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Pharmacokinetics of germanium after po p-carboxyethylgermanium sesquioxide 
in 24 Chinese volunteers 

LONG Qi—Cai，ZENG Gui—Xiong，ZHAO Xiang—Lan (Department of Clinical PharT~mcotogy 
Sun Yat—Sen University ofMedical Sciences，Guang'ztmu 510089，China) 
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AⅡd：To compare the pl~rmacokinetics alter pe  

different doses of [i~：：arboxyethylgermanium 

sesquioxide (Ge-132)． METHODS：An atomic 

abso rption spa ctrophotometric system waS used to 

measure germanium concentrations in plasma and 

urine samples after po Ge-132 1(1ow dose，LD)， 

2 5(medium  dose，MD)，and 4(highdose，HD) 

a-m _n 24 healthy volunteers(one dose per 8 

subjects) REsIⅡ朋 ：了．1a(LI)，1．2±0 7 h； 

MD，1 1±0．6 h；liD，1 2±0 5 h)，了． B(LD， 

5 2±1 2 h；f∞ 。5．8±2．5 h；HD，5．5±1．4 h) 

and C／／F (LD，33± 12 L·h一。；MD，35± 10 

L·h ；HD，33± 11 L·h )were not dose- 

related 7． was between0．75 hand2 h． C 

(LD，5 3±2 2 rng‘L-。；MD，13±5 rng‘L-。；HD 

18± 8 mg·L_。，HD)and AUC (LD，31± 13 

mg‘h。L-。；MD，60± 16 mg·h·L一‘；HD，79± 42 

rng·h-L-。)were positive correlation to the  do se 

of Ge-132 Urine-eliminated german ium  within 24 

h accountedfor l1±3 ％ of LD。9±3 ％ 。f MD， 

and 6±5 ％ af HD (calculated from  Ge／F)and 

showed a negative correlation  to the  dose 

CONCLUSION： 1) Intracorporal process of Ge 

after po Ge-132 coincided with the first--order 

absorption  and eliraination with two-com partment 

kinetic model； 2) The amount of gen rIanium 

elim inated  in urine was below l1％ ． 

~Carboxyethylgermanium sesquioxide (Ge- 
132)is not only an immunomodulatorl”，but also a 

low toxic anticancer agent[2,31
． C-e一132 promoted 

growth of cell and nucleic acid synthesis[ 
， 

facilitated secretion of aeidophilic cell of hypophysis 

in cell culture[ 
， improved the metabolism of 

cultured neonatal rat myocytes and pmtected 

Received 1994-11—07 A㈣ 【ed 1996-044)9 

myoeytes from isoprotemol—induced injury ．and 

scavenged free radicals̈ J． Pharmamkinetie 

character of po a small dose(0．1 g)0f Ge_132 in 
humans fitted well to one—mmpartment model and 

first—order kinetics through determination of 

germannitml (not prototype) in urine with 

spectrophotometry of phenylfluorones ，whereas in 

rabbits was two-compartmentD1
． This experiment 

was a part of phase I clinical trial in treatment of 

cancer． Doses used in this study underlay the 

tolerance test of Ge_132 in htmamas． This 

experiment w&s to study the pharmacokinetic rule 

by comparison of po a series doses of Ge一132 in 

humans and pmvide reasonable clinical therapeutic 

schedule． 

M ATERIAIS AND M匝TII()Ds 

Ge-132 czal liquid(synthesized by Guangzbou 

Research Insfitute of Semiconductor Materials．di luted in 

distilled wat and edjusted by NaOH soludon to physiological 

pH)contained Ge-132 100 g·L (1ot ：940520) 

