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Short Communication

Pharmacokinetics of Recombinant Human Insulin-Like Growth Factor-l in Diabetic Rats

ABSTRACT:

Pharmacokinetics of recombinant human insulin-like growth fac-
tor-1 (rhiGF-l) was investigated after iv administration (0.32, 1.0,
and 3.2 mg/kg) to normal and streptozotocin-induced diabetic rats.
rhlGF-l was eliminated from plasma biexponentially in both normal
and diabetic rats. Plasma concentrations of rhiGF-l were lower at
almost all the time points examined in diabetic rats than in normal
rats. The pharmacokinetic parameters of total body clearance
(CL.cta) mean residence time (MRT), and elimination rate constant
(ko) indicated that rhIiGF-I disappeared more rapidly in diabetic
rats than in normal rats at any dosage. The amounts of IGF binding
proteins (IGFBPs) in plasma were assessed by determining the

complex of IGF-I with IGFPB-3 and an acid-labile subunit, the 50
kDa complex, a complex of IGF-I with IGFBP-2, were found to be
lower in diabetic rats than in normal rats. Fractions of rhiGF-I free
and bound to the binding proteins were estimated by gel chro-
matographic separation of rhiGF-I in plasma after iv administra-
tion, and the pharmacokinetics of free and bound rhiGF-l1 was
analyzed independently. Plasma concentrations of free and bound
rhiIGF-I were lower in diabetic rats than in normal rats, especially
the concentrations of the 150 kDa complex were much lower. The
reduced IGFBP-3 would be responsible for the faster elimination of
rhiGF-I in diabetic rats.

endogenous IGF-I and. Levels of the 150 kDa complex, a ternary
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IGF-I* is a single-chain polypeptide of about 7.6 kDa with proin- Materials and Methods

sulin-like structure (1). rhIGF-I is being used clinically for the therapy materials. rhIGF-1, a monoclonal antibody (McAb) for thiGF-I, polyclona}
of Laron dwarfism, in which the function of growth hormone receptadntibody (PcAb) for IGF-I, and®3-rhIGF-1 were generous gifts from Fujisaw%-
is deficient (2—4), and of insulin-resistant diabetes (4—6), as rhiIGFharmaceutical Co. (Osaka, Japan). Streptozotocin was obtained from @gn
has been available by means of recombinant DNA technology. Athemical Co. (St. Louis, MO). All other reagents were of analytical gradg
though IGF-I is produced by a wide variety of tissues (7), circulating Animals. Male Sprague-Dawley rats (Charles River Japan, Inc., YOEO-
plasma is the largest pool in the body (1). The plasma concentratid{#§a) at 6 weeks of age were used. _ =
of IGF-1 are much higher than those of insulin as it is bound to a series”eParation of Diabetic Rats. Diabetes was induced by a bolus injectiq
of IGFBPs, of which a total of six have been described to date ('f?j. streptozotocin (60 mg/kg) into the tail vein of 6-week-old rats. Streptogo-

. . tocjn was dissolved in isotonic citrate buffer (pH 4.2) in the ice-cold water tgith
Especially, more than 95% of IGFs in plasma are reported to be bound . T .

. ~_Just prior to its injection. Thirteen days later, rats whose plasma glucose I@el
to. IGFBP'Z' .form|ng Fhe 50 .kDa complex, and IGFBPTS assoc'at%(fceeded 400 mg/dl were used for all the experiments on the next day. Cantr
with acid-labile subunit, forming the 150 kDa complex with IGF-1 (1),4t5 against diabetic rats were treated only with isotonic citrate buffer 3 €
We have already investigated the pharmacokinetics of rhiIGF-I afteri}eks and used for studies at 8 weeks of age. In the diabetic rats, urine gl@&o
administration to normal and hypophysectomized rats. From the &srels were higher than 2.0 g/dl and the mean plasma glucose level was 615
pect of pharmacokinetics, the lack of IGFBP-3 was strongly suggested.3.3 mg/dl.
to be responsible for much more rapid elimination of rhIGF-I in the Pharmacokinetic studies.rhIGF-I dissolved in saline (1.0 mg/ml) was
hypophysectomized rats. Furthermore, we have indicated that thiected to the femoral vein at the doses of 0.32, 1.0, and 3.2 mg/kg. The bloo

kidney should play an important role in the systemic elimination gamples were periodically collected from the jugular vein. Immediately, the
rhIGF-I (8). blood was centrifuged at 9000 rpm for 5 min to obtain the plasma. For the

In the present study, the pharmacokinetics of rhIGF-I was invesﬂi-abEtiC and the control rats, urine was collected for 18 hr after the dosing o

