
Acta Pharmacologica Sinica 中国 药理学报 

Pharmacokinetics and tissue distribution of human recombinant 

interleukin一2 in m ice 

TAN(；Zhong Ming。L1U Xiu—Wen，XU Lan Ping，SHAN Chuan—Wei ，SONG Qian—Sheng 

([)epartment of Pharmacotogy． Institute Radiation Medicine； Institute of Biotechnotogy 

Academy of Military Medical Sciences．Beijing 100850，China) 

ABSTRACT 1一labeled human recombinant 1mer— 

leukin一2 f。 1 rIL一2 was prepared by iod ogen method 

wirh rlL一2 and Na 0 I Product was purifled by 

Sephacry[S一200 gel filtration． Eluate fractions were 

ldentified by S1)s PAGE and corapared with standard 

rll 一2 Radioactive 95 purified I-rIL一2 fractions 

we selected for pharmacokinet[c study．with a specif- 

lc activ[ty of 56 PB ·mo1 ． 0,ncentration—time 

cu~v@s after iv 75．530，603，and 6767 of 0 I-rIL一 

3,／raotlse wPre fitted to a 3 compartment mode1：with a 

fast distribution phase T Lq of 2 min．a Mow distr[hu— 

t1on phase T1 1 of 3n一 120 min，and a tefIn I强1 elimina— 

tion? l 2 of 6一 l5 h． AUC was linearly related to the 

dosage (r 0．9998)． Systematic clearances Were；n— 

dependent of the dosages SDS—PAGE of plasma and 

u ri衄 samples showed that radioaet【vities due to 0 l— 

rII 2 were 81± 13 ( ： 16)and 91± 8％ ( =3。at 

|h j．respectively． I evels of 1 rIL一2 after ira were 

luwer tban those after V．with b 0avatklbimv of 0．57． 

Time to peak concentration wtqs about 1．1 h． The 

highest 1evels~vere seen at 15 min after i in 1iver。bile 

and kidneys．the concentration gradients were blood> 

adrenals> plasma> ~lungs> thyroid> spleen> j 一 

】unum > me m州 c lymph node~> je num comenTs 

> ovaries ) healyt > bladder > thym us > feces in 

colon > thigh skeleta【muscle > teste5 > brain > 

fat． I)eak concenn‘a r】0n tim e n most tissues were 

found at15min．but at 4 hlnthefeces． About 8O ％ 

of the njected dose was excreted within the first 24 h． 

only 5 excreted in the second day． 

KEY WORDS interleuk[n一2；pharmacokinet[es；tis— 

ue distribution；mice 

Interleukin一2 (11 一2)is a 1 5一kDa glyco 

protein produced by activated T ceils． In vivo 

it represents the second signal in lymphocyte 

mitogenesis，being of prime importance in the 

Received 1 993 05 12 

immune response． 1L一2 stimulates the 1ym— 

phocyte transformation into lymphokine—acti— 

rated killing or LAK cells．which lyse the tu= 

mor cells but not normal cells． ClinicaI treat— 

ment including lL一2 may become the therapy 

of choice for tumors and human acquired In— 

munodeficiencv virus (H1V )． In this paper 

pharmacokinetics and tissue distribution of re— 

combinant 11 一2 (rlL一2)were studied in mice， 

which were part 0f the preclinical studies of 

rIL一2 produced in our Academy． 

M ATERIALS AND M ETBIODS 

Iod ogen·synthesized by Prof LI De—Yu·Institute 

of Pharmacology and Toxicology。Academy of M ilitary 

Medica1 sciences (AM MS)；Na。 l，0．7,t GBq·m1一。 

(Department of Isotopes。 China Instirtire of Atomic 

Energy){rIL一2 produced by the Biotechnology Inst· 

AMMS ．No 9003．purity > 98 ％ 。2 mg·m【1。‘ 

Sephacryl S一200 (Pharmacia)‘other reagents·analytic 

grade (Beijing Chemical Industry Factory)：y counter 

(CL1NIGAMM A，Pharmacla)． 

1odogen∞ g in 100“】chloroform was trans— 

ferred to a test tuhe and blown to dryness by N2． Af— 

ter adding rIL一2 500 g and Na 1 0．37 GBq。shaking 

at 1 5 C for 3O rain，the product was applied on S一200 

get~ohtmn maintained at 25 C in a water jacket． Gel 

fihration condition：column 10 mm × 470 mm ，elu— 

ent：O．05％ sodium dodecyl sulfate phosphate buffer 

