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ABSTRACT ' l-labeled human recombinant 1nter-
leukin-2 ('*T-rIL-2 was prepared by jodogen method
with rlL-2 ond Na'"' 1.  Product
Sephacrvl 5-200 gel filtrarion. Eluate fractions were
identhed by SIDS-PAGE and compared with standard
rll.-2.  Radivacrive 95 % purified '8I-rIL-2 fracrions
were selected for pharmacokinetic study . wich a specif-
e acuvity of 56 PBy - mol™'. Concentration-time
vurves after iv 75, 530, 603, and 6767 ng of '#I-rlL-
2/mouse were fitred ta a 3-compartment model . with a

fast distribution phase T of 2 min, a slow distribu-

was purified by

tien phase T . of 30— 120 min, and a terminal elimina-
tion T ;of 6 — 15 h.  AUC was linearly related ro che
dovage {r = 0.9998).
dependent of the dosages.

Systematic clearances were in-
SDS-PAGE of plasma and
urine samples showed that radicactivities due to ' 1-
rIl-2 were 81+13 %% (#=16) apd 9118 ¥ (n=3, at
4 h). respectively. 1T rIL-2 afrer im were
lower than those afrer iv. with bicavalability of 0. 57.
Time 1o peak concentration was about 1.1 b The

highest levels were seen at 15 min afrer iv in liver, bile

Ievels of

and kidneys . the concentration gradients were blood >
adrenals > plasma > lungs > thyroid > spleen > je-
uoum > mesenteric lymph nodes > jejunum contenrs
> avaries > heart > bladder > thymus > feces in
eolon > thigh skeletal muscle > testes > brain >
fat. Peak concentration rime n most [ssues were
found av 15 min, but at 4 b 1n the feces.  About 80 %
of the injected dase was excreted within the first 24 b,
only 5 % excreted in the second day.

KEY WORDS interleukin-2; pharmacokinetics: tis-
aue distribution; mice

Interleukin-2 (IL-2) i« a 15-kDa glvco-
protein produced by activated T cells.
it represents the second signal in lymphocyte

mitogenesis, being of prime importance in ihe

In viun

Received 1993-05-17 Acrepted [993-10-28

immune response. 1L-2 stimulates the lym-
phocyte transformation into lymphokine-acti-
vated killing or LAK cells. which lyse the -
mor cells but not normal cells.  Clinical treat-
ment including 1L-2 may become the therapy
of choice for tumors'"" and human acquired im-
munodeficiency virus {(HIV). 1n this paper
pharmacokinetics and tissue distribution of re-
combinant IL-2 {rlL-2) were studied in mice,
which were part of the preclinical srudies of

r1i-2 produced in our Academy.
MATERIALS AND METHODS

Todogen, synthesized by Prof LT De-Yu, Institute
of Pharmacology and Toxicology, Academy of Military
Medical Sciences (AMMS); Na'®'1, 0.74 (GBq+ml™'
(Department of Isotopes. China Institute of Atomic
Energy?; rIL-2 produced by the Biatechnology Inst,
AMMS™, No 2003, purity > 98 %, 2 mg-ml™"
Sephacry]l $-200 {Pharmacia}; other reagents, analytic
grade (Beijing Chemical Industiry Factory); ¥ counter
{ICLINKGAMM A, Pharmacial.

lodogen 50 pg in 100 ul chloroformn was trans-
ferred to a test rube and blown to dryness by N;.  Af-
ter adding ril-2 500 g and Na'**T 0. 37 GBq, shakmg
at 15 C for 30 min, the product was applied on 5-200
gel column maintained at 25 ( in a warer jacket. Gel
filtration condition; column 19 mm % 470 mm. elu-
ent; 0.05 % sodiom dodecyl sulMate phosphate buffer
pH 7.0
were detected by a ¥ counter.

solution 0.05 mol - L', Eluted fractions
1" I-rlL-2 was identi-
fied by comparing the sodium dodecyl sulfate polyacry-
lamude gel electrophoresis (SDS-PAGE)™! hehavior of

