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Effects of Bojungikgitang-gagambang on Longitudinal
Bone Growth in Adolescent Rats
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Objectives: This study was aimed to investigate the effectof Bojungikgitang-gagambang (BJIG) on longitudinal bone
growth in rats.

Methods: The BJIG treated group (300 mg/kg) and the control group (vehicle) were administered orally twice daily
for 4 days. To investigate the effects of BJIG we measured body weight gain. The bone growth effect was analyzed
by measuring between fluorescent lines marked with tetracycline, which plays the role of fluorescent dye on the
surface of the tibia. Tetracycline was intraperitoneally injected. The height of growth plates in the epiphyseal plate
was measured. The expression of bone morphogenetic protein-2 (BMP-2) and insuline-like growth factor-1 (IGF-1)
was investigated by immunohistochemistry.

Results: BJIG caused a significant acceleration of longitudinal bone growth of 349.7 + 15.9 gm/day compared to
control (319.8 + 21.4 ym/day). The height of overall growth plate was not significantly more compared to the control,
but the size of cells in the proliferative zone and hypertrophic zone were. In the immunohistochemistry, BMP-2 and
IGF-1 were expressed markedly in the proliferative or hypertrophic zone, respectively.

Conclusions: BJIG stimulated the chondrocyte hypertrophy and chondrogenesis in the growth plate and directly

increased the longitudinal tibia length of rats.
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Introduction

Idiopathic short stature (ISS) is defined as a
condition in which the height of an individual is
more than 2 standard deviations score below the
corresponding mean height for a given age, sex, and
population group without evidence of systemic,
endocrine, nutritional, or chromosomal abnormalities”.
Growth hormone (GH) replacement therapy is often
employed to treat children with ISS. Although GH
therapy appears safe, quality-of-life of daily injections,
potential short- and long-term adverse effects (including

unmet expectations), and treatment costs of GH therapy
must be considered®®. Because of these shortcomings,
many investigators have examined the possible
efficacy of traditional medicinal herbs as alternative
materials instead of GH.

For thousands of years, traditional medicinal herbs
had been used to treat children with growth
retardation®. Five kinds of growth retardation are
described in Dongeuibogam, the traditional Korean
medicinal book; they are retardation in standing up,
walking, hair growth, tooth eruption and faculty of
speech. The book recommends a number of herbal
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prescriptions for growth retardation; Bojungikgi-tang
(Bu-Zhong-Yi-Qi-Tang in Chinese) is one. Bojungikgi-
tang consists of the dried roots of Astragalusmem-
branaceus, Panax ginseng, Glycyrrhizauralensis, An-
gelica sinensis, the rhizome of Atractylodes japonica,
the dried peels of Citrus unshiu, the dried whole
plants of Agastacherugosa and the dried leaves of
Perillafrutescens. Bojungikgi-tang has been reported

to possess anti-tumor®”

, cancer-related fatiguedecreasing”,
radioprotective”, anti-bacterial'”, anti-nociceptive and
anti-depressive activities'”, and to have some effects
on impairment of hematopoietic organs'” and male
infertility'”. Although many functional studies of
Bojungikgi-tang have been performed, its effect on
bone growth has not yet been reported.

In this study, we investigated the effect of BJIG
on longitudinal bone growth in adolescent rats. Bone
growth was determined by tetracycline staining.
Body weight gain and height of growth plates were
evaluated. In addition, we analyzed the expression
levels of BMP-2 and IGF-1 in growth plates to
understand the effects of BJIG on bone growth at the
molecular level.

Materials and Methods

1. Plant materials

The dried roots of Astragalus membranaceus Bunce,
Glycyrrhiza uralensis Fiscu, Angelica sinensis Diggs,
the dried rhizome of Atractylodes japonica Koz, the
dried peel of Citrus unshiu Markovicn, the dried
aerial part of Agastache rugosa (Fiscu et Meyer) O.
Kuntze and the dried leaf of Perilla frutescens (L.)
Brrrr (Yaksoodang Co., Seoul, Korea) were used. Panax
ginseng C.A. Meyer (KT&G Co., Daejeon, Korea)
was used after being steamed. All materials were
purchased in 2010. They were identified by Professor
Dr. Hocheol Kim and voucher specimens were
deposited in the Department of Herbal Pharmacology,
College of Oriental Medicine, Kyung Hee University,

Seoul, Korea.

