3h-vi,

s dd . BIBLIG: 158N 0253-9750

Acta Pharmacolugiea Sinica

o4

FEEZEM 1997 Jan; 18 (11

Ll e R b e XA Sro v kRl
B 74 I W4 6 R o g 2 AR .
Ri13+2

EER. BRA, B %, HILE,
B o Taokh, dEidciE
(FEH R EESHYWFREA. L5 200031, FE)

X@iN ATHR; BB SROBZE; BHE;
EW-EEXR, ATHE
AT

BRY: RR—MRERK=-SLNBINEEH
HBROFTE. Fik: 4REHARARAITEAR

bt

BIBLID . [38N 0253-9756

Acta Pharmacologica Sinica TE#Z S

H—RES T E(Dock) FEE, RITRBRT —F
RBRE=ANEINEI T TEENRO T
%, ER. MAEX—-F%, RIBIHTHBREK
RWEm D HARNFENR, BHILER, RN
F4F ¥ &, TRT BRI BR300 B R A ¥E i
MR am £t HRNSRRE, XXRNN

HEFMROENESRSENNEEZAER

FRMExE, TRARMIIATENTRE. ®
B, PRI 44 B8 T O M 4 X BB IR Ak 3 5 I g 40 A
A9 fERIYLE.

1997 Jan: 18 {1); 44 - 48

Pharmacokinetics of recombinant human granulocyte
colony-stimulating factor in rabbits and mice

LIU Xiu-Wen. TANG Zhong-Ming' ({ Department of Pharmacology, Institute of Radiation Medicine,
Academy of Militury Medicul Sciences, Beijing 100850, China)

KEY WORDS granulocyte colony-stimulating
factor; gel chromatography; pharmacckinetics

AIM: To study the pharmacokinetics of recom-
binant human granulocyte colony-stimulating factor
{ thGCSF) in rabbits and mice, METHODS:
1251 rhGCSF was prepared by iodogen method and
determined by size exclusive HPLC { SEHPLC).
RESULTS;: Concentration-time curves after iv
B1.rhGCSF in rabbits were best fitted with 2-
compartment open model. The a and terminal
elimination T% were 0.25-0.33 and 3.2-4.6 h,

respectively. AUC increased with doses, and i,
and Klg were similar, Tpeak was 0.59 £ 0.25 h
after sc, and elimination T% was similar to that
after iv. The bicavailability after sc was 1.0. In
mice the highest level was found in renal system,
the next was bile-enteric system. Levels in lymph
nodes, bone marrow, end spleen  were
approximately equal to or slightly lower than that in
plasma, while the levels in brain, fat, and muscles
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lowest. About 68 %-86 % were
recovered in urine and feces. CONCLUSION:
Pharamcokinetics of **I-thGCSF in rabbits and
mice provided & useful index for clinical trial.

were the

Granulocyte colony-stimulating factor { GCSF)
18.8 LkDa

proliferation of bone marrow precursor cells and

is a stimulates the

protein that
their differentiation into granulocyte colonies. The
bacterially synthesized recombinant human GCSF
{rhGUSF ) supports the formation of granulocyte
colonies from precursor cells. In this paper the
pharmacokinetic profile of thGUSF!'* was studied.

MATERIALS AND METHODS

lodogen. synthesieed by Prof LI De-Yu of the Institute
of Pharmacology and Toxicology. Academy of Military
Medical Sciences. Na'>* [, 0,74 TBgq -+ L' { Amersham,
radiuchemical purity 99.4 %, specific activity 577.2 TBq/g
ol iodine ), thGCSF was produced by Associate Professor
CHEN Hui-Peng ( batch number 9403, purity >98 % . 0,83
g L 'in0.60 mL} in uur Institute of Radiation Medicine.
Sephactyl 5-200 HR (Pharmacia}; Protein-Pak 125 column,
Waters, packed by Dahan Elite Scientific Instruments Co. [D
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1D mm - 30 em.  Other reagents were of AR ( Rejing
Chenucal Indusiry Factory . 7 counter ( Clinigamma,
Pharmacial .