125]-rH1.-2 with those of standard rll.-2 and molecular
markers. After stained by Coomassie blue, cut out
the Ir1L-2 labeled lane and cut into 2. 5-mm_ pieces
for ¥ counting. The mosr purified fracrion was select-

ed for pharmacokinetic srudy.
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I.LACA mice (the Anmal Center of AMMS}, age
70 — obd. 3 22+ 3g, § 20+ 2 g Punfied **1-
rlL-2? was diluted by unlabeled rIL-2. 75, 530, 603,
or 6767 ng/mouse was v injected wn 0. 05 mi. Blood
was obtaimed at 1, 5, 10. 15, 30min, 1, 1.6, 2, 4.
B. and 21 h {rom post-ocular sinus venosus or femoral
artery. Three samples were taken {rom each mouse.
and each time consisted of samples from 5 o 6 mice.
Afier centrifugation. plasma about 100 pl was detected
by ¥ counter- Radicacrivity of injected | '**1-r1L-2 was
determmed simultanevusly for calibravion. Pharma-
cokinetics after im 530 ng/mouse was compared with
rhat at the same v dose. Porameters were estimated
by pharmacokinetic program 3F37.

Sixreen plasma samples collecred ar 15 min o 4 h
and 3 urine samples collected at 4 h were analyvzed by
SDS-PAGE. The

12']-rIL-2 were estumated according 10 elecrrophore-
sis behavior of rlL-2. Sample 7 — 10 pl was appled
on gel for SDS-PAGE. Sensiriviry {or idenrification of
#1-r1l.-2 in plasma by SDS-PAGE was 40 ngeml™".

Tissue distribution of '¥lrll-2 was studied after
v 603 ng/mouse. Each tune consisted of 3 ¢ and 3
At ¢.25. 0.5, 2, 1, 8, 24, and 48 b the

mice were killed by severing {emoral artery.

radioactivities corresponding  to

£ mice.
Samples
{rom blood, urine. various organs and rissues were

taken. Radicactivities were expressed as dpm/mg wet

tissue. The levels 1n tissues were compared vs those
in plasma by ¢ test.

Mice 4 and £ 3 each after iv "1-rIL-2 603 ng/
mouse were kept individually in merabolic cages-
Urine was absorbed on filter paper.  Ar B. 24. 32.

and 418 h urine and faces were collecred for ¥ counting.

RESULTS

_ Purity of prepared I-rIL-2 Radioac-
tive gel filtration profile indicated that com-
plete separation of ¥ I-rIL-2 with Na'® 1,
which were eluted at 18.7 — 22.8 ml and 109
— 217 ml. respectively. Commassie profile
of " I-tIL-2 fraction appeared as a single
band . its electropharetic behavior and molecu-
lar weight were the same as those of standard
tIL-2.  SDS-PAGE radioactive profiles of
fraction 13, 14, 15. and 16 indicated that ra-
dicactivities of rIL-2 were 87 % . 95 % . 95

a5 % purified
fractions were selected for pharmacokinetic

% . and 91 Y. respectively.

study. The estimated specific activity was 56
PBg-mol~'.
Pharmacokinetics of iv "*1-rIL-2 Con-
530.
603, and 6767 ng/mouse were best fitted with
The fast and slow dis-

tribution phase T, were < 2minand 0.5 — 2

centration-time curves after iv of 73,

3-compartment model.

h, respectively, The terminal elimination T, .,
was 6 — 15 h.  Area under curves (AUC)
showed a linear relationship with the dosages
{r = 0.9998, » = 4. P << 0.01).

matic clearances {C{) were similar in different

Syste-

doses.
Tab 1. Pharmacokinetic parameters of iv ' 1-riL-2
in mitce. =5 — 6

Dose 75 530 603 6767

(ng/mouse )

T, ../h Noa30 0012 4.024 0. 007
T/l 2. 05 0.111 1.53 0. 13
T):aih 9.4 4.4 6.0 11.8
K\;/h™! 17.8 32. 3 20.0 78.5
Kuafh™t 3.3 11.3 1.3 9.7
K., /h™ 0.63  17.2 1.8 12.0
Kau/h™! 0.13 1.6 0. 65 0,32
Kp/h™! 1. 27 2. 48 1. 49 2.59
V./ml G. 95 . 50 0. 65 0. 35
Ci/mlsh™? 1.21 1. 25 0. 95 . B8
AUC/ - 61.8 424.2 626.2 76925
ng-h-ml

Results of SDS-PAGE analysis Plasma

samples collected during 15 min to 4 h showed
that 'YI-r1L-2 was 81 &+ 13 % (n = 18) of
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the total radicactivities of plasma, Urine was
91 + 8 % (n = 3, collected at 4 h). Ra-
divactivities of plasma samples collected longer
than 4 h were too low te be detected in SDS-
PAGE analysis.
Pharmacokinetics of im
ma levels afrer im were remarkably lower than
those after iv. Concentration-time data were
best fitted with first order absorption one-

Maxima! concentration

compartment model.
(Coan) was 19 + 2 ng *ml™!, time to peak
(Toex) was 1.1 h.
same as thar after iv. The estimated bioavail-

ability (f) was 0.57 (Tab 2, Fig 1).

