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ABSTRACT

AIM: To study the pharmacokinetic characteristics of
lactosaminated recombinant human growth homone
(hGH-L) in mice. METHODS: The biodistribution
was studied with in vive radioactive tracer technique.
The phamacokinetics was investigated by radioim-
munoassy (RIA) method of hGH-L. The results were
compared with that of recombinant human growth hor-
mone (hGH). RESULTS: 'I-hGH-L has remarkable
livenaxis. The area under drug concentration-time curve
(32686.9 pg-min*L~") in blood and serum mean resi-
dence time(21.4 min) of hGH-L are less than that of
hGH (36913. 1 pg min-L"" and 24,9 min) (P <
0.05). In target organ liver, hGH-L distribution half
life (1.8 min) and elimination half life (11.1 min) are
shorter than that of hGH (2.1 min and 27.7 min) (P <
0.05). The area under drug concentration-time curve
(17621.9 pg-min+L™") of hGH-L is bigger than that of
hGH(12148. 2 pg-min*L™') (P < 0.05) in liver.
CONCLUSION; The pharmacokinetic paramters of
hGH-L has obvious advantage over that of hGH.

INTRODUCTION

Recombinant human growth hommone { hGH) en-
hances bone growth through somatomedin (SOM) that
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liver tissue produced by relying on capacity of hGH in
lver. So it is widely used in clinic for treating hGH de-
fecient children''’. But hGH is a kind of hormone with-
out any target gland. This decreases its clinical effect.
The over-dosage and long-time usage of hGH can cause
anti-drug effect and disturb fluid homeostasist®®) .
Therefore, increasing hGH concentration in liver and de-
creasing its concentration in other tissues can improve its
clinical effect and eliminate its side effects. We prepared
lactosaminated recombinant human growth hormone
(hGH-L) through condensation reaction of hGH with
aldehydic glucose fragment of lactose. Here in this
study, pharmacokinetics of hGH-L was studied in mice.

MATERIALS AND METHODS

Distribution in vive

3| labeling hGH-L and hGH  The compounds
were labeled according to the method reported'®) previ-
ously. The labeled compounds were purified through
Sephadex G25 Column chromatography and  filiered
through 220-nm membrane: filter. The radiochermical pu-
rity( >98% ) was tested through trichloroacetic acid de-
posit method .

Biodistribution in mice  BALB/c mice, n =24,
13-20 g, were injected with 0.2 mL of '®I-hGH-L or
15[ hGH ( containing 0.3 pg of chemical content and
31.28 kBq of radioactivity and Nal 0.01 mol/L) through
tail vein, then were randomly divided into 8 groups.
The mice were sacrificed at different times after injection.
Viscera was gained from all mice and radioactivity was
measured. The results were expressed as viscera radioac-
tivity percentage of injected radicactivity. The data were
presented as X = 5. The ¢ test was carried out between
biodistribution of the compounds and level of significance
was calculated .
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Establishment of radiobmmunoassay ( RIA )}
method for measuring drug concentration in liver
homogenate

Feasibility of establishing RIA method ~ (DMea-
surement of the affinity of hGH antibody to hGH-L and
hGH:; twenty BALB/c mice, 20 g — 30 g, were sacri-
ficed. Blood was collected to separate serum. The
serum was kept at 4 . Livers were collected and
mixed with 0.25 mol/L sucrose solutions with the ratio
of weight (y:g)/volume (mL) 1:10, then homogenized
in ice bath and stored at 4 C. hGH-L 3.27 mg and 3.
14 mg of hGH were precisely weighed and dissolved into
500 mL redistilled water and this was used as hGH-L and
hGH stock solution.  Stock solution 0.1 mL, 0.25 mL,
0.75 mL, 1.5 mL, 4.0 mL of hGH-L and hGH were
seperately added into 50 mL volume flasks and diluted to
50 mL. The above solution 0.05 ml. was added to 0.45
mL normal mouse serum and this was used as hGH and
hGH-L serum working solution. Phosphate buffer solu-
tion (PBS, pH 7.0) 100 pL and normal mouse serum
100 pub were regarded as non-specific be. Normal
mouse serumn 100 pL was regarded as zero standard sam-
ple tbes. hGH-L or hGH serum working solution 100
pL with different concentration was regarded as sample
tubes. According to routine RIA method, standard curve
was prepared. From the standard curve, the FDsy( mid-
dle value) and EDy( half middle value} were goi. The
affinity constant K, of hbGH and hGH-L to hGH antibody
were calculated according to the equation K, = 6B8,%/
[(1-Bo% )(2-By% ) (4-By% }(3ED5-EDys) |. @ Sta-
bility of hGH-L and hGH in liver homogenate: 1 mL of
hGH-L stock solution was mixed with 5 mL nommal
mouse liver homogenate, and was kept in water bath at
37°C. AL0.5h, 6h, 12h, 24 h, and 36 h respective-
ly, the solutions were tested using Perkin-Elmer DSC-2C
differential scanning thermal analysis instrument to get
differential scanning thermal (DST) spectra between 273
Kto 600 K. The stability of hGH-L and hGH in liver
homogenate was tested.