. L . . . .0 /kg.
gated in the streptozotocin-induced diabetic rats, and the relatlons?ﬁl mg’kg _—
el chromatography of IGF-I. Two milliliters of a plasma sample were

between the pharmacokinetics of rhIGF-I and the amount of lGFBQﬁplied o a Sephacryl S200HR column (16 mm kdB00 mm) (Pharmacia

in plasma was discussed. LKB Biotechnology, Tokyo, Japan) previously equilibrated with 10 mM

phosphate buffer (pH 7.4) containing 0.02% Na&hd 25 mM EDTA. The
elution was carried out at a flow rate of 28.8 ml/hr and 2.4 ml of each fraction
was collected. The column was calibrated with several standard materials (8
Analytical Procedure. IGF was determined by radioimmunoassay (RIA)
using McAb for rhIGF-I and/or PcAb for IGF-I following the method reported
in the previous studies (8, 9). The former can detect only rhiGF-I, while the
latter can detect total IGF-I, including the endogenous IGF-I. Plasma glucos
was determined following the glucose oxidase method using latro-Chrome
GLU-Lq (latron Laboratories Co., Tokyo, Japan). Urinary glucose was assaye
by reagent strips for urine analysis (Diastix, Miles-Sankyo Co., Tokyo, Japan)
Data Analysis. Plasma concentration (Cp}.time curves of total rhIGF-I|
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1 Abbreviations used are: IGF-I, insulin-like growth factor-I; rhIGF-I, recombi-
nant human insulin-like growth factor-I; IGFBP, insulin-like growth factor binding
protein; CLi.,, total body clearance; MRT, mean residence time; AUMC, area
under the moment vs. time curve.
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after iv administration were fitted to a biexponential equation (eq. 1) and the AUC and AUMC values of free rhIGF-I and rhIGF-I bound to the binding

kinetic parameters were calculated by using the nonlinear least-square regpesteins were calculated following the linear trapezoidal rule with a monoex-

sion program MULTI (10). ponential extrapolation to infinity. The mean residence time (MRT) was
calculated by the following equation:

Cp=Ae“+Be# (1)
. . AUMC
AUC and AUMC were calculated following egs. 2 and 3, respectively. MRT = “AUC (4)
AUC = é " E @) Statistical Anal_ysis. Sta_tistically significant dif_ference was determined by
a B Student’st test with or without Welch’s correction after ANOVA was per-
formed byF-test.

A B

AUMC = 27 B2 ®3) Results and Discussion

Pharmacokinetics of rhIGF-l in Diabetic Rats. rhIGF-I was
eliminated from plasma by biexponential mode in both groups of rats
and the plasma concentrations in normal rats were higher than thos
in diabetic rats at every dose (fig. 1). Table 1 represents the pharm:
cokinetic parameters of rhiGF-I. In both diabetic and normal rats,
CL o increased and MRT decreased as the dosage increased frc
0.32 to 3.2 mg/kg, suggesting the dose-dependent and nonline
elimination of rhIGF-I. This would be caused by the gradual increase
in free fraction of rhIGF-I according to the increment of dosage site
the amount of IGFBP-3 needed for the residence in the circulatitfa i
constant. Diabetic rats showed the significantly larger value Q&QL;D

1 ; ' ' ' ' than normal rats, and the value of MRT in diabetic rats tended t@bx

0 5 10 15 20 25 shorter than that in normal rats in every dose. As for the appager
Time (hr) volume of distribution at steady state (3dand the elimination rat@o_

constant (k)), those for diabetic rats were larger than or almost ecgial

10000 (B) to those for normal rgts, although there was no significant dlﬁer%ce
between two groups iy, at 8 phase {,,8). These results suggest the

faster distribution and/or elimination of rhIGF-I at early time pericgs

after dosing in diabetic rats. Urinary recovery of unchanged rhIC%-I

was examined in the case of 1 mg/kg dosing. rhIGF-I was haﬁily
excreted in urine as the unchanged form in both normal (0-80&
0.001%) and diabetic (0.005 0.003%) rats. g

Estimation of IGFBPs Levels in Plasma of Diabetic RatsThe o
amounts of IGFBP-2 and -3 in the plasma were assessed by d:ete
mining the endogenous IGF-I bound to them by RIA using PcAb‘@or

1 ; ' ' ' ! IGF-I. Fig. 2 shows typical gel chromatograms of IGF-1 in normal F’at

0 5 10 15 20 25 plasma and diabetic rat plasma. The peaks around the 22nd ant;L,ZE

Time (hr) fractions correspond to IGF-I bound to IGFBP-3 and an acid- Ia@le

subunit (150 kDa complex) and one to IGFBP-2 (50 kDa complex)