Elimination T, was the

Tab 2. Pharmacokinetic parameters of im '*1-rlL-2
530 ng/mouse in mice. n= 5§ — §.
Parameters Values

Tyzke/h 9. 22
T, sk /h 0,21
Tha/h 1.17
Cea i =ml™? 16. §
AUC/ngh-ml—! 243. B
E 0-57
V." /ml 16,7
L' /mlebhT 1. 26

" vy AUC of v 530 ng/mouse.
' after eorrection for bivavailahility.
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Fig 1. '**I-rIL-2 concentrations In plasma after iv

T8, 53). 603. and 6767 ng/mouse os im 530 ng/
mouse. n = 5§ — 6. xt=s.

"#[-rIL-2 Plas--

Tissue distribution of '"*I-rIL-2 Results
At 15 min after iv, the
highest levels were found in liver. bile, and

were shown in Tab 3.

kidneys, which were significantly higher than
those in plasma (P<Z0.01).
tion gradient of other tissues were blood >
adrenals = plasma > lungs >> thyroid >>
spleen > jejunum > mesenteric lymph nodes

The concentra-

>> jejunum contents > ovarnies > 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. On the contrary. levels in
bile, which were higher than those in plasma
at 2, B. and 24 h. decreased much slower.
Radioactivities in feces higher than those in
plasma, reached the peak at 4 h. Levels in
kidneys decreased more rapidly. Urine sam-
ple collected at 4 h was the highest among all.
Levels in cerebral cortex and fat were the low-
est, which were near the background level, in-
dicating that there may be blood-brain barrier
for % I-rIL-2,

drophobic tissues had to be relatively low.

or the distribution in hy-
Radioactivities in the lympho-immune tissnes
were not high, but decreased slowly and main-
tained for a relatively long time (Tab 3).
Radicactivities in thyroid gland at 15 min
was lower than that in blood. equivalent to
.6 + 0.3 % of the injected dose. They were
At 24 and 48 h
the levels remained much higher than those in
other tissues, being 16 + 8 % and 18 + 8 %
of the injected dose, respectively.
Excretion of I-rIL-2 in urine and feces
A total of 80 &+ 21 % of the injected dose
was excreted in the first 24 h, in which 70
+ 19 % through urine and 10 & 5 % through
feces. [Excretion in the next 24 h was 6
+ 2%, in which 4 &+ 2 % through urine and
2 1 % through feces.

jected radioactivities . including those retained

increased remarkably ar 4 h.

Total recovery of in-
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Tab 3. Distribution of radioactivities in tissues after iv '"“I-rIL-2 603 (1115 X 10" dpm ) /mouse. Each time point
T =23, % a=3; 5+s: P> 05, *P<_0.05. “P<0.01 vs plasma.

Radioactivities in tissues (dpm/mg wet tissue ) after iv

0.25h 0.5 h Zh 4 h 8h 12 h 24 h

Plasma 24551 140 1 8524477 10584580 11334595 5474333 82453 2547
Blood 3 315£370" 2 O0B3L6B0° 1 3984340° ] 0454317 52541977 137 452 274200
Hearr 10084 205* Qe+ 1T 503+t 53" 4024+ 92" 213473k 25t nts
Lungs 22254993 18074779 1125453 8974195 4004131 504 10* BT
Spleen 1 895£365" 14704248 665+ 117" 680+ 357" 4024315 52423 IYER TS
F;ﬁ:ﬁ‘;’o‘;’es [4734488°  B734410° 71042250 50078 247+ 1L 12+7 345
Thymus 855+ 167 9134250° 4984188 5384197t M7t102 1047 104§
Thigh muscle 38214 40° 3079 200+48" 185188 113+467 7t 3+
Brain 1624 48° 105+ 2¢° 52412 434 20° 23112 3ty e
Fat 1584 42° 934 58° 101+ 08 I72t3s 874 68° 1043 3t
Adrenals 2 807+1 182" 10704780" 60041367 387 +50¢ 370+ 335° 2342 748
Testes 262+ 105° BM0L258° 3081167 462+ 63 167+152° 17+7 745
Ovaries 1 053+237* TR+ 258" 432+38° 30211420 168+ 40° B+5* 1217
Liver 672042097 30074900 8204217 500+ {80° 327488 78+ 12" 80413
Ejlfbf;dder 647543 G81° 5 81745 870 445042 850° 1 86541 276" 1 190+465 70427 97452
Jepnom 14824387 1 103+140° 9784755 g5 2gr 333+157 2247 20413
;;’l?;ﬁ'r‘; " lesisre L usEIE 14sa)ssr 1 22741013 3534247 1843 ILES
Eff;; n 680 +370° 700342 BROE265° 2 0774863° 163741393 148+ 165" §8+42"
Kidneys 445341 388" 2 243+408° o SPTE3I | 790242 4324 148 70415 5345
Bladder 932306 1 160+241° 73R+ [90° 5381 168" 327+ 160" 12ty LR
Urine - - - 16 453 10 540° 13 45244 73¢° — -