Iodogen 20 pg in I00 pl chlorofurm was blown o
Aler adding thGCSF 498 pg and Na'*'1
185 MByg in 50 L, sheking at 20 C for 30 min. the reacinin

mixture was applied on 5200 volumn,  Gel filtratin

drvness with Na.

conditwn ; column 10 mm = 92 em., eluent: Trs-HC| bufler
10 mmol-L~'. pH 8.1, containing edetw acid 2 mmal-L ™",
flow rate 7.5 mL+h™'.
The eluted fraction with chromatwgraphic behavior

Eluted fractions were detected by ¥
COUTTET.
as standard thGCSF, was identified by sizv exclusive high
performance liqud chromatograpbhy {SEHFLC). The result
of 3200 gel filtration indicated that '**[-thGCSF and Nal**I
were eluted at 167 — 196 mlL and 300 - 398 mL,
respectively.  The recovery of radicactivity was 93.5 %.
The SEHPLC behavior of "“SI-thGCSF appeared as a single
radicactive peak. The retention volume was the same as
standard unlabeled rhGCSF {induding Batch No 9403 and
standard from Amgen-Kirn )
-0.8 % (n=235) The speaflic activity of prepared
1. rh(3CSF was 3.6 TBq - mol™'. The most purified
fractions were selected for pharmacokinetic study.

LACA muce bred in Animal Center of Academy of
Military Medical Sciences., weighted 22+ 5 2 g.  Each group
cansisted of 3 1 and 2 §  Each mouse was injected iv
"I.chGGCSF 2.5 pg (48.7 kBq. about 125 pgekg™'1. At
0.167. 0.5, 1.5, 4.0, 8.0, and 24 h alter iv injection.
Samples from blood, urtne. and 22 organs or tissues were
The plasma and urine were analyzed by SEHFLC.

S rhGCSF main pesk wn
samples was converted to

Radioactive punity was 96.3

taken.
The % of radicactivities of
SEHPLC profiles in  the

IBLrhGCSF  in plasma. The analysis effectively
discrimmmnated thGCSF from ovalbuoun, rhlL-2, EGF, small
molecular amino acids and [7.  For detection of very low
actrvity sample, the detection time was set at 5 min. The
detection Limit for " I-thGCSF was 10 pg* L™ in plasma.
Ar8. 24,32, and 48 b
urine and feces were collected for ¥ counting.

Rabbits (n = [6] produced by Animai Center of
Academy of Military Medical Seciences, aged 70 — 90 d.
wetghing 2.5 = 0.2 kg, were divided randomly, with 2 1
and 2 % in each group. Each rabbit was injected 1.6 mL
comaming ¥ [-rhGCSF + unlabeled thGCSF 15, 30. and &0
pe kg ™' for o group and 30 pg-kg™! for sc group (II8.7
kBg<rabbit ). Rabbit plasma obtained at 5, 5. 30 min, I.
1.5.2.0, 4.0, 6.0, 8.0, 12.0. and 24 h was determuned
for "*[-rhGCSF.  The rabbit urine and feces were cullected
for assay of ¥ radwactivity. The '**I-thGCSF concentra-

Urine was absorbed on filter paper

tion-time Jdata were fitted with computer program 3p87.
RESULTS

Biodegradation The SEHPLC profiles of

plasma taken at 0. 167, 0.5, 1.5, 4. and 8 h afrer
iv ' LrhGCSF showed that the 'PLrhGUSF

peak area decreased with time, and smaller

maolecular  fractions  relatively  increased. The

radicactivitv of plasma taken after 8 h was too low

for reliable SEHPLC awsav ( Fig [).
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Fig . Protein-Pak 135 SEHPLC profiles of plasma taken

at0.67h{C) ), 0.5h (), [.5h{@I.4h{X |, 8h
(M) after iv "™LrhGCSF 2.5 pg/mouse(n =5, ¥+ s).

125). thGCSF  con-
centration-time curve assaved by SEHPLC in mice

Pharmacokinetics The

was best described by 2-comparument model with «
and terminal half-lives of 0.49 = 0.17 h and 3.9
+2.6 h, respectively {(Tah 1).

Distribution of radioactivity in tisswes The
radicactivity in urine, urinary bladder, kidnev.
bile. and gallbladder were higher than that in
plasma at 10 min following administration. The
concentration gradients were ovaries > blood >
adrenal glands >>skeletal muscles > heart > thymus >
intestinal content > lungs > mesentery lymph nodes
> spleen > hiver > jejunum > [at > feces in colon >
testes > brain. The radicactivity in thyroid was
only 0.2 £ 0.1 % of the injected radioactivity.
The radioactivity was the highest at 10 min after iv,
but those in except spleen, thymus, intestinal
content and feces in colon reached their peak at 30
min after injection { Tab 1).