solution 0．05 mol·L～ ． pH 7．0 Eluted fractions 

were detected by a counter． 0 I rlL 2 was,identi— 

fled by comparing the sodium dodecyl sulfate polyacry一 

1amide ge【electrophoresis fSDS-PAGE) 0 behavior of 

I-rIL一2 with those of standard rlL一2 and molecular 

markers． Aher stained by Coomassie blue，ctlt OUt 

the 【 I-rⅡ 一2 labeled lane and cut into 2．5一mm tces 

for 7 counting． The mosr purified fraction was select— 

ed for pharmacokinetic srudy． 
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LACA mice nhe Animal Center of AM M S)，age 

70— 90 d． 22± 3g，阜 20± 2 g． Purified ” l— 

rlL一2％vas diluted by unlabeled rlL 2 75，530，603， 

or 6767 ng／mouse was iv injected in 0．05 m1．Blood 

was obtained at 1，5，10 J5 30min，1，J 5 2．4， 

8，and 24 h from post～ocular sinus ven0sus or femoral 

artery． Three samples were taken from each mouse， 

and each time consisted of samples from 5 to 6 mice． 

After centrifugation，plasma about 100 was detected 

by 7 counter． Radioactivity of injected 。 I-rIL一2 was 

determined simultaneously for calibration— Pharma— 

cokinetlcs after im 550 ng／mouse was compared with 

that at the saree iv dose． Parameters were estinmted 

by pharmacokinetic prpgram 3P87． 

Sixteen plas|na samples collected at 15 rnin to 4 h 

and 3 urine samples collected at 4 h were analyzed by 

SDS—PAGE． The radioactivities corresponding to 

。“l-rlL一2 were estimated according to electrophore— 

sis behavior of rlL一2- Sample 7 — 10 1 was applied 

oft gel／or S【)S—PAGE． Sensitivity／or identification of 

1-rlL一2 in plasma by SDS PAGE wihs 40 ftg·mr 

Tissoe distribution of 。 I rIL一2 was stnd ied after 

iv 603 ng／mouse- Each time coosNted[】f 3舍 and 3 

早 mice． At 0．25，0．5。2，4，8，24，and 48 h the 

mice were killed by severing femoral artery． Sa mples 

from blood，urine，various organs and tissues were 

taken— Radioactivities were expressed fts dpm ／mg wet 

t【saue． The Ievels in tissues were compared vs those 

in plasma byttest． 

Mice 0 and旱 3 each afteriv 1 rlL 2 603．g／ 

mouse were kept individually in metabolic cages． 

Urine was absarbnd 0n litter paper． At 8 24， 32， 

lnd 48 h urine and faces~st,ere collecred for coullting． 

REsULTs 

Purity of prepared ”l-rlL一2 Radioae 

tire gel filtration profile indieated that corn— 

plete separation of 125 I-rlL一2 with Na I． 

which were eluted at 18．7 — 22．8ml and 109 

— 21 7 ml—respectively． Commassie profile 

0f I-rlL一2 fraction appeared as a single 

band，its eIectrophoretic behavior and molecu一 

1aT weight were the same as those of standard 

rlL～2． SDS-PAGE radioactive．profiles of 

fraction 13，14，15，and 16 indicated that ra— 

dioactivities of rIL一2 were 87 ，95 ％，95 

， and 91 ， respectively． 95 purified 

fractlons were selected for pharmacokinetic 

study． The estimated specific activity was S6 

PBq·mol一 
of iv 2sI rIL 2 Con 

centtation—time curves after iv of 75， 530， 

603，and 6767 rig／mouse were best fitted with 

3 compartment mode1． The fast and slow dis— 

tribution phase T1．2were< 2 min and 0—5— 2 

h，respectively． The terminal elimination 7 m 

was 6 1 5 h． Area under cu rveg (AUC) 

showed a linear relationship with the dosages 

(r 一 0．9998，n 一 4，P < 0．01)． Syste 

matic clearances(( )were similar in different 

doses． 

Tab 1． PImrmacokiaetic param eters or iv 1-rlL一2 

fn mice ^ 一 5 — 6． 

Results of SDS—PAGE analysis P Lasma 

samples collected during 15 min to 4 h showed 

that jI-rIL一2 was 81± 13 ％ ( 一 16)of 
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the total radi。activities of plasma， Urine was 