Thyroid 2 0504914 - - 61 517157 4597 - 104 912452 456" 123 213 180 475°
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in thyroid. was 103 + 24 %.
DISCUSSION

Pharmacokinetics and tissue distribution
of bioactive protein become new research top-
ics . having not vet been studied comprehensiv-
L]

ely
cult.

Assay of low level of protein was diffi-
Bicassay of rlL-2 had been used in
pharmacokinetic study of rIL-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 {rom endogenous IL-Z or
other interferent. In this paper we used '*I-
labeled rIl.-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-
2 is prerequisite for a reliable study. In a pi-
1251 labeled protein,
whose electrophoresis behavior was different
from riL-2 in G-50 gel filtration eluate. 1In
order to remove it. we used highly parified
rllL-2. S-200 gel filtration, SDS-PAGE identi-
fication, and then the most purified {raction
was selected.

lot study, there was an

The resulting product was §5
% purified. The contaminated labeled protein
was in the 13th {raction, indicating that $-200
el filtration was an effective procedure for
rielding a high quality labeled rIL-2.
SDS-PAGE analysis of plasma and urine
samples was important for reliable studies.
The sensitivity of SDS-PAGE for detectidn of
BI-rIL-2 was lower than that of total
radioactivities. Results demonstrated that
81 + 13 ¥ and 91 + 8 % of the total radiocac-
l-rIL-2. At least
within 4 h, the radioactivities of plasma and
urine were mainly unchanged ‘% I1-rIL-2.
Linear pharmacockinetics of rIL-2 and bioavail-
ability after im were in accordance with those
of Konrad e af studied in human being'®.

tivities in samples were

The tissue distribution and excretion ex-
periments both demonstrated that the main ex-
cretipn {or rIL-2 was through urinary route in
an unchanged form. The existence of hepatic-
entero-feces excretion route was also remark-
able.

tration-time curves might be related to reab-

A small peak appeared &t 4 h in concen-

sorption of radicactivities in the intestine.
We could not detect high levels of rIL-2 in
lympho-immune tissues. It tremains unclear
whether the tissue distribution and excretion
profile of rIL-2 were only general 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 bipactive
The lower levels and
larger apparemt volumes of distribution ob-

served after im than those after iv indicated

protein growth {actors.

that the distribution pattern after two routes
might be somewhat different.
" The low detection rate of '¥#1 in thyroid
gland might be a shortcoming of the present
%] labeled method , in which no pretreatment
of unlabeled iodine was used. The results
seemed not serious during early stage {only
6 &+ 0.3 % of the injected dose at {5 min).
It is not clear whether this phenomenon might
somewhat be related to bio-degradation of the
protein'® or an artifact happened to the present
1#]_labeled protein method. Using radiocac-
tive tracing method in mice was easy to han-
dle. The shortcomings were obvious, includ-
ing couldn’t {ollow the kinetics in same mouse,
influence of blood sampling. The pharma-
cokinetic study of ! I-rIL-2 in rabbits carried
out in our lab showed that the results were
similar to mice.