SEHPLC behavior of urine collected at 1.5 and
4.0 hfoundthat 9423 % (2 =2) and 90+ 3 %
{(n = 4) appeared as '*’1-rhGCSF, respectively.
The metabolites increased with time.  The

accutnulation of '*1 in thyroid increased markedly
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Tab 1. Radioactivity distribution in tissues { Bq/g tissne) after iv '**I-rhGCSF (125 pg-kg™', 48.7 kBq/mause).

n=5(3%,2%). "P<0.05 and °P <0.0l vs plasma.

Tissue 10 min 30 min 1.5h 4 h Bh 24 h Bqﬁgi’l
Bone marrow (Bq/femur) 109 33 66+ 31 4745 2619 B+11 6.5t6.7 -
Brain B.5+3.6° 11 10° Bl 4.7+2.20 0.7£0.5° 1.2+0.6° 58
Muscles 139~ 185* 2118 18+7° 1316¢ 10+5° 1.2%1.0 278
Heart 103 = 45° S48 312 156" 10.121.7 3.0t1.1* 253
Fat 61 +47° 54452 20+ 14 167 9.812.5 2.5¢1.2 296
Tejurtum 62+ 22° S4t1R 29+ 10¢ 18 49" 15+12¢ 3.5t2.8° 340
Liver 88 +31° 65 11° 35+9° 18 6" 17t11° 4.4+1.9° 353
Mesenteric lymph nodes 90 +37° 77425 §1 = 16° 23 £7" 16t a¢ 3.3+1.8 17
Testes 36£2° 65 1 39° 46+ 7" 237 1Bt3® 3,227 420
Owaries 154 = 108 B4 37+ 120 217 160" 3,013, 7 438
Lungs 130 £ 63* 97 1 26° S210° 20+7" 2243 4.1%1.6 533
Adrenal gland 13975 108 * 56° 42+ 60" 68 +43° Bt6° g+ 10 357
Spleen B8 + 30° 114 1 54 65+ 22" 358" 11.012.4 4.1+2.9° 573
Kidneys 407+ 222* 117 28" 58+15° 32+1% 2148 4.5+3.2 647
Blood 147 £ 57 109 + 14¢ 68 +22° 36£14° 2715 4.9+3.6 660
Plasma 22+7 175+34 97+25 50+ 18 W7 g5 5977
Imestinal content 132 + 5" 186+ 58* 89+ 14" 50+ 18° 46116 1+1p 1033
Thymus 136 + 65" 156+ 124" 60117 46+ 25* 70 1 66* 55143 1160
Feces in colon 561 26° 129+ 54° 72118° 112 £ 50% 108 £ 55" 29+19b 2238
Gallbladder & hile 451t 227 433 £304° 285 141" 200 t 8" B3 69" 12+ 16" 215M
Bladder 1199£1423* 9551796 151188 206 + 310* 159 69" 716 3553
Uring 6776572301 7195%7 872" 10801274 Tad1 447 1134E1812° 153+ 2407 23INS
Thyroid §55 446" 2963+2214% 706313 610° 14 771110 422° 711213007 20 4661 10 664° 131 150

with time and reached its highest level B£ 6 % at 24
h. This phenomenon revealed the biodegradation of
'B1.rhGCSFE again.

Excretion At 24 h after iv the radicactivities
recovered from urine and feces were 70 £ 19 % and
2.60+£0.20 % of the injected dose, respectively.

Pharmacokinetics after iv and sc injections of

'3].rhGCSF in rabbits  Plasma '*I-thGCSF
concentrations after iv and sc of '**I-rhGCSF were
shown in Fig 2. The curves after iv were best fitted
with two-compartment model as in mice.

The areas under curves (AUC) were almost
linearly increased with dose { r =0.936, n =3, P
>0.05),
similar in different dosages. The deposition of

151 rthGCSF could be considered nearly linear
pharmacokinetics in the dosage range studied. The
time to maximal concentration was 0.59 £ 0.25 h

after sc of '2*I-rhGCSF,

Systemic clearance (CI,) and K, were

and elimination rate

500
5 RO
] “T_ ﬁi_-—'_'—'—-—__s
-3,‘].00 . LTI X., L
BN e,
L o) é 1
£ e e X
P S ! :
o N
lc"' L] L L] T L §
i} 1 2 3 4 5 6
Time/h
Fig 2. rhGCSF in plasma after iv 15 pg kg ' {O),

Wpgkg " (@), 60 pg-kg " { %), or sc 30 pg-kg” (1)
of *I-rhGCSF.

constant was approXimeated to those after iv.
Bioavailability was 1.0 (Tab 2).
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Tab 2. Pharmacokinetic parameters of '*I.rhGCSF in rabbits. 2 =4, T t5.