Preparation of standard curve  (DWorking solu-
tion of liver homogenate hGH-L and hGH; ¢.1 mL, 0.5
mL, 1.0 mL, 2.0 mL, and 4.0 mL of hGH-L stock so-
lutions were respectively diluied to 50,0 mL. Each of
these diluted solutions 0.5 mL was respectively added to
4.5 mL normal mouse liver homogenate and then mixed,
and kept at 37 C for 30 min, then rotated to separate for
10 min at a speed of 1200x g a4 T. The vpper clear
solution was collected. hGH-L liver homogenate work-

ing solution 1.3 g/L, 6.5 g/L, 13.0 g/L. 26.0 g/L,
and 52.3 g/L was thus prepared. hGH liver homogenate
working solution (concentration 1.26 ug/L., 6.28 pg/L,
12.56 pg/L, 25.12 pg/L, and 50.24 pg/L) were pre-
pared as the method described above., @ Standard curve.
100 uL. of PBS and 100 L of normal mouse liver ho-
mogenate were regarded as the non-specific sample tube.
Nommal mouse liver homogenate 100 ul. was regarded as
zero standand tube. hGH liver homogenate working so-
lution 100 gL ( with different concentrations) was regard-
ed as sample tbe, Following the routine RIA method,
the hGH RIA standard curve was obtained. The hGH-L
RIA standard curve was also obtained using the same
method.

Pharmacokinetics

Sample collection BALB/c mice, n=30, 20 g
—-30 g, were injected with hGH-L in the ratio of 1 mg-
kg~! and randomly divided into 10 groups. At 1 min, 3
min, 5 min, 8 min, 10 min, 15 min, 30 min, 60 min,
120 min, and 180 min after injection, each group was
sacrificed.  Blood was collected and serum was separated
and kept at 2 C —4 €. Liver without bile duct and
gallbladder was mixed with sucrose solution 0.25 mol/L
(4 T) as the ratio of weight {ug)/volume (mL) 1.10
and then homogenized in ice bath and rotated to separate
for 10 min at a speed of 1200x g at 4 T. The upper
clear solution was collected and kept at 2 T — 4 T.
Blood and liver samples of mice injected with hGH were
collected using the same method.

Measurement of blood and liver drug concentra-
fion  Blood drug concentration of hGH-L and hGH was
estimated using the instructions supplied by hGH RIA
commercial kits. Liver homogenaie drug concentration
of hGH-L and hGH was extimated using the standard
curve established as above-mentioned.

Data handling  The curves were imitated using
3P87 program of pharmacokinetic and the phammacokinet-
ic parameters of hGH-L and hGH were calculated. The
t test was performed between two groups of parameters.

RESULTS
Biodistribution in mice

Tab 1 lists the biodistribution results of *-hGH-L
and B1-hGH in mice. ZL-hGH-L reaches the highest

value in liver, which is 69 % of injected dose at 5 min
after injection. However, liver uptake of I-hGH
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peaked at 10 min after injection. The uptake being only
35 % of the injected dose which is about half of
5L hGH-L in liver. As the time increased, the drug
distribution rate in liver decreased gradually. During the
observation time period, the uptake rate of ' I-hGH-L in
liver is about 2-fold of I-hGH. The distribudon of
T-hGH-L. in blood is much less than that of ']-hGH
and has the characteristic of re-distribution in blood that is
only possesed by liver target drug.  The distribution rate
of P*I-hGH-L is lower than that of 1-hGH in kidney .
S 1-hGH-L and 1-hGH are mainly cleared from liver,
gall and intestine. The ¢ test results show that drug dis-
tribution of the two drugs in mice blood, liver, and kidney
was markedly different, (blood, r; 2.65, P < 0.05.
liver, ¢; 4.06, P<0.01. kidney, r: 4.01, P«
0.01).

