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Pharmacokinetics of sustained·release capsule of 

5·isosorbide mononitrate in 20 healthy Chinese young men 
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KEY W ORDS isomrbide；pharmacokinetics； gas 

chromatography； delayed·action preparation ； cross· 

over studies；biological availability 

删 ：T0 compase the phammcokinefics of domestic 

and mapoFted sustained．release capsule of 5．．imsoFbide 

mononitrate(5-IM)． M匮T】 咂)s：A single and 5．d． 

n：Dea d oral doses of 5．IM 50mg werepe rfom~ on 2 

groups of 20 Chinese healthy subjects(10 subjects for 
each group)in a randomized cr0ssover protocol Tbe 

一  M in plasmaweremeasured by gas chromatography 

udth electron—captured detector method Data were 

analyzed automatically by using a CAPP pmgrmn oll a 

PC computer． RESUITS!Htting山e 5-IM COilcen- 

tratlon-fime cllrves to otle·comparmaent model or 

following tralxzoidal 111le， the l~'amaters such as 

呲 ，
C呲 ， ，MRT，andAUC were calculatedand 

there were iio significant di 峭 between the two 

kinds of capsule． 1emajor phmmacokinetic parameters 

of domestic and imlmrted 5． M sustained—release capsule 

with a 5-dmultiple dose respectively：C (677 

±103)and(7024-_76) ‘L ； L5．1±2．0)and 

(5．6±1．3)h；m T(11．5±0．5)and(11．4±0．7) 

h；AU( 一 (12 121-~-1346)and(12 352±988) ‘h 
· L一 ． fla~~Oll of dmg absorbed in vivo was 

correlated well with the percentage alalolmt of drug 

released in vitro at corresponding time(P<0．05)， 

andthefluctuationindices on d 5in multiple dose study 

were not signiticmarly different between 山e two 

formalations(P>0．O5)． Ⅱ relative bioavailability 

0f山e domestic capsule for single and multiple dose 
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were 96 ％ ±ii ％ and 98 ％ ± 10 ％ ．respectively 

CONCLUSION ： Domestic 5-IM sustained—release 

capsule showed bioeqmvalenca compared wi th the 

imported capsule and provided the same nitrate—low 

intervalin thelatter part ofthe 24一hdo singinterva1． 

5．1sesorbide mononitrate (5．M ) is an active 

metabofite ofisoserbide dinitrate(ⅡI)． 5一 M can be 

more rapidly absuflxd thanⅢ by gastrointestinal tract 

and has a illore permanent effect than ID， mad it is 

highly effective in terminating aeo．te attacks of an垂m 
pectoris． Many studieswith oraldo sing of113 oF5-IM 

at 3 riffles daily have proved nitratetoleranceinpatients 

with coronary artery disease． As showed in 1983． 

intermittent therapy wi th on∞ daily ingestion of 5-IM 

(4O一6o mg)sustained—release capsule was sUccessful 

in preventing the development of toleranent“，so the 

sustained-release for mulation has greatly been ado pted 

in foreign counlxies to treat angina pectoris and o【ber 

cardiovascular diseases． Inthis study compan~ the 

ph,mnacokinetics between the imported and d0n c 

capsules to see if the two formnimion s provided  the 

same plamla nitrate profile that inom'ixxated a nitrate— 

low in圯Ⅳa1 in the latter part of the 24-h dosing 

interval， during which plasma nitrate levels are 

sufficiently low  to preveot the development of 

tolerance． 皿lis nitrate—low  d0d is best timed to 

occllr during the nie,ht whell the pa tient is at the least 

risk of symptoms． 

Drugs and rI鞠lgen舡 EXanestic 5-IM si．K~  

rel,ease capsule(5-1M-H)，(1ot No 951'201，Huayu 

Flmmmeentieal Factory，Wuxi，China)； imported 
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controlled capsule(5一M ．S)，(1ot№ 12503．Schwarz 