2. Preparation of BJG

The composition of BJIG investigated in this
study was made based on Dongeuisasangsinpyeun
with slight modification. The BJIG in this study was
made with the steamed root of P. ginseng instead of
P. ginseng. The dried roots of 4. membranaceus (96
g), G uralensis (32 g), A. sinensis (32 g), the
rhizome of A. japonica (32 g), the dried peels of C.
unshiu (32 g), the dried whole plants of A. rugosa
(16 g), the dried leaves of P. frutescens (16 g) were
mixed and extracted twice with 70% ethanol for 3 h
by reflux heater. The filtrates were evaporated by
rotary evaporator and lyophilized by a freeze-dryer
(OperonTM, Seoul, Korea). The powder was stored -
20 C mtil used. The yield of the freeze-dried product
of mixture extract was 28.8%. The mixture extract
powder was dissolved in 10 ml distilled water prior
to use. The yield of the steamed root of P.ginseng
was 65%. Concentration yield was used to calculate
from raw material (96 g).

3. Animals

Three-week-old male Sprague-Dawley rats, weighing
60+ 10 g each, were used (Samtako Co., Osan,
Korea). The experimental procedures were performed
in accordance with the animal care guidelines of the
Kyung Hee University's Institutional Animal Care
and Use Committee (KHUASP (SE) - 2009 - 007). Animals
were housed under controlled temperature (23 =2 C
relative humidity (55 £ 10%) and lighting (07:00 -
19:00 h) conditions, with food and water made
available ad libitum. After 1 week of acclimatization,
BJIG was administered orally.

4. Measurement of longitudinal bone growth

To investigate the effect on longitudinal bone
growth, tetracycline was used as a fluorescence
marker to label the bone line on the surface of the
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tibia. Tetracycline plays the role of fluorescent dye
under ultraviolet illumination. The longitudinal bone
growth rates were assessed by measuring the length
between the fluorescent line formed by tetracycline
and the epiphyseal end line of the growth plate. On
the third day of the experimentation process, all rats
were injected intraperitoneally with tetracycline
hydrochloride (20 mg/kg, Sigma Chemicals Co., USA).
On the fifth day, all animals were anesthetized using
ether and then sacrificed. The control group (vehicle,
p.0.) was administered twice daily. The BJIG treated
group (300 mg/kg, p.o.) was administered twice daily.
This treatment was maintained for 4 consecutive
days in each case.

The dissected tibias were fixed in 4% parafor-
maldehyde for 48 h, and dehydrated by immersion in
30% sucrose for one day. Each bone sample was
sectioned longitudinally at a thickness of 40 um with
a sliding microtome (HM440E, Zeiss, Germany).
Measurements and calculations of bone growth were
obtained by use of a computer program (Optimas 6.5,
Optimas Co., Bothell, USA). Focus was placed between
the epiphyseal plate and the fluorescent band formed
by chelating of tetracycline and calcium on the
epiphyseal plate corresponding to injection of tetracy-
cline, which was visible by using a fluorescence
microscope (Olympus, Tokyo, Japan). The mean
values were from three different sections within the
fluorescent band gap.

5. Measurement of height of growth plate

Differential Interference Contrast (DIC) images of
dehydrated sections were taken by a confocal
microscope and the length of growth plate was
measured at three different locations and then an
average value was calculated. And the cell of resting,

proliferative and hypertrophic zone was observed.

