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AIM: To examine the pharmacokinetics of iv and sc
recombinant human granulocyte macrophage colony-
stimulating factor (thGM-CSF) in Macaca mularta .
METHODS: Plasma levels of thGM-CSF were
detected with sandwich enzyme-linked immunosorbent
assay. RESULTS: Plasma concentration-time curves
after iv thGM-CSF in monkeys were best fitted with 3-
compartment model. The 1st, Znd, and 3rd phase
T1 were 0.05-0.07, 0.14-0.58, and 1.4-4.1 h.

Ci and K, were similar between different doses,
respectively, Cpa was 0,93 £0.16 pg L™, T,
was 2,65+ 0.14 h, and elimination T.é was 2.5+0.3
h after sc thGM-CSF. The bioavailability after sc
hGM-CSF was 0.61. CONCLUSION: Pharma-
cokinetics of thGM-CSF in Macaca mulatta provided a
useful index for clinical trial.

Human granulocyte macrophage colony-stimulat-
ing factor ( hGM-CSF! is one of the hematopoietic
growth factors which control the proliferation and
survival of myeloid cells ''.  Recombinant hGM-CSF
( hGM-CSF ! has been developed for treatment of

! Comespondence v Prof ZHU Xing-Zu.
Phn 36-21-6431-T15%3. ext 3P, Fax 8A-2 14037400200
Received 10071411 Acvepted 1007-(8-71)

several hematopoietic disorders, and has shown
promise in  the ftreatment of myelodysplastic
syndromes, as an adjunct to autologous bone marrow
transplant, and the treatment of bone marrow
suppression induced by high dose chemotherapy'=~* .
In China, hGM-CSF has been developed into
therapeutic use. The present study, as part of the
preclinical studies of rhGM-CSF. was initiated to
investigate the pharmacokinetics of iv and <c injections
of thGM-CSF.

MATERIALS AND METHODS

Chemicals Bacterial-derived thGM-CSF ( Lot Mo 95011,
purity > 98 % . 300 pglampole, 6.67 x 10* TU = g™} was
provided by Shanghai Huaxin Biological High Techniques Co
Ltd, Shanghai, China. Standard GM-CSF was purchased from
Schering-Piough.  Monoclonal  antibody  against GM-CSF,
biotinylated antibody against GM-CSF, and stepavidin
conjugated horseradish  peroxidase complex were  purchased
from GIF, Mister. Germany. 3.3.5.3-Tetramethylbenzidine
(TMB ), gelatin, and bovine serum alburmn | BSA} were Jrom
Sigma.  Ketamioe hydrochloride (50 g- L™') was purchased
from Shanghai Zhongxi Phamaceutical Co Tid,  Shanghai,
China.

Macaca mulatia Macaca mudatta (n = 9, 2}
weightng 4 - 5 kg were provided from Shanghai Instinde of
Physiology., Shanghai. China. Only monkeys that had not
recerved mGM-CSF previously amd that ¢id not demonstrate
antibodies 10 MGM-CSF were used for this study. Monkeys
were randomly assigned to study groups

Pharmacokinetics of rhGM-CSF Monkeys were
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anesthetized with im ketamine hydrochloride 10 mg-kg™!. An
indwelling catheter ( B Braun Melsungen AG., Melsungen.
Gemmany) was placed in the long saphenous vein for blood
drawing. The catheter was capped with a closure stopper with
injection port (B Braun Melsungen AG). The patency of the
catheter was maintained by sodium heparin 10 kUL~ in saline.
Monkeys were preconditioned to restraining chairs to minimize
stress.  thGM-CSF was injected iv 5 or 50 pg- kg™ ', or sc 5 pg
‘kg~!  Approximately 1 mb of blood was drawn each time
from the venous catheter using a hepartnized syringe.  The void
volume was removed trom the catheter before collecting the
blood. Blood samples were spun at 4000 x g tor 5 mn.
Plasma was stored at — 20 C until assayed by sandwich enzyme-
Iinked immunosorbent assay { ELISA ) .

Sandwich ELISA for detecting thGM-CSF  rh(M-
CSF in plasma was measured by ELISA method'®! modified by
us. The capture antibody ¢ monoclonal antibody against GM-
CSF) {1.5 g*L™', 100 Ll well) in phosphate-buffered saline
{ PBS) was coated overnight at 25 T on 96-wel] microtiter plates
{Sigma}. Then the plates were blocked with PBS containing
1 % BSA at 25 T for 6 h. The plates were washed 3 times
with washing buffer (PBS with 0.02 % Tween 20). One
hundred ;L of dilutions of plasma containing rhGh-CSF diluted
in diluting buffer ( PBS with 0.02 % Tween 20 and 0.2 %
gelatin} were added 10 the plates at 25 T for 45 min. The
plates were washed with washing buffer 3 times. Detection
antibody ( biotinylated antibody against GM-CSF} was added in
wells and incubated at 25 T for 45 min,  After further washing .
the plates were incubated with streptavidin conjugated horseradish
peronidase complex diluted [ 1000 in diluting buffer ¢ 10C pl
well) for 30 min.  The plates were washed, and 100 ul. TMB
100 mg- L™ with 0.003 % H,Q, in NaAc 0.11 mol- L~ ( pH
5.0) was added. The plaes were covered with aluminum foils
and incubated for 3 min. The reaction was stopped by adding
HCI 2 mol-1.7' (50 jlswell). The optical density at 450 nm
was measured with a DG3U22 plate reader ( Chinese Electron
Tube Factory, Nanjing., China)  The specificity of the assay
was demonsmated by adding potential interfering substances into
the plasma. Interlukine-le ([L-la) 10. [L-13 10, IL-3 10.
41, L-51, L6 1, -2 1, -8 1, IL-10 1, M-CSF 1,
and G-CSF I pg- 17" were not cross reacting.  Background
readings were determined from wells in which PBS containing 1
% normal monkey plasma without rhGM-CSF was incubated.
The background reading was subtracted from all results.  Assays
were done in triplcate wells and were expressed as the mean
levels. Plasima was analyzed from a pretreatment specimen and
up to 24 h after thGM-CSF injection. The endogenous GM-CSF
leve] detected in the pretreatiment specimen was subtracted from
all plasma levels.