Pharmaceutical Facto~， Germany)， each capsule 

contained 5．M  50mg：detection standard 5一M (offer— 

ed by the Pharmaceutical Factory ofNanjing)： 

Internal standard isosorbide dinitrate(Ⅲ )：(1ot№ 

0250-950l，offered byN~ional InstitutefortheContml 

of Pharmaceutical and Biological Products，Beijing， 

China)：other reagents used ofAR grade． 

Chromatography condition 5-IM was deter- 

mined by I-IP5890 gas chromatography with ECD 

detector and Column BPx5(made in SGE comDany) 

I-IP3396A data processing integrator was used High 

pure l99．99％ ) HeⅧ as c~iier gas and N2 as 

supplementary gas ． Pressur~before column was 140 

H'a．shunt ratio was 1／10 Temperature was 220℃ 

for sample intaking．300℃ for detector．and 130℃ 

for column 

Subjects Twenty male healthy subiects were all 

students NanjingMedicalUniversity Age：21．5 
± 1．1 a：weight：64±8 kg． Following Helsinki 

Declaration， they all gave their informed consents 

They had no allergic histe~'y and stopped using any 

drugs since15 dbeforethetest． Cigarette andalcohol 

were forbidden during trial period ． Physical 

ex~fination and laboratory tests including blood， 

urine，liver，kidney，and electrocardiogram sho wed no 

abnormal findings． 

Protocol Twenty volun teers in the single or 

multiple dose group(each n：10)enteredthe study in 

an open ran domized crossover design． In the single- 

dose study，after a 9-h ovemlght fast in the hospital， 

50 mg of eithel"5-n H or 5一n S was given with 

water l砷 mL to each volunteer at 6：30 AM ． 

Antecubital venous blood samples 3 mL were taken 

beforeand at0．25，0．5，1，3，5，8，12，16，24，and 

36 h after medication． The blood samples were 

collected in the Na2．edctic acid-coating tube s and 

centrifuged at 3OOO×g for 10rain Plasmawas stored 

at一舶 ℃ until assay． Foodwas not allowed until 3 h 

posmaedication  and volun teers were协Id to take a rest 

without strenuous exercise． Duringthetest period they 

were supplied uniform diets A crossover study was 

fo11owed by awashoutperiod  of1 wk． 

Inthemultipledo se study，each voluntoertook 50 

mg einler5-n H or 5．tM．S capsulewith l50mL water 

everymorning at 6：30AM for 5consecutive oral doses 

at a 24一hinterva1． In thefoirl~r 4 d，nlevmay have 

breakfast 1 h after medication． Three mL venous 

blood was drawn at 5 and 24 h after every do sing． 

Volunteers had diet in the diningruom， and regular 

living was as before Strenuous exercises were also 

f0rbidden． At the fourth night they were hospitalized 

andfastedfor9 h． The procedurewas as thatof single 

dose mentioned above One wk later a crossover study 

was repeated 

assay of 5-n I 5-IM was assayed following the 

method de so-ibed previously L except that ID as an 

interstandardwas added in plasma samples ． 

Validation study n e intra．day and inter-day 

reproducibility were assayed by determining 5-IM in 5 

plasma samples with differenlconcentrationsfor 5times 

in a day or iIl 5 consecutive days． Recovery of 

standard 5-IM in plasmawas also performed 

Pharmaeokinetic analysis The concentration． 

time curves were analyzed with CAPP program (LUO 

Jian-Ping， et al， the DeFarauo nt of Mad~ natics， 

Nanjing Medical Umve~ity) on Super Personal 

ComputerforKeand T1 2and adoptedHPAUC program 

(D G Yong， 山e Depar~nent of Mathema tics， 

Nanjing h ical University)to calculate AUC and 

MRT following trapezoidal rule． 

Fluctuation index(Ⅱ ) data of c一 

(putativemaximal concentration at 5 h posaxiodication) 

and C (at 24 h postmedication)in sigle or multiple 

dose study were usedto calculate FI： 

FI=2(C～ 一C一 )／(C一 +C～ ) 