6. Measurement of bone morphogenetic
protein—2 and insulin—like growth factor—1
in growth plates

Tissue sections were washed twice in 0.1 M
phosphate buffer saline (PBS) and washed twice in
1% triton X-100 (Sigma, U.S.A.) for 15 min, then
washed twice with 0.5% of bovine serum albumin
(BSA) dissolved in PBS (BSA, Sigma, U.S.A.) for
15 min. The sections were then incubated with goat
BMP-2 primary antibody and rabbit IGF-1 primary
antibody (1:200, Santa Cruz Biotechnology, CA)
over- night at room temperature in a humid chamber.
After 24 h, sections were then washed two times
with 0.5% BSA in PBS, and then incubated with the
biotinylated anti-goat secondary antibody (1:200,
Vector Laboratories, Burlingame, CA) and biotinylated
anti-rabbit

Immuno Research Laboratories, USA) for 1 h

secondary antibody (1:200, Jackson
respectively. After being washed twice with PBS for
15 min, the sections were incubated with avidin-
biotin-peroxidase complex (1:100, Vectastain ABC
Kit, Vector Lab- oratories, Burlingame, CA) for 1 h
at room temperature. After another washing with
PBS, the sections were stained and reacted with
0.05% 3, 3-diaminobenzidine solution containing
hydrogen peroxide in PBS. The reaction was stopped
by washing with PBS, the slides were then
dehydrated with the use of 50%, 75%, 95%, 100%
ethanol and xylene in order. The sections were then
mounted on glass slides with Permount medium
solution (Fisher Scientific, U.S.A.). Micrographs of
sections were taken.

7. Statistical analysis

All results were calculated and expressed as mean
+ SD. All differences between groups were analyzed
by one-way analysis of variance (ANOVA) followed
by Tukey’ multiple comparison test. Values of p<0.05
were considered as significant.
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Results

1. Effect of body weight

Both experimental groups started with similar mean
body weights. Body weights of all groups showed no
difference after 4 days treatment (Fig. 1). This result
suggests that BJIG treatment does not affect body
weight.

2. Effect on longitudinal bone growth
Bone growth effect of BJIG was assessed by

-@- Control (n=12)

taking measurements of the gap between the growth
plate and the band formed by tetracycline at three
different locations to obtain an average number
(Fig. 2)

BIIG caused a significant acceleration of longitudinal
bone growth, 349.7+15.9 ym/day compared to the
control group 319.8+21.4 pm/day (Fig. 3).

These data imply that BJIG showed a significant
increase in the longitudinal bone growth compared to
the control.
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Fig. 1. Change of body weight during Bojungikgitang-gagambangtreatment in adolescent rats. Control, control group
{vehicle, p.0.); Bojungikgitang-gagambang, Bojungikgitang-gagambang—treatedgroup (300 mg/kg, p.o.). Each value

is shown as mean + SD (n=12).
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Fig. 2. Fluorescent photomicrographs of longitudinal sections at the growth plate in the proximal tibia. The fluorescent line
corresponds to the injection of tetracycline {20 mg/kg), which binds with calcium and can be detected by ultraviolet
ilumination. The arrow between the fluorescent line formed by tetracycline and the epiphyseal end line of the
growth plate indicates the length of bone growth during the 48 h Control, control group {vehicle, p.0.); Bojungikgitang-
gagambang, Bojungikgitang-gagambang-treated group (300 mg/kg, p.o.).
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Fig. 3. Longitudinal bone growth rate during Bojungikgitang-gagambang treatment in adolescent rats. Control, control
group {vehicle, p.0.); Boungikgitang-gagambang, Bojungikgitang-gagambang-treated group (300 mgkg, p.o.).
Each value is shown as mean = SD {(n=12). =p<0.01, significant difference compared with control.

3. Effect on growth plate height

Longitudinal bone growth depends on a complex
synchronization of the rate of proliferation, advance-
ment and development of hypertrophy, which results
in the longitudinal expansion and progression of the
growth plate. The heights of the total growth plates
were measured at three different locations within the
growth plate for each sample and animal in each
group by histological study. The overall growth plate
zone was divided to the resting zone (RZ, a layer of
irregularly
proliferative zone (PZ, wherein the cells divide along

small, round cells arranged), the
the long axis of the bone in regular columns), and
the hypertrophic zone (HZ, large, glycogen-filled
cells).

The proximal tibia growth plate in the control

group was 515.5+39.7 im thick; the BJIG group

600

Height of growth plate (um)

o

Control

was 517.0£23.5 ym Fig. 4). The difference between
the control and BJIG group for the growth plate
height was not statistically significant, but the size of
the cells in the proliferation zone and hypertrophic
zone was observed as somewhat larger than the
control group (Fig. 5). This result may be related
with the proliferation of cartilage cells. However,
further studies should be performed to -clearly
analyze these results.