91 ± 8 ( 一 3，collected at 4 h)． Ra 

dioactivities of plasm a samples collected longer 

than 4 h were too low to be detected in SDS— 

PAGE analysis． 

0f im ’ I-rlL一2 Plus— 

ma 1evels after iIn were remarkably 1ower than 

those after iv． Concentration time data were 

best fitted with first order absorption one— 

compartment mode1． M aximal concentrati0n 

(( )was 19 ± 2 ng·m1 ．time to peak 

tT )was l-1 h． Elim ination 7’1 2 was the 

same as that after iv． The estimated bioavail— 

ability(，)was 0．57(Tab 2，Fig 1)． 

Tab 2- Pharmacoklnetic param eters of im I-rlL-2 

530 ug／mouseinmice． = 5 — 6． 

Param eters Va1 

丁】2K ，h 

丁 ，h 

丁一L／h 

(、一  g·m r 

AUC／ng·h-m1 

／ml 

CL ／m卜h 

9．22 

0，21 

1．J 7 

l6．8 

243．8 

0．57 

J6，7 

l，26 

j AU C of iv 530 ng
．

／mouse 

after correction for hioavailahility 

Fig J· I-rIL一2 concentrations In pllsma after iv 

75， 530， 603， and 6767 ug／mouse w  im 530 ng／ 

moIlk$~． = 5 — 6，i士 ． 

Tissue distributlon of ‘ l-rlL一2 Resuhs 

were shown in Tab 3． At 15 min after iv，the 

highest 1evels were found in 1iver，bile，and 

kidneys，which were significantly higher than 

those in Plasma (P< 0．01)． The concentra— 

tion gradient of other tissues were blood > 

adrenals > plasma > lungs > thyroid > 

spleen> jejunum > mesenteric lymph nodes 

> jeiunum contetlts > ovaries > heart > 

bladder > thymus > feces in colon > thigh 

skeletal muscle > testes > brain > fat． 

Levels in liver decreased more rapidly than 

those in plasma． At 4 h they were lower than 

that in plasma． 0n the contrary． 1evels in 

bile，which were higher than those in plasma 

at 2，8．and 24 h，decreased much slower． 

Rad；oactivities in feces higher than those in 

plasma，reached the peak at 4 h． Levels in 

kidneys decreased more rapidly． Urine sam— 

pie collected at 4 h was the highest among al1． 

Levels in cerebra1 cortex and fat were the low． 

est．which were near the background leve1．in— 

dicating that there may be blood—brain barrier 

for I rIL一2， or the distribution in hy— 

drophobic tissues had to be relatively low． 

Radioactivities in the lympho—immune tissues 

were not high，but decreased slowly and main— 

tained for a relatively long time (Tab 3)． 

Radioactivities in thyroid gland at 15 rain 

was lower than that in blood，equivalent to 

0．6± 0．3 oftheinjected dose． Theywere 

increased remarkably at 4 h． At 24 and 48 h 

the 1evels remained much higher than those jn 

other tissues，being 16 士 8 and 18士 8 

of the injected dose，respectively． 

Excretion of 1．rlL一2 IⅡ urine and feces 

A tota1 of 80士 21 of the injected dose 

was excreted in the first 24 h， in which 70 

士 19 through urine and 10 士 5 through 

feces． Excretion in the next 24 h was 6 

士 2 ， in which 4士 2 through urine and 

2 士 1 through feces． Total recovery of in- 

jected radioactivities，including those retained 

- 

P  { 一 
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T ab

．

&

一 ，

Dtst

。

r。h tio n oft adi。 “V_ties_n t

。

issu姻 atteriv I—rIL．2 603(IIISX10‘dpm)／toous e． Eachtime p0jnt 

0 一3，旱n一3；i士 ； ‘P>O．0气，。p<01 05．cP<o．Ol懈p-咕ml_ l‘⋯ ⋯ 。 哪小 

Radioactivlties in tissues(dpm／mg wet tissue
．)n er iv 。

·25 h 0-5 h 2 h 4 h 8 h ‘ ；h 24 h 

P Lasma 2 455~1 140 i 852 E477 1 058~580 1 133-+595 

Bl 3 315 E310‘ 2 083+-680" 1 393~340- 1 o45捣  

} “ 1 008+
-- 205 928+- 177 503-~53 402-~92 

L g 2 225+-993 1 807~777。 1 125+-533- 897
--+ i9 

Spleen 1 895-+365- 

【

M

m

es
Dhent

n

e

。d

tic

es 
1 473~488 

Thymus 855+-16r 

1 470士248‘ 

813士410 

665士117。 

710±225‘ 

680±357 

500士78 

525±i97 137士5 

402士315‘ 

247士 110‘ 

913-3_250 498-+]88~ 538-+197 7JclO2n 

Thigh muscle 382-+]0 302"-+9~ 

B怕in 

Fat 158士42 

105士20c 

朝 士S 

2∞ 土4 185+-88" 

52士l 43~2~e 

]01-+108~ 172+-38 

Adrenal8 2 807-+ i 182" 1 010~180。 600~367- 387±
50 

113士67。 

23土1 

87± 68 

370士335。 

25~8 

50~10’ 

52+-23’ 

】2± 7c 

lO-+ 

7士 

3士2 

10士3 

23~2 

l ‘ 262±105 340+-258~ 308~167 ]62-+63- 167-+152 
c 】7+ 7 

lJva 1 053-+237b 728-+258~ 432+-88 302+-142" 
168±4。I 8±5 

Liver 6 720+-2 3 007+-900‘ 820-+21 7‘ 500-+

．

180 327~88~ 78± 1 2_ 

gal Lb[adder 6 4_5+3 68I 5 817：{：5 870"4 450+-2 850 1 865-+ 1 276- 1 190-+465 7
0+27． 