Cotrelafion ／ntr／tm versus加 t矗／lro Follow- 

ingtheWagner-Nelson equation 

t 

C口+ j C口df 

，= — 
I C dt 
0 ‘ 

and using the NWXG program (DING Yong， the 

Department ofMathematics，Nanjing Medical Umver- 

sity)，we got the correlation equations between f 

(fraction  of drug absorbed in vim ) and a ％ 

(percentage amount of drug dissolved vitro)ofthe 

two kinds of capsule． 

Bioequivalence analysis The relative bio- 

availability was calcdated： 

F =AUC0
一  

}lM．H／AUCo一 5-IM
-

S。100 ％ 

To determine whether the two kinds of 5-Ⅱ RC 

capsule be possessed the stone biological effect the 

parameters including 一 ， C一 ，MRT， AUC， and 
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the logarithm t~ansformafion In ．h1C ，lnMRT， 

and lnAUC were analyzed witIl the following methods! 

ANOVA，Bayesian，Westiake．tWO one—sided and the 

rank sum testL 一 throu~ BIO program(DING Yong． 

the Department of Mathematics， Nanjing Medical 

Universiw)． 

RESUI S 

Quality control of GC-ECD assay The reten- 
tion time of ID and 5-IM were 6．-．／and 4．2 rain． 

respectively The peaks were sharp． well—separated 

and notinterfered by plasma(Fig1)． 

暑 

A B C 

b 

Fig 1． The chrmymtogcaphies of S-IM ． A：blank 

plasma． B：standard 5-IM ca】and interstandard lid 

(b】inblankplasma．c：5-IM (a)andtmerstandard 

lid fb)in plasma after medication． 

calibration curve vcas linear OVer the range of12．2 

— 9花．8 flg’L (H=5 J． The regression equation 

is： A 山Td／A】m嘲 血 = 0 2272 + 0．0026X， r = 

0．99嬲 ． 1he sensitivity was 1 g’L 【plasma 

extract)． 1he coefficient of variation were 4．93 ％ 一 

7．35 ％ forintra-dayand 5．o8％ 一5．80％ forinter． 

day． Recovery cogfficiant we 81．51％ 一85 56％ 

(5一IM standard concentrations were 60．8． 486．4． 

972．8 卫·L_。．H=5)． 

Concentration-time Cotlrse and 兀 Ie 

average concentration．time O．1rVe$of the tWO kinds of 

capsule either in ~ingle dose or multiple dose varied 

conco rdantly． Tbe FI and the average plasma 5一IM 

concentration of 5．IM．H and 5-IM．S at 5 h (putative 

maximal concentration)and 24 h(mimmal concentra— 

tion)after each medication vcere ilear to each other 

(Tab1)． 

Pharmacokinefics time．concentration 

curves were fitted with one-co mparmaent mode1． Main 

pham~cokinctic data between the tw o kinds of capsule 

showed no statistical difference (Tab 2) Relafive 

bioavailability Was 96 ％ ±11％ and 98％ 4-10％ for 

single and multipie do se group respectively． The 

(1—2a)(d=0．05)confidence liIIlits of the ll1AUC， 

1nCm姓， ， and lnMRT of the tw o kinds of 

capsulewere shownin Tab 3． 

Tab1． Plasma 5-IM omeentrafion at5 h(putativematernal concentration)and 24 h(minimal~m：entraficm)after 

each medtcafi(m following a TIgle and multiple po 50 II孵 of sus抽ine 叫 lse capsule(5-IM-H 锄d 5-IM-S)in 

heait~ Chinese． n=10． ±s． >0．05 eompar~ with5-珊 -S 

E ： 一 蚶 

维普资讯 http://www.cqvip.com 

http://www.cqvip.com


ISSN0Z53-9756 Acta Pharmacol Sin中国药理学报 1999Oct；20(10)：951—956 

： ／www sirr~ ．cn i呻 ． 【】v cn／刚 0djcal 

Tab 2·Pa埘 n岫 0f 5-I1N[妇 r a sin e锄d muldpte dose of 5o n喀of sl|s在IiII rel船se铡 (5-IM-tl and 5- 