100000 (C) respectively. The addition of rhIGF-I did not change the height anc
the pattern of these peaks, but it generated another peak around 32

fraction corresponding to free rhIGF-I and/or IGF-I. These phenom-
ena indicate that almost all of IGFBP-2 and IGFBP-3 were bound tc
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Fic. 1. Plasma concentrations of rhIGF-I after iv administration to normal 0

and diabetic rats 0

15 20 25 30 35 40 45 15 20 25 30 35 40 45
The dosages of rhIGF-I are (A) 0.1 mg/kg, (B) 0.32 mg/kg and (C) 3.2 Fraction number
mg/kg.O, control rats®, diabetic rats. Results are expressed as the mean with
the vertical bar showing the SD of 4 to 5 experiments. Statistically S|gn|f|(:an{:IG 2. Typical gel chromatograms of IGF-l in plasma of (A) normal and
differences between normal and diabetic rats are as follows=<*,0.05 ; **, (B) diabetic rats.
p < 0.01; ** p < 0.001. O, endogenous IGF-1@®, plasma with the addition of rhIGF-1 (300 ng/ml).
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TABLE 1
Pharmacokinetic parameters of rhIGF-1 after iv administration to normal and diabetic rats
Dose (mg/kg) Rat AUC (g - hr/ml) MRT (hr) Cliotal (MI/hr/kg) Vds (ml/kg) ket (Nr™%) 1B (hr)
0.32 Normal 2.35- 0.24 5.79+ 0.59 137+ 13 795+ 128 0.79+ 0.17 5.00+ 0.44
Diabetic 2.05+ 0.10 4.51+ 0.64 156+ 7 754+ 103 1.55+ 0.26 4.51+ 0.64
p? 0.1 0.1 0.05 0.8 0.005 0.5
1.0 Normal 5.89+ 0.57 473+ 0.1P 171+ 16° 810+ 92 1.36+ 0.19 4.28+ 0.08
Diabetic 3.66+ 0.33 3.80* 0.09 275+ 24° 1044+ 96° 2.09+ 0.34 4.32+0.41
p? 0.0005 0.0005 0.0002 0.05 0.01 1.00
3.2 Normal 12.22¢ 1.10"9 3.48+ 0.51°f 263+ 2349 913+ 112 1.37+ 0.08"9 4.37+0.43
Diabetic 9.27+ 8.85"9 3.03x 0.37f 348 + 36%¢ 1060+ 212 1.65* 0.29 4.30* 0.54
p? 0.005 0.2 0.005 0.5 0.1 1.00

Results are expressed as the mea8D of more than 4 rats', Probability level for comparison between normal and diabetic rats. Statistically significar
differences from 0.32 mg/kg dosing in each group were indicated as folfpwss 0.05;°, p < 0.01;9, p < 0.001. Statistically significant differences between
1.0 and 3.2 mg/kg dosing in each group were indicated as foll§ws< 0.05;%, p < 0.01;9, p < 0.001.
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Fic. 3. Plasma concentration of rhIGF-I (A) free form, (B) as 50 kDa
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the endogenous IGF-1, and the determination of the bound complexe
made it possible to estimate the amount of the binding proteins in bot
normal and diabetic rats. Therefore, fig. 2 indicates that endogenou
IGF-I, 150 kDa complex, and 50 kDa complex in plasma decrease i
diabetes. In the diabetic state, endogenous IGF-I in plasma is repjfte
to decrease in comparison with the normal condition in men (11, 52)
monkeys (13), and rats (14, 15-17). Furthermore, plasma levef c
IGFBP-3 are also recognized to be lower in diabetic men (18) andiat
(15-17). Our results have supported previous reports. IGFBP i
reported to increase significantly in serum in the diabetic state (27)
However, we could not recognize the substantial amount of IGF@-Z
associated with rhIGF-1 and/or endogenous IGF-1 as a peak aroungtr
30th fraction compared with those of IGFBP-2 and IGFBP-3 in bgth
groups of rats. The reason may be that the level of IGFBP-1 is u@de
one-hundredth and its binding affinity for IGF-I is about one-thirdgi;)f
IGFBP-3 (19, 20). 7
Pharmacokinetics of rhIGF-1 Unbound and Bound to IGFBPs g
in Diabetic Rats. To examine pharmacokinetics of rhIGF-I unbou&
and bound to IGFBPs, gel chromatographic analyses of plasma Sar
ples were performed after iv administration of rhIGF-1 (1 mg/kg).
From the estimated rate of each fraction and the data of fig. 1%lih(
concentrations of free rhIGF-I and the high molecular complexes Viger:
calculated (fig. 3). In both groups of rats, rhIGF-1 in plasma was
almost free form just after the bolus injection, and then the fge
rhiGF-I decreased abruptly. On the other hand, rhIGF-1 bound to the
binding proteins increased. Especially, the 150 kDa complex main
tained the relatively high level in plasma up to 6 hr after dosing.
Plasma concentration profile of every fraction was higher in normal
rats than that in diabetic rats. AUC values of free rhIGF-I, 50 kDa
complex, and 150 kDa complex are 2.200.26, 0.795+ 0.105, and
1.92 = 0.21 in normal rats and 2.08 0.12, 0.607x 0.038 (p <
0.001), and 1.14+ 0.08 pghr/ml (p < 0.001) in diabetic rats,
respectively. IGFBP-3 is well known as one of the major determinants
for the plasma levels of IGFs (7), and the plasma concentrations c
IGF-I (16) or rhIGF-I (8, 15) have been reported to be correlated with
those of IGFBP-3. In the present study, the decrease in the conce
tration of 150 kDa complex was the greatest in the diabetic rats, an
this would be mainly responsible for the higher clearance of rhIGF-I
in the disease state. In diabetic state, biosynthesis of endogeno