4. Effects on BMP—2 and IGF—1 expression

Immunohistochemical studies were performed to
evaluate the expression of BMP-2 and IGF-1 in the
three major principle zones of the growth plate.
BMP-2 as well as IGF-1 staining showed the highest
change in the cytoplasm of the hypertrophic zone
chondrocytes. Treatment of BJIG increased markedly

Bojungikgitang-gagambang

Fig. 4. Height of growth plate. Control, control group {vehicle, p.o.); Bojungikgitang-gagambang, Bojungikgitang—
gagambang- treated group (300 mg/kg, p.o.). Each value is shown as mean = SD (n=12).
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Fig. 5. Photographs of growth plates in a proximal tibia. Representative DIC images of growth plate sections including the
three zones in adolescent rat. Sections of tibia growth plates in the control group (A), Bojungikgitang-gagambang
300mg/kg group (B). RZ, resting zone; PZ, proliferative zone; HZ, hypertrophic zone; Scale bar = 100 um

Control Bojungikgitang-gagambang

3

Fig. 6. Immunohistochemical localization of BMP-2 on the growth plate in adolescent rats. Control, control group (vehicle,
0.0.); Bojungikgitang-gagambang, Bojungikgitang-gagambang-treated group (300 mg/kg, p.o.). {A, D) resting zone
(R2) (B, E) proliferative zone (PZ) (C, F) hypertrophic zone (HZ). Scale bar = 50 #m

Control Bojungiktang-gagambang

Fig. 7. Immunochistochemical localization of IGF-1 on the growth plate in adolescent rats. Control, control group {(vehicle,
0.0.); Bojungikgitang-gagambang, Bojungikgitang-gagambang-treated group (300 mg/kg, p.o.). (A, D) resting zone
(RZ2) (B, E) proliferative zone (PZ) (C, F) hypertrophic zone (HZ). Scale bar = 50 un
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the BMP-2 and IGF-1 expression in hypertrophic
zone chondrocytes of the growth plates (Fig. 6 and
Fig. 7). Both the number and intensity of BMP-2 and
IGF-1 positive cells were increased in the hypertrophic
zone. In contrast, staining of BMP-2 was lighter in
the proliferative zone chondrocytes. This supportsthat
the BMP-2 and IGF-1 expression and chondrogenesis
effect of BJIG were correlated.

Discussion

In this study, BJIG significantly increased longitudinal
bone growth compared to the control group without
significant body weight difference; the height of the
overall growth plate was not significantly increased
compared to the control group, but the size of cells
in the proliferative zone and hypertrophic zoneincreased.
In the immunohistochemical study, BMP-2 and
IGF-1 were markedly expressed in the proliferative
or hypertrophic zone, respectively.

The growth in height is a result of endochondral
proliferation in growth plates and conversion of
chondrocytes into new bone. The growth plate is a
highly organized cartilage structure entrapped between
the epiphyseal and metaphyseal bone at the distal
ends of the long bones'. Longitudinal growth occurs
at the growth plate by endochondral ossification'>'®,
a process in which cartilage is formed and then
remodeled into bone. BJIG caused a significant
acceleration of longitudinal bone growth compared to
the control group. This result suggests that BJIG
enhance the height growth in adolescent rats. This
effect is considered to be related GH stimulating

9 and

effect of P.ginseng'” and A.membranaceus"™
we cannot exclude the synergic action of other herbs
(Fig. 2 and 3).

Body weight is one of the important growth
parameters with height, and infant weight gain is
correlated with childhood height””. On investigation
of body weight change rate, there was no significant

difference between the BJIG-treated group and the

control group for 4 days. However, it may not be
enough to measure the effects of BJIGon body
weights for only 4 days (Fig. 1).