REFERENCES

i1 Lotee MT, Rosenberg SA. Interleukin 2 as a pharmaco-
logic reagent- In: Kendall AS editor. Interleukin 2.
San Thego, Academic Press, 1988, 237 —94.


http://www.cqvip.com

.
« 5§ = BIBLID: ISSN 0253-9756

Acta Pharmacologica Sinica

PESFER 1994 Jana 15 (1) 7

—TH
2 Ban J. Song QS, Shan CW. Xie Y, Yu GY, Ma CU-;l gﬁ!ﬁkﬂﬂﬂﬂﬁg—z&;‘bﬂﬂgﬁ#ﬁﬁ#

The high expression of recombinant interlevkin 2 in E cofs
in barch culture.
Bull Acad Mil Med Sc1 1993 17 174—79.

3 TDonchue JH., Rosenberg SA. The fate of interleukin-2
after in vive administration.

J Immunol 1983, 130: 2203—4§.

4 Covagnaro JA. Applications of pharmacokinetic and
pharmacodynamic principles to protein therapeurics. 1In:
Kung AHC, Baughman RA, Larrick JW, editors. Ther-
apeutic proteins pharmacokinetics and pharmacodyna-
mices. MNew York: W H Freeman & Co, 1993; 1—38.

5 Laemmli UK. Cleavage of structural proteins during the
assembly the head of bacteriophage T,.

MNarture 1970; 227. 680—5. -

6 Konard MW, Hemstreet G. Hersh EM. Mansell PWA,
Kolitz JE, Mertelsmann R. e af.
recombinant interleukin 2 in humans.
Cancer Res 1990¢ S; 2009—17.

Pharmacokinetics of

BIBLID.: ISSN 0253-9756 Arta Pharmacologica Sinica

TRAEFER

Fo546

HAPA, M A& L, EF, R4S, Rikt!
(EEEFRFRAMNEFHAMAEE, 'SWTHE

WFETRT ; JbETL00850, RED K fé)ﬁ/

A WX lodogen B ETIrIL-2. MBI %. v

Ethl., BESNHOEE T.58% < 2. 30 — 120
e — 15h, AUCHHEREEK HTERFL 81
+ 13 %. imAWMFAIHECS?. iv 515 min FFEMN
FRF> B> >0 % LR > I - FARR
>H> IR EHEMNEDS-RRE>RR> LD
B>-EMR>#>NE>-F|A-E>E. 24 h HH
80 % H2 X5 %.

R SRR HWHHE BAIH, DR

1994 Jan; 15 C1): 56—59

Synergistic effect of probimane on anticancer cytotoxicity

of doxorubicin in vitro

ZHANG Yu, YE @i-Xia, LIU Jian, ZHANG Zheng-Yan, ZHANG Tan-Mu
(Department of Pharmacology Henan Institute of Medical Sciences, Zhengzhou 450052, China)

ABSTRACT Using 3-(4. S-dimethythiazole }-2. 5-

diphenyltetrazolium bromide (MTT) method, the ef-

fect of probimane (Pro) on doxorubicin {Dox) cytotox-
icity was studied. Pro 0. 313, 0.625, and 1.25
pg-ml™! potentiated cytotoxicity of Dox in Ehrlich as-
cites carcinoma (EAC) cells. TIncubation of EAC cells
with Dox 10 ug-ml™and Pro 116.5. 233. and 466
pg+ml ™! resulted in an increase in intracellular drug ac-
cumulation from 0. 69+ 0.06 to 1. 08 &+ 0. 10 pg/10”
cells. In Ss-bearing micés Pro 23.3, d6.6. and
116. 5 ug *ml™' enhanced the malondialdehyde (MDA)
formation in tumor and liver mitochondria aaa de-
creased MDA formation in liver mitochondria. These
results suggested that the increases of Dox accumula-
tion and MDA formatien in tumor cells by Pro might
be the reasons {or synergistic effect of Pro on Dox cy-
totoxicity. ’
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KEY WORDS doxorubicin; probimane; malondiade-
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Formaticn of free radicals of doxorubicin
(Dox) ¢n vitro may play a significant role in
killing tumor cell™-?. Dexrazoxane (bisdiox-
opiperazine compounci) was CcytotoXic to cer-
tain tumor cells and potentiated antitumor ac-
tivity' of Dox in murine Ly,, S180. and
HL-60 célls’**. Probimane {Pro), [d{-bis
(4-morpholinmethyl 3, 5-dioxopiperazin-1-yl)
propane ] first synthesized in China, is also a
dioxopiperazine compound with antitumor ac-
tivity™, reduced the cardiovoxicity of Dox by
scavenging the Dox-semiquinone free radical
and increasing the contents of SOD and GSH-
Px in rat heart™. We also found that Pro
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