Jejunum l 482-+387' 1 i03+-140r 978+-755‘ 665-+267‘ 
333±】s7- 22±7 

j

C

ej

o

u

n

n

t

u

en

m

t m l 4。3土 37 1 l
18±378 l 458土 1 68 3_ l 227士1。l 353士24 18± 

colon 68吐 3 700~342 g20+-265 2 077~863 】637+-]3
93a 】48± 

d“ 4 453~1 388 2 243+-808~ 977+-337‘
． 
790-+g4g- 432士l48I 7D+15。 

B【 dd 932+-3~ 1 16'3+-241 I9 5
38：}：168 321：：E160" 12+- 。 

Utt~e 一 
一  

一  16 453-+1"0 54~e 13 452±4 736 
一  

Thyroid 2 059：E914 
61 517+-57 459 一 104 912+-52 456c 123 213

：E60 475e 

一 啦 
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inthyroid，was 103士 24 

DISCUSSION 

Pharmacokinetics and tissue distribution 

of bioactive protein become new research top— 

ics，having not yet been studied comprehensiv— 

ely⋯ ． Assay of low level of protein was diffi 

cult． Bioassay of rIL～2 had been used in 

pharmacokinetic study of rIL一2。 ．a rapid drop 

immediately after an iv bolus could be detect— 

ed，but the elimination phase was beyond the 

sensitivity of the assay ． Bioassay could not 

differentiate rIL．．2 from endogenous IL—．2 or 

other jnterferent． In this paper we used I— 

labeled rlI 一2 and SDS—PAGE analysis to over— 

come the difficulty， and the sensitivity and 

specificity of the assay were satisfactory 

Preparation of highly purified labeled rIL一 

2 is prerequisite for a reliable study． In a pi— 

lot study，there was an I-labeled protein． 

whose eleetrophoresis behavior was different 

from rlL一2 in G一50 gel tihration eluate． In 

order to remove it， we used highly purified 

rIL一2，S一200 geI filtration+SDS-PAGE identi— 

fication．and then the most purified fraction 

was selected． The resulting product was 95 

purified． The contaminated Iabeled protein 

was in the i3th fraction，indicating that S一200 

；el filtration was an effective procedure for 

Aelding a high quality labeled rIL一2． 

SDS—PAGE analysis of plasma and urine 

samples was important for reliable studies． 

The sensitivity of SDS—PAGE for detecti6n of 

I-rIL一2 was lower than th~)t of total 

radi0activ_ties． Resuhs demonstrated that 

81 ± 13 and 91士 8 ofthetotaltadioac— 

tivities in samples were I-rlL一2． At least 

within 4 h，the radioactivities of plasma and 

urine were mainly unchanged ]25 t-rIL一2． 

Linear pharmacokinetics of rIL一2 and bioavail— 

ability after im were ln accordance with those 

0f Konrad et al studied i11 human being ”． 

The tissue distribution and excretion ex— 

periments both demonstrated that the main ex— 

eretbn for rIL一2 was through urinary route in 

an unchanged  form． The existence of hepatic— 

entero—feces excretion route was also remark— 

able． A sinail peak appeared  at 4 h in concen— 

tration—．time curves might he related to reab—- 

sorption of radioactivities in the intestine． 

W e could not detect high levels of rIL一2 in 

lympho—immune tissues． It remains unclear 

whether the tissue distribution and excretion 

pr0file of rIL一2 were only generaI characteris— 

tics of low molecular protein or there may be 

some unique feature for rIL-2 “． Obviously， 