RIA reliability test

Feasibility of RIA method of liver homogenate
The affinity constant K, of hGH antibody to hGH-L is
2.02x 10° L/mol, K, of hGH to its antibody equals
1.90x 10° L/mol. K,~ K., this means that the two
drugs have almost equal affinity for hGH antibody. The
DST spectra of hGH-L and hGH in liver homogenate are
the same during the period of 0.5 h-36 h. This means
that the two drugs in liver homogenate undergo no struc-
tural change during the time period (0.5 h — 36 h) and
are giute stable. Tt is thus feasible to establish an RIA
method of hGH-L and hGH in liver homogenate.

Standard curve  In blood, the standard curve
range of hGH-L and hGH are 1.26 — 52. 30 pg/L and
1.00—50.00 pg/L respectively, the r values are 0.999
and 1.000 respectively, the minimal timits { sensitivity)
are 1.10 ug/L and 0.70 pg/L respectively. In kiver ho-
mogenate, the standard curve ranges of hGH-L and hGH
are 1.30—52.30 pg/L and 1.26 — 50.25 pg/L respec-
tively, and the 7 values are 0.998 and 1.000 respective-
ly, the minimal limits are Q.70 ng/L and 0.80 pg/L re-
spectively.

Dilution linear test  After sample dilution, good
linear relationship existed between the tested concentration
and folds of dilution (r=1). Based on the results,
when the sample concentration exceeded the standard
curve range, the sample was tested afier dilution and the
original concentration was calculated according fo its fold
of dilution.

Recovery expefiment  The recovery rates (%)
of hGH-L and hGH in liver homogenate are 94 £ 7 and

93.8+2.3 respectively; The tecovery raes (%) of
hGH-L and hGH in blood are 99.5+ 2.2 and 98 + 6 re-
spectively,

Accuracy  The tested blood drug concentration
accuracy of hGH-L and hGH is 0.40 % - 2.86 % and
0.99 % —3.18 % respectively. The accuracy of liver
drug concentration is 0.62 % —3.68 % and 0.44 % -
4.32 % respectively.

Repetition experiment  Difference in one group is
1.64 % - 3.25 %. Difference among groups is
2.92%-6.36 %

Pharmacokinetics of hGH-I, and hGH

The blood drug concentration-time curves of hGH-L
and hGH are shown in Fig 1. The drug concentration-
time curves of hGH-L and hGH in liver are shown in Fig
2. Tab 2 lists the pharmacokinetic parameters of hGH-L
and hGH. The distribution half life { 7,0, = 1.8 min)
and the elimination half life { 753 =11.1 min) of hGH-
L in liver are less than that of hGH in liver ( Ty, =2.1
min, Ty2g=27.7 min) (P <0.05). The area under
curve (AUC) of drug concentration-time of hGH-L in
liver (17621.9 pg-min-L"!) is 1.5 folds than that of
hGH (12148.2 pg-min-L~') (P <0.05). This means
that the hGH-L absorbed by liver is 150 % of that of
hGH and its distribution and elimination by liver are faster
than that of hGH. As the blood pharmacokinetic param-
eters of hGH-L can not be calculated with 3P87 program,
the concentration changes of hGH-L and hGH in blood
were estimated. The results show that AUC of blood
drg concentration-time curve of hGH-L and hGH are
32686.9 pgemin-L~! and 36913.1 pg+min-L ™' respec-
tively (P <0.05), the mean residence time (MRT) of
WGH-L and hGH in blood are 21.4 min and 24.9 min re-
spectively (P <0.05). This means that the distribution
of hGH-L in blood is less than that of hGH and hGH-L is
eliminated faster than hGH.