Standard curves and validation HGM-CSF standard
was diluted with the pomal monkey plasma 0 get a standard
curve in concentravons of 7.8, 15.6, 31.2. n2.5, 125, and

250 ng*L~'. To test the inter- and mira-assay varatons, 6
aliguots of each sample were assayed within 1 d and 1 wk.
Accuracy and precision were evaluated by calculating the
recovery values from the standard curves and coefficients of
varigtion (CV} between the aliquots, respectively.

Pharmacokinetic analysis  Pharmacokinetc data on
bload efiminaton were modeled using the 3p87 Program.

RESULTS

Accuracy and reproducibility of the
method The standard curve for plasma ranged from
7.8 10 250 ng- L' was linear { r >0.9993), The
inter-assay CV was < 5.6 % . the mtragassay CV was
=6.5%. The mean recovery was .9 % =
6.5 %.

Pharmacokinetics of iv thGM-CSF  The
highest plasma levels of iv thGM-CSF 5 or 50
g kg~ ' measured at 2 min were 42 +3 and 450 = 29
reg-L™ ', respectively. The curves after iv were best
fitted with 3-compartment model: C(t) = Pe™™ +
Ae~* 4+ Be F{Fig 1).
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Fig 1. thGM-CSF levels in plasma after iv 5, iv 50,
orsc 5pgrkg!. n=3 monkeys, x + s.

The first, second, and last phase 71 were 0.05

—0.07, 0.14-0.58, and 1.4— 4.1 h, respectively.
The areas under curves ( AUC) were increased
proportionally with doses. Clearance { Cf) and Ky
were similar in different dosages (Tab 1) .
Pharmacokinetics of s¢ thGM-CSF Plasma
levels of thGM-CSF after sc were higher than those 2 h
after iv 5 pg-kg ™ '{Fig 1). Concentration-time curve
was best fitted with 1-compartment model. Maximal
concentration ( Cpp,} was 0.93 £ 0.16 g kg™ !, time
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Tab 1. Pharmacokinetic parameters of iv rhGM-CSE S and 50 pg-kg =" in Macace mulatia .
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to peak ( 7,0 was 2.6 + 0.1 h. The bioavailability after iv doses occurred immediately.  The blood

(F) was 0.61 {Tab 2).

Tab 2. Pharmacolokinetic parameters of s¢ 5 pg-kg™!
rhGM.CSF in Rhesus monkeys. n=3, xx s.
vs AUC of iv 5 pg-kg~!. Tafter correction with F.
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DISCUSSION

in the present study, we bave described a rehable
ELISA method for detecting thGM-CSF in plasma.
The method is very =ensitive and can quantitute thGM-
" This
ELISA is not subject to major interterence by ather
With this  method, able o
determine the phammacokinetics of hGM-CSF iy or w
The highest tevel ol vhiGM-CSF

CSF at concentration us low as 10 ng - L~
cytokines, WE  were

in Mucuca rlatte .

elimination pharmacokinetics of 1¥ ThGM-CSF hud been
reported as a biphasic curve with a distribution phase
71 of 0.14-0.17 b and an elimination phase 71 of

3.7 — 1.7 h for "l-labeled thGM-CSF in Macqgea
In our swmdy, the plasma rhGM-CSF
concentration-1ime  curves were best fited with 3-

mudatta-"".

compartment model after iv administrition with a first
phase T4 of 0.05 —0.07 h, a second phase T1 of

(L F1=10.53 h, and a last phase 71 of 1.1- 1.1 h,

{ne possible explanation tor this finding is that the
method for detecting plasma levels of thGM-CSF in our
study was different from the previous repon'® |

The s imection route for thGM-CSF hus been
evalialed as a way 1o maintain drug blood levels at
The sc
injection of Chinese hamster ovary (CHO) cell-derived
rhGM-CSF has been compared 1o bacteral-derived
rhGM-CSF in buman, and it was found that bacterial-
derived product reached maximal blood levels 2 -3 h
after ~¢ injection of 3 — 5.5 g kg~ 'L whereas CHO

overall lower dose levels to minimize woxicity .

cell-derived  material required 12 — 18 h after se &

wgrkg™'. The latter resull wos similan w0 the

abservation in Mucdcy mudatta alter ¢ mjection of
CHO vell-derived GM-CSF" . And the formet
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resultl was equivalent to our findings that o maximal
blood level of the bhacterial-derived rhGM-CSF in
Meacaca mulatta obtained 3 — 4 h afier se injection al
dose of 5 ng'kg™'. The good comelation of the
Mocaca muloria data and the human clinical data
demonstrates the ulility of the Macceca mulaite model .
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