Standard liquid 0f germanitma dioxide (G如 )，which 

contained Ge 1 rag。L一 ．Ⅷ kindly pmvlded by K,~ to 

Chemical c。Ltd，japan(1ot№：CR-0—01—07)． 

InsR-m~ents and q ran0n eondtthms A graphite 

flnT~oe atc~3c absorption 订0『neter(Modal Z／3030)~,vas 

use& 265．1 nm，slit 0．7，the dryness irl the 1st slope 

temperatureraislng at 130℃ for 10 s th retention for 25 s． 

the 2nd at l 7Il℃ for 10 s with retention for l0 s．the 

incineration at l2肿 ℃ ．the a~rfizadon at 2000℃ ．andthe 

ablution at 2300℃ ． 

Protocol A total of 24(12 M，l2 F)volunteers(23 

±s 3 a，wdg “g 53士s 7 kg，the Han nationality)were 

juaged to be healthy based on complete ph exmninadcm， 

E。G，blood chemistry and urine analysis． No subject 

p0sed to any other medicine throu#m t the test and 1 

month before． Ge_l32 doses雌 t(1ow dose)，2 5 

(medium dose)，and 4(high dose)g·m— kxxly surface area． 

The volunteers were randomly divided into 3 groups of 8 

(4 M．4 F)subjects each One 0fthe 3 dosesofGe_132was 

single and ccally administrated to each group．Blood samples 

(3 n1L)wp．redrawnfrc~l all antecubi【al vein atthe f0llowing 

times ：before，0．25，0．5，0．75，1，l_5．2，2．5．3，6，9， 
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12．and 24 h aftermedication L rte samples were collected 

before dosing and during  hours 0—6． 一12，mad 一24 h 

Preparation of calibration alr Trichloroacetic add 

5％ 0_5 mL was added to 0．5 m【J ofGe-132 10，25．50， 

75，100 g‘I plasma and blank plasma The mixture 

vortexedfor 30 s．and sube~quemtly ceattifnged at 1200 g 

for 10 rmn Supemarant fluid Ⅵ鹌 used for detection． 

Formic add1 nd．was added to 1111I_ urine containing the 

same~*noll／it of Ge-132 j11 plasma and blank urine． The 

mixture was digested for 6 h．diluted iD distiUed wat~a"and 

& tected W e enurt~ted Chinese Nariona【Analytical Center ． 

Guangzhou． th ne~ ibility for measuring  Ge in biological 

samples． 

C．alealaOon The data were pmeemecl by computer 

progr~am 3P87 provided by China PharmaceuticalAssociation 

(Zk~ngWG。WangYc，TangzM，IjuX，SunRY，YuZL． 

“3P87”a calcu~ting program of practical phannamkinedcs． 

InlorChin Pharmaml Soci1988；5(4)：19) Pq即m of 

equation oftwo-~ entⅥ，；小 fimtmrder atm rption and 

dimlna tion  was used for calculation． W eigh Decameter was 

1／C． Srati吐ical moment was appHed to c~~u]ate AUC 

REslII 

C柚ibration curves T}le coefficients of var_咀一 

lion within-day and between-day were<5％ (n= 

l1)and 5．5％ ( =9)，respectively． Recovery 

was 91．2—97．O％ (n=8)in plasma samples and 

97．2— 105．6 ％ (n = 7)in urine sm-nples． 

Characteristic quantity was 43 rig ’L ． The 

calibration cu]n，荡 of Ge in plasma and urine were 

linearoverthe range 10—100 nag’L一 ．Thelinear 

regression equations were 

Plasma：C=0．00050+0．0021A 

(r=0．9997； =5) 

Urine：C=0，O0O66+O．0O23A 

(，：0．9993； =5) 

Here， C standed for mncentratien and A 

represented peak ar朗． 

Pharmacoki~etic characteristics of Ge 

Concentration-time curves after ingestion of Ge_132 

l，2．5。and 4 g·m eoincided with flrst-order 

absorption and elimination model(Fig 1)． 

T— was between 0．7 h and 2 h for the 3 

dosages． C— and AUC were directly correlated to 

the doses． 7 ，丁知，and a ／F were irrespective 

of the doses． AUC and C— were directly correct— 

tion to Ge-132 doses． Ge eliminated in urine 

wi山In 24 h after oral ingestion of Ge_l32 accounted 

ng1． Ge ~onem tral~asin p1．~ma p口 Ge．-132 

qnid． 

f。 11±3％ (173±64 nag)of low dose，9土3％ 

(266±901T1g)ofmedium dose，and 6±5％ (237 

±2051T1g)of high dose(Tab1)． 

Tab 1． Phnmme~ inefic pm-s~eters 0f Ge-132 in 24 

healthy volunteers after po Ge-132 1，2．5，and 4 g，in一 

(n=8 vohmteersin each group， ±s) 

