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的影响． 方法：用流动血细胞 汁数仪测定肿瘤坏 

死因子(忡 n)诱 导人脐 静脉 内皮 细胞 ICAM一1和 

凝血酶诱 导人 血小扳 P_选择 素的 表达． 结果： 

HUVEC 经 TNF-a处 理 后 ，明 显 增 加 细 胞 表 向 

ICAM-1的表达，增加 HL-60细胞粘附到内皮细胞 

表面达加入细 胞 总 数 的 30％ ±6 ％ (对 照组 为 

4 6％±0 7％)． 在 TNF—n处理前，用 Tan(25— 

200Ⅱmol-L )与 HUVEC共孵育，则 Tan剂量依 

赖性地抑制 F_d的作HJ Tan(25—2OO“tool- 

L )与人血小板孵育后，可剂 量依赖性地抑制凝 

血酶诱导人血小板表面 P-~lectin的表达 结论 ： 

Tan可抑制内皮细胞和血小板表达粘附分子 
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Pharmacokinetics of recombinant human granulocyte macrophage 

colony·stimulating factor in Macaca muIatta 

WANGRen—Gang，ZHUXing—Zu ，SONG Wei (Department Pfmmu~otogy，ShanghaiInstitute ofMa~ria 

Medica，Chinese Academy ofSciences，Shanghai200031，China) 

KEY W ORDS recombinant gr~ulocyte maerophage 

o~lony—sth-nulallng factor； ~ zyl／le—linked inllnuno· 

sorbent assay；phan'naeokinetics；Macaca mu!atta 

AIM ：To exB／ninethe pharm,,mokinetics ofiv aad sc 

teomlbinant human gran ulocyte macrophage colony· 

stimulating factor(rlK3M-CSF)in Macaca mu／ana． 
M ETHODS： Plasma levels of rI~ M-CSF were 

detected wim sandwich enzyme-linked imm~ rbent 

afteriv rhGM-CSF in monkeyswerebestfittedwith 3． 

compartment mode1． The ]st，2rid， and 3rd phase 

WPA'~0．o5—0．07，0．14—0．58，an d 1．4—4．1 h． 

C／ and n WPA'~ similar be tween different doses， 

respectively． C was 0．93± 0．16
,
ug‘L～ ， 

was 2．65±0．14 h，and elimination n  was 2．5±0．3 
Z 

h after sc rhGM -CSF． The bioavailability aner sc 

rhGM-CSF was 0．61． C0NCLUS10N ： Phatma— 

oaldne6cs ofrhGM-CSFin Macaca rau／ana provided a 

usefulindexfor clinical Ixia1． 

Human granulocyte macrophage colon)．,一stimulat— 

iⅡ譬factor(hGM—CSF)is one of the hematopoietic 

growth factors which control the proliferation and 

survival of myeloid cells ． Recombinan t hGM-CSF 

(rhGM—CSF)has been developed for treatment of 
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several hematopoietic disorders， and has shown 

promise i11 山e treatment of myelodysplastic 

syndromes，8s an adjurlct to autologous bone rllalTow 

transplant， and the tremment of bo ne illalTow 

suppression induced by high dose chemotherapy -4j
． 

In Chiila， dg3M-CSF has been developed into 

therapeutic use． n e present咖 dy．as part of the 

preclinical studies of rhGM —CSF， was initiated 【0 

investigate the phannacokinetics of iv and sc injections 

nf rhGM —CSF． 

睛皿 R US N̂D ⅡⅡH 0DS 

Chemicals Bacterial—derived daGM-CSF(LotNo 950l1． 

purity >嘴 ％ ，300tLg／ampole，6 67×l Iu-Yg。。)was 

provided by Shanghai Huaxin Biological Hi曲 Techniques Ca 

Ltd，Shanghai，China Standard GM—CSF was purchased from 

Schering-Pl~ gh Monoclon al antibody agairL~t GM—CSF， 

bi~4inylated antibody against GM-CSF， and slre~ vidin 

conjugated hotser~lish peroxidase complex were purchased 

from GIF， M iister， rm any 3．3．5．5-Tetramethylbenzidine 

(TMB)，gelatin，and bovine m Immin(BSA1 were 

Sigma． Ke~mine hydrochloride(50 g-L一 1 w purchased 

from Shanghai Zhongxi P1mrmaceutical Co Lrd
，
Shanghai， 

China 

MaaTva rnuIatta Macaca mulatto (n = 9． ) 

weighing 4— 5 were provided from s ha Institute af 

Physiology， Shanghai， China
．  Only monkeys that had not 

reoeived rI~ M-CSF previously and that血d not demonstrate 

antibodies to flaGM—CSF v,a2re used for this study Mankeys 

were randomly~ signed ∞ study ps 

Pharmacoldnetics of rhGM ．CSF Monkeys 、 
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an~s'thetized withim ketamine hydrochlofde 10 mg’kg～ An 250 ng’L～ To test the inter-and intra-assay variations，6 