10°S

complex and (C) as 150 kDa complex after iv administration (1 mg/kg) tdGF-1 would be reduced because of the lower level of growth hormone
normal and diabetic rats.

Open and closed symbols represent the control and diabetic rats, res

(21), which may be one of the reasons for the lower levels of
E&dogenous IGF-I in diabetes. However, the levels of IGF-I in the

tively. Results are the mean with the vertical bar showing the SD of 4 toksdney, a main organ for the elimination of IGF-I (8), is reported to be
experiments. Statistically significant differences between normal and diabgiitich higher in the diabetic rats (21, 22). Philéipal. (21) indicated
rats are as follows: *p < 0.05; **, p < 0.01; ***, p < 0.001.

that the elevation of local production of IGF-I in the kidney should not
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be responsible for the higher level of IGF-I in the kidney, suggestin@. T. Kimura, Y. Kanzaki, Y. Matsumoto, M. Mandai, Y. Kurosaki, and T.
the increase in IGF-I is trapped in the kidney. This can be explained  Nakayama: Disposition of recombinant human insulin-like growth fac-
by the higher rate of glomerular filtration resulting from the increase  tor-I in normal and hypophysectomized ragiol. Pharm. Bull. 17,
in free IGF-1 because of the decrease in IGFBP-3, as is the case of 310-315 (1994).
rhIGF-1 administered to diabetic rats in the present study. 9. K. Suzuki K. Hashimoto, T. Asada, S. Nakanishi, H. Horiai, and M. Niwa:
MRT of only free rhIGF-1 was significantly shorter in diabetic rats Measurement of IGF-l/somatomedin-C in plasma by radioimmunoas-
(0.132+ 0.007 hr,p< 0.05) than that in normal rats (0.1290.013 say (RIA). Study on RIA using antiserum and monoclonal antibody
hr), indicating that free rhIGF-I was eliminated more rapidly in af:érft recombinant IGF-IClin. Pharmacol. (Japan)35, 853-858
diabetic rats than in normal rats. On the other hand, there was no ( ): ) )
. . . . K. Yamaoka, Y. Tanigawara, T. Nakagawa, and T. Uno: A pharmacoki-
difference in MRT of rhIGF-I in the forms of 150 kDa complex an . . . .
of 50 kDa complex between diabetic (50 kDa, 1:890.07 hr; 150 netic analysis program (MULTI) for microcomputek. Pharmacobio-
' ' ' Dyn. 4, 879-885 (1981).
Ega' gggf 8(1)2 Erg and normal rats (50 kDa, 1.¢10.11 hr; 150 11. M. A. Bach, E. Chin, and C. A. Bondy: The effects of subcutaneous
a, 2.79+ 0. r.

’ . . o insulin-like growth factor-I infusion in insulin-dependent diabetes mel-
In conclusion, we have investigated the pharmacokinetics of s 3. clin. Endocrinol. Metab79, 1040-1045 (1994).
rhIGF-1 after iv administration to diabetic rats. rhIGF-l administered, p_ . whittaker, M. O. Stewart, A. Taylor, R. J. S. Howell, T. Lind:
was distributed and/or eliminated more rapidly in diabetic rats, and the  |nsulin-like growth factor 1 and its binding protein 1 during normal and
faster disappearance coincided with the lower plasma levels of 150  diabetic pregnancie©bstet. Gynecol76, 223-229 (1990).

kDa complex. Therefore, the decrease in the circulating 150 k8. N. L. Bodkin, R. Sportsman, R. D. DiMarchi, and B. C. Hansen: Insulin-
complex caused by decreased IGFBP-3 would be one of the major like growth factor-1 in non-insulin-dependent diabetic monkeys: Basal
factors for the rapid distribution and/or elimination of rhIGF-I in plasma concentrations and metabolic effects of exogenously adminis
diabetic rats. tered biosynthetic hormon&letabolism40, 1131-1137 (1991). o

. . 14. J. F. Hofert, S. Goldstein, and L. S. Phillips: Glucocorticoid eﬁects%n
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