IM．S)jlIl-eam C1-1[11~ ． n=1O． 牙±s． >0．05加mpared wj廿l S-IM-S． “*’’repr嚣即吲 t】le pa啪I耻 

fitted b ode-瑚咖p旧【rt唧 t model and otl麟 were mlculated trapezoidal rides 

1 门． (1—2口)C~ denee lim|乜0f lnAuc．Inc一 ． 
】tI ．andl~~lllT 0f岫 tw0ldnds 0f capsulemlculat- 

ed b tw 明e side test． Ⅱ=0．05． (T：5-I1N[．I[t．R：5- 

IM S)． 

C n lad0lI由l t枷 vers璐 vitro A 

linear relationship existed between f(fraction of drag 

absorbed vivo)and a％ (percentage amount of drag 

dissolved ／n vitro) 1he correlation equ~ions of 5． 

were a ％ = 一 1．9198 + 1l2．0071r (r = 

0．9963，P<0．05)and a％ = 一1．7137+108 0605， 

(r=0．9974，P<0．05)for single dose and multiple 

dose respecfivelv Thc~e for 5 ⅡvI—S 'were a％ = 

一 2．201l+105 5072f(r=0．9981 P <0．05)and 

a％ = 一 2．2265+ 101．9469f(r=0．9999，P < 

0．05)(T丑b4)． 

W e have studiedthe pharmacokinetics of a new 5r 

IM sustaln~一release formulation by using lD as internal 

s髓Ⅱdard and taking an iIIlp。rted similar formulation as 

contro1．which was developed in foreign cotmtries in 

recent10 years 

Tab4． correl 0f 5-ll~I．1[t al 5-Ⅱu-S between，(曲  0f drug absorbed 

瑚 Imt 0fdn】g dis舯 l谢 缸 t咖  
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The parameters obtained such as T】／2 and MRT are 5 

closetot}lose reported byMerz-lK3 ～． Th ere was uo 

accumulation of drug during chronic treatment because 
， 

the accum ulation factor for 5一IM was onlv 1 2 fold in 

multiple dose than in single dose occurred during the 

periods of dosingwith thetwo sustained-release capsule 

(Tab 1) The result was the salne as Taylor and 

Kendall reported 

Despite of the well—established benifits of nitlates． 

the provision of sustained angina prophylaxis has been 

hindered by the decrease in pharmacological response， 

nitrate tolerance．that occurs wit}l continuous or high 

dose administration of nitrates． T0lemnce can be 

successflttly overcoroe by using daily dosing 百m∞ 

thatincluding a“ultrate-low”interval，a period of8— 

12 h each day during which plasma niIrate level is 

su施 ciently low to prevent t}le development of 

t 0IefanceLm—l 
．  

The 5一n1一H and 5-IM-S in our study．ttza'efore， 

gavethe same effective protection from ischemiawhen 

the patientwas at greatest risk ofanginal attack【during 

the active part of the day)，while ensuring that the 

plasma  nitrate concentration falled below t}le critical 

level(about 300 tzg’L )f口 t}le development of 

niI／ate tolerance for a suffjlcicat pedod(8 h)during each 

24 h pe riod， 廿leⅡnore，concentratiou at l00 ’L 

ma y also prevent anginal attack during the night wh en 

the patientwas attheleast risk of symptoms． 

AccordingtotheANoVA．1uc re．themare 

pharmacokinetic parameters of the two capsules in 

single or multiple dose group were in good agreement 

with each other．The analysis showed  that there was 

bioequivedence between the tw o products， so the 

domestic products hadthe s m  biological effectsas the 

~ rted 0nes． 
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5．单硝酸异山梨醇酯缓释胶囊在中国健康男青年 