In the BIJIG-treated group, the height of the
overall growth plate was not significantly increased
compared to the control group but the cell sizes in
the proliferative and hypertrophic zones were
observed larger than in the control group. The linear
growth of long bones is achieved at the growth
plate, a layer of cartilage situated between the
epiphysis and metaphysis. The chondrocytes of the
growth plate exist within a cartilaginous matrix and
are arranged in specific layers, or zones. In order
from the epiphysis to the metaphysis, these are the
RZ (a layer of small, round -cells irregularly
arranged), the PZ (wherein the cells divide along
the long axis of the bone in regular columns), the
prehypertrophic zone, and finally the HZ (large,
glycogen-filled cells)>"*?. The proliferative zone
chondrocytes
columns parallel to the long axis of the bone. The

contains  replicating arranged  in
proliferative chondrocytes located farthest from the
resting zone stop replicating and enlarge to become
hypertrophic chondrocytes™. Growth plates in which
hypertrophic  chondrocytes became larger, grew

faster™.

This result suggests that BJIG increases
hypertrophy of chondrocytes at the proliferative and
hypertrophic zone in growth plate, and results in
increasing longitudinal bone growth (Fig. 4 and 5).

BJIG promoted BMP-2 and IGF-1 generation in
bone growth plate, compared to control. BMP is a
member of the TGF- family and acts as growth and
differentiation factors. BMPs play an important role
in skeletal development. These glycoproteins were
initially characterized by their ability to induce
ectopic cartilage and bone formation in soft
tissues™. Of the BMP family, BMP-2 is known as a
positive regulator of growth plate chondrogenesis.
BMP-2 plays an important role in the development
of epiphyseal growth plates™, and stimulates
longitudinal bone growth by increasing growth plate
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chondrocyte proliferation, hypertrophy, and, at high
concentrations, cartilage matrix synthesis'”. IGF-1 is
a growth factor structurally like insulin and induces
subsequent cellular activities, particularly on bone
growth. The IGF-1 receptor, like the insulin receptor,
has intrinsic tyrosine kinase activity””. Mechanism of
IGF-1 action in promoting statural growth involves
'insulin- like' anabolic effects, supporting the
extraordinary biosynthetic activity, somatic growth
and matrix production that characterize hypertrophic
chondrocytes™
organization induced by BJIG may be related to

. The changes in the growth plate

transformation in the production of certain cytokines,
including both BMP-2 and IGF-1. This result
suggests that BJIG stimulated longitudinal bone
growth by the increase levels of local IGF-1 and
BMP-2 (Fig. 6 and 7).

Taken together, BJIG increased longitudinal bone
growth and stimulated chondrocyte hypertrophy in
the growth plates by regulation of IGF-1 and BMP-2
levels. In conclusion, our findings can help to
understand the molecular functions of BJIGon bone
growth, and suggest that BJIG can be used as
alternative candidate to GH for increasing bone
growth of children who have ISS or other growth
retardation.

Acknowledgement

This work was supported by a Grant from the
Korea Institute of Oriental Medicine, the KT&G,
and the Second Stage of Brain Korea 21 project in
2010.

References

1. Cohen P, Rogol AD, Deal CL, Saenger P, Reiter
EO, Ross JL et al, 2007 ISS Consensus
Workshop participants. Consensus statement on
the diagnosis and treatment of children with

idiopathic short stature: A summary of the growth
hormone research society, the Lawson Wilkins
Pediatric Endocrine Society, and the European
Society for Paediatric Endocrinology workshop.
J Clin Endocrinol Metab. 2008;93(11):4210-7.
Kelnar CJ. Idiopathic short stature: Considerations
from the clinic-the viewpoint of the paediatric
endocrinologist. Horm Res Paediatr. 2011;76
Suppl 3:35-7.

Wit JM, Reiter EO, Ross JL, Saenger PH, Savage
MO, Rogol AD et al., Idiopathic short stature:
Management and growth hormone treatment.
Growth Horm IGF Res. 2008;18(2):111-35.
Leem K, Park SY, Lee DH, Boo YM, Cho KH,
Lim J et al., Effects of jaoga-yukmiwon(R), a
Korean herbal medicine, on chondrocyte pro-
liferation and longitudinal bone growth in adolescent
male rats. Phytother Res. 2003;17(9):1113-6.
Kim MY, Park Y, Pandit NR, Kim J, Song M,
Park J et al., The herbal formula HT042 induces
longitudinal bone growth in adolescent female
rats. J Med Food. 2010;13(6): 1376-84.
Harada M, Seta K, Ito O, Tamada K, Li T, Terao
H et al., Concomitant immunity against tumor
development is enhanced by the oral administra-
tion of a Kampo medicine, hochu-ekki-to(TJ-41:
Bu-zhong-yi-qi-tang). Immunopharmacol Im-
munotoxicol. 1995;17(4):687-703.