indwelling catheter (B Bmma Melsungen AG， Melsungen． 

Germany) m placed in the long saphenotts vein for blood 

drawing catheter w c Ppcd wjfo a closure stopper wifh 

injection port(B BraunMelsmagen AG) pmeney ofthe 

catheter郴 maintained by sodium hep~ n 10 kU·L‘。iIi jm 

Mon keys were preconditioned to reslrathing chaiFs to minimize 

sITess, 删 - FWILSinjcotediv5 of50 ’ ～．oF sc 5 
· kg～ Approximately 1 m【_of blood was drawn each time 

from the veno~,ca tllater using abe pminized syringe  void 

volul1 was rem~ l from the c 由栅 befbre collecfing tI1e 

bIood． Blood samples were spun at 4O0O g for 5 min 

PIaSIT~ stored at一20 ℃ marll&ssayedIn,sandwich enzyme 

1inked Inm1L】nos0 呲 v．ssa'r'(ELlsA) 

Sandwich Eu SA for detecti~ rhGM -CSF |h(M  

CSF in pla m was a蛐 刮 bv EUSA l1lem【】dL modified bv 

us n e 帅 an6b0dv(monoc-lomJ aTl6b0曲 against(M  

c )(1 j g’L～，1~Of~L／v,el1)in#~sphate-buffered saline 

(PBS)was coaled overnight at．25 ℃ o11％ -wel1microtiterplates 

lSigma)． Then the plates blocked with PBS containing 

1％ BSA at．25 oC for 6 h
．  plates wele washed 3 th-nes 

with washing buffer(PBS with 0．02 ％ Tween 20) One 

hundred ĵL of dilution s of口la，HTm con嘧jning rhGM CSF diluted 

iiidi11】ling hI髋 r (PBS th 0 0e ％ Tween 20 and 0 2 ％ 

gelatin)were addedtothe#ate~at．25 oC fbf 45 mdn 

plates were was|led witI1 wa g buffer 3 times Det~：fiol| 

anah) (biotinylated anfilxxly ag r GM-CSF)was addedin 
wells andincub0ted at 25 oc for 45ruth