Paremeters iv 15 pg-kg™! iv 30 pgrkg™! iv 60 pgrkg™! sc 30 pgekg !
TL1./h 0.25+0.16 0.29x0.13 0.34+£0.14 -
Tq'.',/h 4.2+1.7 4.612.3 3.2+£0.7 3.7+£201
V./L kg ! 0.21+£0.09 0.20120.07 0.23+0.04 0.201£0.04
AUC/mg-h-1.7? 215+ 42 519 +241 683 £ 159 526 £ 164
Cl/Loh tekg? 0.072+0,014 0.067 +0.027 0.091+0.018 0.063+£0.023
ko /h 3.4=4.4 1.31£0.4 1.3+0.7 -
klz/h_l 3x5 1.3+1.1 0.9:0.4 -
kyy/h? 0.41+£0.25 0.37£0.18 0.40+0.09 -
th#/mg‘L_l - - - 95+11
Tk /1 - - - 0.6+0.2
F, - - - 1.0
Lag Time/h - - - 0.02 £0.03

The recaveries of radinactivity in urine and feces
About 66 % — 84 % of the
injected radicactivity was excreted in urine, only
0.4 % —-0.9 % in feces.

were listed in Tak 3.

DISCUSSION

One important challenge in the research of
pharmacokinetics of peptides ar proteins is about the
method for assay. Bioassays and immunoassays are
methods most often used, but are often nonspecific,
inaccurate and imprecise. Specifically, these assays
do not necessarily detect the structurally intact
molecule> *).  One disadvantage of radiclabelling
methad is the labeled amino acids liberated through
catabolism that limits the use of labels in studying
the disposition of peptides and proteins in animals

and human'? 47,

Harris et af successfully used size
1351-labeling
method to investigate the catabolism of recombinant

biological

exclusion HPLC combining with

plasmonogen  activatar  in

samples'1%) .

The pharmacokinetics of rhGCSF had been

tissue

by using bioassaym, sandwich

(6]

extensively studied

enzyme-linked immunosorbent assay'®’, and solid-

Gl In this paper we
exclusion HPLC
131 thGCSF

The results

phase radicimmunoassay
used '**I-rhGCSF
combined method to assay the plasma

and size
concentration in rabbits and mice.
showed that there was obvious biodegradation of
*1.thGCSF in the body, indicating that it is
necessary to incorporate a HPLC method ta enhance
the resolution of the general radiolabeling method.
The AUC, (!,, and terminal half-life were very
close to that reported by other methods®%.

The excretion of 'PI-rhGCSF in mice was
very similar to the data of '**I-rh-IL2 reported by
our Lab, and similar to low molecular peptides or
proteins. The major route of excretion is renal-
urinary system, the excretion through feces is less
than 1 %.

failure on the pharmacokinerics of rhGCSF™® is

The influence of renal and hepatic

consistent with this conclusion. Tissue distribution
and excretion of thGCSF have not been published

in the literature. The distribution profile was

Recoveries of radioactivity in urine and feces after iv '**LrhGCSF. *»ts.
Dosage i Radioactiveity { % of injected}
R Rabb
oute mg-kg ™! abbits Urine Feces Urine + Feces Thyroid Toral
iv 15 3 B3.6+£6.8 0.9+0.9 86.1+4.3 16.1+2.9 100 £ 26
iv 30 4 81.8+£5.9 0.9+0.7 82.7+£6.2 12.8+11.1 85+7
¥ 60 4 67.8+x14.6 .4+0.3 68.2£14.4 14.8+4.0 83+16
sC 30 4 65.9+15.1 0.9+0.8 66.7+15.0 11.2+7.4 TEL19
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somewhat different from '*I-rh-1L2. The levels
in liver and lungs were relatively low. We do not

know why the radicactivity concentrations in target

organ, bone marrow and spleen were only

approximately equal to or slightly lower than that in

plasma.
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