D珏CUSSlON 

Ahhough Tt wasbetween 0．75 h and 2 h at 

3 Ge-132 groups，T— inthemajority of volunteers 

(21／24)WglS between 0．75 h and 1 h． Ge peak 

concentration at the 3 dodge groups was 5．7±2．1_ 

12．6±5，7，and l8．2±8．2 g’L ．respectivdy． 

C～ was 3．4 7．4 1T1g‘L at the group of 1 g 

·m of Ge-132，7．30— 19．8 ·L at 2．5 g 

’m group and 1．5—32．5 1T1g’L at 4 g‘m 
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group，and 2．6-fold in Cm  over C∞n wss shown at 

low e group，2．8-fold atmedium dosagegroup 

and tens of times at high dose group． No 

anticaneer action of Ge．132 in vifro wss found． 

Relationship between peak concentration of Ge-l32 

and anticancer action in vivo has not yet been 

reported and need to be studled further． The ratio 

0f C ／c舢 was 5．8一fold in on e case and 24．4-fold 

in another case atI-ID group． K。vatucs b咄 1e all 

increase as the dose of Ge．132(1—2．5 g·mI2)， 

but Kaof4 g·m一 group did not increase compared 

with 2．5g‘m groupandthe standard deviationof 

Kaof 4 g‘m groupwaslarge． The data sho wed 

that absorption after 加 l一2．5 g·m of l32 

was relatively regular， whereas absorption of加  

Ge_l32 4 g‘m 惝 fairly individual difference an d 

blood concentration of Ge was more undulate． 

Half-life of absorption phase(r )and elimination 

phase(丁如)were irrespective of加 the dose of 

Ge一132 C— positively rehted to oral dose of 

Ge．132(r =0．9981)． C／，however，was not a 

constant in 3 doses of Ge．132 and atso did not 

be咖 e small as dosage increaSe of Ge-132 like non． 

1inear pharmacokinetic mode1． The phenomenon of 

C／was associated with UC UC ratio of 3 

dosagegmups(31：60：79 mg·h·LI1=l：1．9：2．5) 

was not idon ticsl with dosuge ratio of Ge-132 

(1：2．5：4 g= 1：2．5：4)，although AUC was 

directly~Fl'ehtionto doseofGe 132(r：0．9944)． 

Tht is to say a factor of F (binavallability) 

influenced(7／． a ／F instead of C／ expressed 

as clearance to avoid having an effect of the 

unidentitybet'~eenAUC ratio and dce,e ratio onC／． 

Thus，Cl／F was do$o to a constant． The data 

i[[ustrated intracorporal process of po Ge．132 

coindded wi th first．order kinetics and non．1inear 

kinetics was not seen after 幻 Ge．132 of l一4 

g·m～ because of unehangeof hatf-life an d Cl／F as 

dosage increase an d postivitve correration of Cm虹to 

dose of Ge．132． Ehmi na ting ratio of urine Ge was 

calcuhted by a fonTiuh (aetu~l urine-eliminated 

percent．a~e ofGe／F)based on theinfluence of F． 
Ge eliminated in urine within 24 h after oral 

ingcstion accounted for 11± 3 ％ of low dose． 

9±3％ ofmedium dose．an d 6±5％ ofhigh dose 

The data wss similar to about10 ％ ofGe(average 

l09．12 mg)elimilated in 24．h urine after加 100 

mg d Ge一132L H。．suggested that renat elimination of 

Ge after 加 [ 132 be fairly low Other 

eliminatiing ways of Ge一132，such as feces，bile， 

and so forth，might exist． Defect of either atomic 

absorp tion spe ctrophotometry or spectmphotom etry 

of phenylgluomncs was determination of germanium 

rather than Ge_l32 prototype． The methMs could 

not reflect real level of Ge-l32． espeeiatly 

metabo litcs that dissociated with Ge That mi ght 

be on el'~3son of1ow levd ofGein urine． 

We o。nduded from all the data：1)absorpting 

and elim inating process of加 1，2．5，and 4 g-m 

of Ge-132 coineided with the first-order and two- 

oonlpartrnant kinetic model；(2)Ge eliminated by 

kidnays was below 11％ of加 Ge-132；(3)as far 
as half-lifewasconcert2ed ．Ge．132 was giventw[ce 

da ily orally may be suitable for therapy of cancer 
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1 一 I — —  