DISCUSSION

SOM is produced by hGH in liver tissue and liberat-
ed into blood to promote bone growth, The amount of
SOM in blood is controlled by the amount of hGH in liver
tissue’’’. But hGH is a gland hormone without target
gland. TInjected hGH only induces low concentrations of
SOM in the blood and its drug efficiency is thus inhibit-
ed. Therefore, increasing hGH concentration in liver is
the key point to improve its curing efficiency. The in
vivo distribution results show that hGH-L has obvious
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Tab 1. Biodistribution results of I-hGH-L and “*I-hGH in mice (ID %)}. n=3. X%ts.
Wi Drug Time/min
1 3 2 10 15 30 60 120
Biood A 24 +3 8zx1 50 5x1l 4x0 190 5%l 6t1
B 43+2 23%2 18+1 102 10+2 7+1 T+2 61
Liver A 535 [CEY: 9+5 65+ 1 60+4 2+1 100 50
B 192 2+2 28x1 35+4 4+3 21+1 6xl 40
Kidney A 8+2 9+2 14+2 11=x2 8x2 5x0 dzl 2x1
B 1n+2 202 212 185 16+3 50 2+0 1x1
Intestine A 30 2+0 2+0 LE S 31 101 8+1 721
B 51 5+0 7+1 61 7z2 82 7x1 61
Taking 7 % of body weight as blood weight. A: "LhGH-L. B: '“I-hGH.
Tab 2. Phammacokinetic parameters of hGH-L and hGH 0.3 pg iv in mice.
Pharmacokinetic parameters
a b a V/F T Timp  Kn Ky Ky CL AUC
(min~") (min") (min~!) (min~') (ml) (min) (min) (min"') (min~!) (min~') (mLl:min~') (pg-min-L™")
Liver C 285.2 9.3 0.3 0.01 0.2 21 27.7 0.04 0.1 0.2 0.2 12148.2
D 5.0 1062 0.4 0.1 0.02 1.8 11.1 0.4 0.1 = 0.002 0.001 17621.9
Bicod C 3139.6 50.6 0.1 0.01 0.01 4.7 28.4 0.0l 0.1 0.3 (.001 36913.1

D Because of double peaks of blood drug concentration-time curve, pharmacokinetic parameters could not be obtained with

the current computer program .
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Fig 1. The blood drug concentration-time curve of

hGH-L and hGH. n=3. Xx+ts.

livertaxis and increases hGH concentration in liver and
hGH-L circulating in blood and present in kidoey is far
less than hGH. The reasen may be that asialoglyco-
proteins receptors presenting only on hepatic cell mem-
branes of mammal specifically bind to hGH-LY-7.
This is one of the most important advantage for using
hGH-L for treating children who are deficient in

hGH. The lower concentration of hGH-L in blood soften
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Fig 2. The drug concentration-time curve of hGH.L

and hGH in Liver. n=3. Xzs.

the effect of injected hGH to non-target tissue and there-
fore side effect of hGH is relieved®®. The lower
amount of hGH-L in kidney decrease the hGH effect to
hydro-sodium catabolism and hydro-sodium retention'™.
Pharmacokinetic research results show that hGH-L
has a greater potential clinical value, 2s the literature re-
ports that hGH concentration change frequency has more
effect than the hGH retention time in vivo for the growth
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promoting effect!®® . High concentrations of hGH-L in
liver in a short time is beneficial not only for the liver to
be induced to produce more SOM, but also to increase
the effectiveness of hGH and to avoid the patient long
time exposures to injected hGH. This reduces the possi-
bility of production of the hGH antibody and decrease the
possibility of anti-drug effects of bGH. In the mean-
time, hGH-L has a shorter distribution and retention time
than hGH, which decreases the hGH interaction with non-
target tissue and decreases the side effects of hGH'?
Our results show that T3 of hGH in serum is 24.9 min
— 28.4 min which coincides with the reported value, 19
min~ 29 min®). In addition, I-hGH-L and hGH-L
exists as two peaks in the blood drug concentration-time
curve, further demonsirating that hGH-L is a liver target
drug which pocesses this feature™’ .

From the chemical point of view, hGH-L is the lac-
tose derivative of hGH. It can exist stably in mice blood
and liver. From this report and our former results'™,
the conclusion can be drawn that hGH-L and hGH have
different biological characteristics and hGH-L may be
ireated as a new compound. And our experiments prove
that hGH-L and hGH pocesses identicat bioactivity.  So,
hGH-L may be a potential drug to replace hGH for the
treatrent of hGH deficiency .
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