it will be very interesting to make a compara— 

tive study with other recombinant bioactive 

protein growth factors． The lower levels and 

larger apparent volumes of distribution 0b． 

served after im than Ihose after iv indicated 

that the distribution pattern after two routes 

m ight be somewhat different． 

The low detection rate of ’ I in thyroid 

gland might be a shortcoming of the present 

I-labeled method．in which no pretreatment 

of unlabeled iodine was used． The results 

seemed not serious during early stage (only 

0．6士 0．3 oftheihiected dose at I5mitt) 

It is not clear whether this phenomenon might 

somewhat be related to bio—degradation of the 

protein‘ or an artifact happened to the present 

I-labeled protein method． Using radioac— 

tive tracing method in mice was easy to han- 

dle． The shortcomings were obvious．includ— 
ing couldn't follow the kinetics in same m ouse， 

influence of blood sampling- The pharma= 

cokinetic udy of rIL．2 in rabbits carried 

out in our lab showed that the results were 

similar t0 mice． 
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Synergistic effect of probimane on antieancer cytotoxicity 

of d0x0rubicin f vitro 

ZHANG Yu，YE Qi—Xia，LIU Jian，ZHANG Zheng—Yan，ZHANG Tan—Mu 

(Department of Pharmacology Henan Institute of Medical Sciences,Zhengzhou 450052，China) 

ABSTRACT Using 3-(4，5-dimethythiazole)-2，5一 

diphenyltetrazolium bromide (MTT)method，the el- 

fact of probimane(Pro)on doxorubicin (Dox)eytotox- 

icity was stod ied． Pro 0．313． 0．625． and 1．25 

Pg·ml potentiated cytotoxicity 0f Dox in Ehrlich as— 

cites carcinoma (EAC)cells． Ineubation of EAC cells 

with Dox l0 ， -t a Pro l16．5， 233，and 466 

·ml一‘resulted in an increase in intracellular drug ac— 

cumulat n from 0．69土 0．06 to 1．08土 0．10 m~／lo 

cells． In 岛7-bearing mic ， Pro 23．3， 46．6，and 

116-5 ·m17 enhanced the malondialdehyde(MDA) 
formation in tullRor and liver mltochondria a 1d de_ 

crea sed M DA formation in liver mitochondria． These 

results suggested that the increases of Dox aogumula， 

tion and MDA formation in t klmor cells by Pro might 

be the reasoEt~for syner gistic effect of Pro on Dox cy— 
tOtOXlcity． ● 
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KEY WORDS doxorubicin probimane malondiade 

hyde；cultured tumor cells drug synergism 

Formation of free radicals of doxorubicin 

(Dox)in vitro may play a significant role in 

killing tumor cell“· ． Dexrazoxane (bisdiox一 
● 

opiperazine compound) was eytotoxie to cer- 

tain tumor cells and potentiated antit~amor ac— 

tivity'of Dox in murine L121o， $1'80， and 

IlL．6O，cells~s．．-． Problr~ne(Pr0)， [al—bis 
(4-morpholinmethyl 3。5：diox0piperazin-1-yI) 

propane]first synthesized in china，is also a 
dioxopiperazine compound with antitumor ae— 

tivity~”，reduced the eardiotoxicity of Dox by 

scavenging the Dox—semiquinone free radieaI 

and increasing the contents of SOD and GSH— 

Px in rat heart · ． W e also found that Pro 
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