口服 羧乙基倍半锗氧化物后 7 7 』一 

锗在24名中国人体内的药物动力学 了 

龙启才。曾桂 赵香兰 

薯 (中山医科大学临床药理教研室。广州510089，中国) 

锗 

力学 

逢三茎堡兰堕!垦!兰塑 
分光光度测定法 

A目的：比较口服不同剂量 B一羧乙基倍半锗氧化物 

{Ge一132)的药物动力学的规律 方法：三组健康 

志愿者(每组 8人)分别一次口服 Ge-132口服液 1 

(低剂量．LD)、2 5{中剂量．MD)、4{高剂量， 

HD)q·m- ．用原子吸收光谱法测定 24 h血浆锗 

和尿锗浓度．比较不同剂量 Ge-132的人体药 动 

学 结果 ：用药后，T {LD，1 2±O 7 h；MD。 

1 1±0 6 h；HD，1 2±0 5 h)、丁 {LD．5 2± 

1 2 h；MD，5 8±2 5 h；HD，5 5±1 4)和 C／／F 

{LD，33±12 L·h 0；MD，35±10 L·h一 ；HD．33 

±11 L·h )与剂量无关． 丁 在 0．75 h和2 h之 

间 c {LD．5 3±2 2 mg‘L_。；MD，13±5mg 

·L-。；HD，18±8 nag·L-。)和 AUC{LD，31±13 

mg。h。L一。；MD。60± 16 nag‘h‘L一。；HD一79±42 

m口·h·L_。)与剂量呈正相关 24 h尿锗排出量 占 

所给低剂量的 11+--3％、中剂量的 9±3％、高 

剂量的 6±5％ {用实际尿锗排 出百分数／F的公 

式计算)，与剂量呈负相关 结论：口Jl~Ge-]32后 

符合一级吸收和一级消除二房室模式；经肾脏排 

泄的锗约占口服量的 11％以下 

BⅢLⅢ ：IS'~N0253-9756 Acta ar丑】a∞Icg_啪 Sizica 中国药理学报 1996 sep；17 f5l：418—420 

Inhibitory effects of dextromethorphan on c-fos protein expression 
during focal cerebral ischemia in ra ts 

BAO Wei-Li．LU Shi．Duo，CHENG Jie—Shi。ZHANG An-Zhong - 

(StateLaboratoryofMedical Neurobiology，ShanghaiMedical University，Shanghai200032，China) 

KEY WORDS ∞ 陀b aI i9ch臼rnia；proto-oncogene 

proteins c-los； immunohistochem istry； dextro— 

methorpl*la~ 

AIM ： To study the effect of dextromethOrDhart 

(DM)in foceI cerebraI ischemia． M哐THoDs： 

The c-los protein was detected i丌TnLn0一 

histochemically in the brain of r8ts after foce I 

ce reb raI ischemia (induced by placing a nyIon 

thread in the Iumel3 of the interrlaI carotid artery) 

wjth and without treabnent with DM． REsI】I腮 ： 

FocaI ce reb raI ischem ia induced c-los protein 

expression outside the core territory of the middle 

ce rebraI artery(MOA)and neurorl~I damage in the 

co re territory of the MCA There was 813 evide nt 

expression of c-los protein in the  ipsilateral 

regions outside  the MCA territory (eg cingulate 
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co rtices。 pir帖 rm co rtices and entorhinaI 

co rtices)， and in lhe  co ntralateraI regions of 

hippoc~'npus after 4一h reperfusion foIlowing  1-h 

MCA occlusion ． But morphologica l results showed 

severe edema and negrorlaI damage in the co re 

territory and the  ipsilateraI hippocampt~s DM 

blocked both the  c-los protein induction an d 

neLirorlaI damage in alI regions． CONCLUSION： 

DM redLJoed c-fo~ protein expression and blocked  

the  n~uroflaI damage  after foce I ce reb raIischemia． 

Protc-oncogene proteins e-los can be induced 

by a variety of stimili， such as elevation of 

intracellular calci1．1i21 leve1．expOsUre t0 excitatory 

amino acid in vitro．and glutamate receptor agonist 

抽  ∞ 【 
． Lcca1 devaseuhximtion of cerebral 

cortex and global isch~aia result in transient e_如 

expression which is blocked by N--ritethyl·D· 

aspartate(NMDA)receptor antagonist【 ． Focal 
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