的药物动力学 定罗72 

壁苎至 堡必 沈建平，丁 勇，黄大贶， 
罗建平，邱 俊，姜朝晖 (南京医科大学临床 

药理研究所，南京210029，中国)； 彭建和， 

盛龙生 (中国药科大学，南京210029，中国) 

关键词 异山梨酯；药物动力学；气相色谱法；迟 

效制剂；交叉研究；生物利用度 
、 —

— —  ，  ， 

尹谚 
目的：比较国产和进口5-单硝酸异山梨醇酯缓释 

胶囊在健康人体内的药动学． 方法：20名志愿者 

交叉随机分两组，口服 鲫 mg，GC-ECD测血药浓 

度，一室模型拟合或梯形法求药动学参数．结果： 

多剂量组连续 5天服国产或进 口胶囊，药动学参 

数 G 分别为(677±103)和(702±76) ·L ； 

分别为(5．1±2．0)和(5．6±1．3)h；MRT分别 

为(11．5±0．5)和(11．4±0．7)h；AUC0一 分别为 
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(12 121±l346)和(12 352±988)gg·h-L_。，两者差 和多剂量下国产对进 口胶囊的相对生物利用度分 

异无显著性(P>0．05)．两种胶囊在服药 16 h后， 

血药浓度降至产生耐受性的阈值浓度以下(<300 

g-L )．两种胶囊体内吸收分数和其体外相应 

时间的溶出率均呈显著正相关(P<0．05)，单剂量 

本部邮购科学出版社书讯(医学类) 

别为96％±11％ 和 98％±10％ 结论 ：两种胶 

囊药动学特点相似． 

(责任鳊辑 朱倩蓉) 

书 名 作 者 出书年月 单价(元) 

激光临床治疗学 

压用生物力学 

医学寄生虫体外培养 

实用低温医学 

显馓外科解剖学基础 

生理 学实验 

棱医学谚断与治疗规范 

血栓病学 

生物 医学工程学 

医用传感器 

医学微生物宴验学 

中成药药理与应用 

乳房整形外科学 

实用临床血谊细胞学图谱 

中国药物研究与发展 

现代系统老年医学 

胃肠生理学 

32∞ 个内科疾病诊断标准 

皮肤病彩色图谱(第二版) 

早期食管癌和胃贵门癌内镜检查图谱 

物理 因素职业卫生 

内舟泌代谢疾病鉴别诊断学 

植物性神经系统生理学一基础与临床 

胃肠动力病学 

临床中医脑病学 

人体断层解剖学 

风湿病学(上下册 j 

现代胃肠病学(上下册j 

现代 脏病治疗指南 

实用高血压学 

骨质疏橙学 

现代骨科手术学 

麻醉学(第三版) 

志反应学 

消化内镜学 

胃肠病临床药理学 

清亿道运动学 

现代心电图学 

中国中药资源志要 

中国民间单验方 

中国常用中药材 

中药方荆现代研究太典 

椽 国样 等 

橱桂通 

陈佩惠．周述龙 

章崧英．等 

钟世镇 

陈其才，等 

国家卫生部压政司 

李家增 

陈百万 

姜远海 ，等 

马素卿，等 

黄正昆 ．李仪奎 

剂立目I 

刘志结 ．黄文源 

孙曼霁 

潘天鹏 

周吕 

贝政平 

虞瑞尧 

王国清 

刘文魁 

刘新民 

王子株 ，德有恒 

A J P．M 斯奠特．L_M A 阿克曼 

施杞 ．周康 

吴德 昌 

蒋明，朱立平，林孝义 

谱 国宗 ．曹世植 

陈湛 

亲 振球 ，马长生 

刘 忠厚 

朱盛修 

谢荣 

叶世泰 

李益农，陆星华 
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