． Afterfui'~ rwashing． 

the#ate~were incubam]、ⅣitI1 strelxavidin conjugated horseradish 

peroxidase complex diluted l：1000 in diluting buffer(100 uL／ 

welIj for 30min． #ate~wei'~washed．and 100止 TMB 

IfD nag’L with 0 O03％ in NaAc 011tool’L (pH 

5．o)was added #ate~were covered with aluminmnfoils 

and incubated  for 30 rain． reaction was stopped adding 

HCl 2 mol·L。。【50 ttL／v,el1) olXical density at 450 rim 

mea．~ ．d with a DG3022 plate reader(Chinese Electron 

Tube Factc~,，Nanjing，Chinaj 11】e specificity ofthe a．~say 

wi]B demonswaled by adding potential interfering substances into 

the pl~*m Interll1l(ine-k (IL-la j 10．IL-10 10，lL．3 l0， 

Il_4 l， j 1，1L-6 I， 7 l，Il，8 l， 1O 1．M ．CSF 1． 

and G CsF l f ’L～ "~ere not CRX~S reacting Background 

readings were determined from wellsiii which PBS con【ajning 1 

％ 1]ormal monkey plasil~ wifoout rhGM-CSF 惴 ineubated 

background reading惴 subtmcted from al1 results Assays 

were done iii triplicate wells and vcer~expre~ as the mean 

levels PIasrna was analyzed from a pre~ alment specimen and 

up to 24 h after rhGM-CSF injection 11 endogenous GM-CSF 

le eel detected in the肿  朗nT1 t stx~citr,en wa subtracted from 

all plasma levels 

Standard curves and validation rhGM-CSF standard 

was diluted with the r· monkey —a5Ⅱ to get a staralaid 

CUlWe lii COnceatFatiot2．,；of 7 8， 15 6， 31． 2，62 5， 125． and 

aliquotsof  each sample were ~．sayed  thin 1 d and 1 wk． 

Accuracy and pmc~ion were ev-aluated by calculating the 

recovery v01ues from the standard CUrateS and c0efficients of 

variation(CV)bet~een the aliqu~as，res~ec'tively 

Wnanm eokinetie anal s Pharfoacokineric data Oil 

blood eliminationwe modeled usingthe 3 Prom-am 

RESULTS 

Accuracy and reproducibility of the 

method The stalldard CI．LrVefor plasma ranged from 

7 8 to 250 ng·L一 was linear(，>0．9993j． 

inter-assay CV was ≤ 5 6 ％ ，the intra~ say CV was 

≤6．5 ％ ． 111e mean recovery was 94．9 ％ ± 

6 5 ％ 

Phanw cokinellcs of iv rhGM -CSF The 

highest plasma levels of iv rhGM ．CSF 5 or SO 

‘ measured at 2 min wel'e 42±3 and 45O 4-29 

g‘L～ ，respectively． curves after iv were best 

fitted with 3-compallment model： C (t)= Pe一 + 

Ae～0+Be一口(Fig】)． 

D1 

～
、

．j 
4 8 12 1e 2o 24 

Fig1． rhGM ·CSFlevelsin plasma afteriv 5．iv 50 

w sc SPg·kg～ ． n=3monkeys， ±s． 

The first．second，and l&st phase n  were 0．05 

一 0．07，0．14—0 58，and 1．4—4．1 h，respectively． 

The fl／'eas under cu1wes (AUC ) were increased 

proportionally with doses． Oearance(Ct)and K10 

were similarin different dosages(Tab1)． 

Pharnmcokinetics of sc rhGM -CSF PIasma 

leven of rhGM-CSF after scwerehigherthan those2 h 

after iv 5 ’kg (盹 1)． Concentration-time curve 

was best fitted wi[h 1-compamnent model Maximal 

concentration(Cmx)was0 934-0．16 ‘ ～ ，time  

1．a舌 ∈鬈}d ul 竹0． 0E 
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Tab1． Pharnmeokinetic parameter~ofiv rhGTq·CSI,5 mid 511 p．g kg一‘in Macaca n-adatra 

to peak(r )was 2．6±0．1 h The bioavailability 

(F)WgkS 0．61(Tab 2) 

Tab2． ]Pharmaeololdnetic parameters of sc 5 I增 ‘kg— 

rhGM -CSF in Rhesusmonkeys． n=3． ± s． 

AUC ofiv 5 Dg·kg。。． tarter correctionwith F 

DISCUSS10N 

In the present study．we have described a reliab le 

ELlSA method  for detecting rhGM—CSF in plasma
．  

n e method is very sensitive and call quanl Jtate rhGM— 

CSF at concentration as 1OW aS 10 ng·L_’ This 

ELISA is nol subject to major interlemnce by other 
~ytokines． W ith this meth( ， we were able to 

determine the phammcokinetics of rhGM—CSF iv OI SC 

in  ̂tC[1t'61，mflam The highest I el ol rll(JM CSF 

after iv doses occurred immediatelv． The blood  

elimination Dhannacokinetics of iv rhGM．CSF had been 

repo rted as a biphasic curve with fl distribution phase 

0r 0．14—0．17 h and all elimination phase 7'l of 
。  

2 

3 7— 4 7 h for I-labeled rhGM—CSF jn Macqca 

“latta ’” In our study． the plasma rhGM-CSF 

concentration-time curves were best fitted with 3一 

compartment modeI after iv administration with fl first 

phase of 0 o5 —0．07 h．a second phase _， or 

f)．f1— 0 58 h、and fl 1ast phase of 1 1— 4 1 h 
= 

One possible explanation h1r this find ing is thai the 

method  f0r detecting plasma 1evels of rhGM —CSF in our 

study WaS different from the previous relx~n 

Ih：sc injection route r r}lGM—CSF has been 

evaluated as fl way to maintain drug blood  Ievels at 

Ox．emlllower dose 1evels to minimize toxicity n e sc 

injection of Chinese hamster ovary(CHO)cell—derived 

rhGM—CSF has been compared to bacterial—derived 

rhG CSF in human．and j【was fbund that bacterial— 

de rived product reached maximal blood 【evels 2—4 h 

after c injection of 3一 5 f g’kg ．whereas CHO 

c~ll—dcri,．ed lnatedal required f2 一 h after c }： 

g。kg ． The latter result was ,,imilal to the 

obser,,,ation in Max'acu mulatta al'rer se 【nic：cti0[I of 

CHO cell—derived GM —CSF And the |'t)rlllet 
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resuh was equivalent to otlr findings that a maximal 

blood IeveI of the bacterial—derived rhGM—CSF In 

Macaca，"“la obtained 3—4 h after sc iniection al 

dose of 5 y-g‘kg～ The good correlation of the 

Macaca m“la肋 data and the human clinicaI data 

demonstrates the u【jIity of the ~]ocaca 卅H／a modeI． 

fnr his valuable comments on 

critical review of this manuscript 
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在恒河猴体内的药物动力学 
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酶连接免疫峨附fI!lJ定：药物动 J 、 ； 散 

⋯i q 

q ： 
』、 

E LI5 

目的：研究 卦i人#IL#III胞1一噬细胞浆溶刺激f目r_ 

(thGM-CSF) ：恒河戤f乖 的药物动力 ’． 方法： 

川酶连接 免疫 附测定法 榆洲 m浆-}1 rhGM—CSF 

的含；1}． 结果：iv rhGM—CSF后恤药浓攫时0Ⅱ【J}l 

线符合 房宣棋刑． I，2和 3样j的 n 分圳为 
= 

0．05—0 07 h．0 14—0．58 h羽I 1．4—4．1 h． AUC 

随剂啭成比例增加 iv高剂量和低剂量的 d 和 

鄙柑似 sc rhGM．CSF后 血药浓度 的峰值为 

0，93±0．16 f喁-L～．达峰时问为 2．65±0．14 h．生 

物利用度为 0 61． 结论 ：恒河猴 rhGM—CSF药物 

动力学数据为临床试验提供有用参考， 

XIIIth Intern ational Congress of Pharmacology 

1998 Aug 26—31 M~．inche n，GERMANY 
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