Ito H, Shimura K. Studies on the antitumor
activity of traditional Chinese medicines. (1).
Gan To Kagaku Ryoho. 1985;12(11):2145-8.
Jeong JS, Ryu BH, Kim JS, Park JW, Choi WC,
Yoon SW. Bojungikki-tang for cancer-related
fatigue: A pilot randomized clinical trial. Integr
Cancer Ther. 2010;9(4):331-8.

Kim SH, Lee SE, Oh H, Kim SR, Yee ST, Yu
YB et al, The radioprotective effects of
bu-zhong-yi-qi-tang: A prescription of traditional
Chinese medicine. Am J Chin Med. 2002;30



10.

11.

12.

13.

14.

15.

16.

17.

18.

Effects of Bojungikgitang-gagambang on Longitudinal Bone Growth in Adolescent Rats

(1):127-37.

Yan X, Kita M, Minami M, Yamamoto T,
Kuriyama H, Ohno T et al., Antibacterial effect
of Kampo herbal formulation hochu-ekki-to (bu-
zhong-yi-gi-tang) on helicobacter pylori infection
in mice. Microbiol Immunol. 2002;46(7):475-82.
Koshikawa N, Imai T, Takahashi I, Yamauchi M,
Sawada S, Kansaku A. Effects of hochu-ekki-to,
yoku-kan-san and saiko-ka-ryukotsu-borei-to on
behavioral despair and acetic acid-induced writhing
in mice. Methods Find Exp Clin Pharmacol.
1998;20(1):47-51.

Tkeda S, Kaneko M, Kumazawa Y, Nishimura C.
Protective activities of a Chinese medicine,
hochu-ekki-to, to impairment of hematopoietic
organs and to microbial infection. Yakugaku
Zasshi. 1990;110(9):682-7.

Ishikawa H, Manabe F, Zhongtao H, Yoshii S,
Koiso K. The hormonal response to HCG stimulation
in patients with male infertility before and after
treatment with hochuekkito. Am J Chin Med.
1992;20(2):157-65.

De Luca F, Barnes KM, Uyeda JA, De-Levi S,
Abad V, Palese T et al., Regulation of growth
plate chondrogenesis by bone morpho- genetic
protein-2. Endocrinology. 2001;142(1): 430-6.
Hunziker EB. Mechanism of longitudinal bone
growth and its regulation by growth plate
chondrocytes. Microsc Res Tech. 1994;28(6):
505-19.

lannotti JP. Growth plate physiology and
pathology. Orthop Clin North Am. 1990;21(1):
1-17.

Yoshizato H, Fujikawa T, Shibata M, Tanaka M,
Nakashima K. Stimulation of growth hormone
gene expression in the pituitary and brain by
panax ginseng C. A. MEYER. Endocr J. 1999;46
Suppl:S85-8.

Liu HJ, Wang XP, Lin J, Yu YC, Jiang XQ,

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

(185)

Zhang XL et al., Zhou ZT, Zhang WD. The effect
of icariin and astragalosid I on the proliferation
and differentiation of bone marrow stromal cells.
Zhong Yao Cai. 2006;29(10):1062-5.

Kim C, Ha H, Kim JS, Kim YT, Kwon SC, Park
SW. Induction of growth hormone by the roots
of astragalus membranaceus in pituitary cell
culture. Arch Pharm Res. 2003;26(1):34-9.
Demerath EW, Jones LL, Hawley NL, Norris
SA, Pettifor JM, Duren D et al., Rapid infant
weight gain and advanced skeletal maturation in
childhood. J Pediatr. 2009;155(3):355-61.
Hutchison MR, Bassett MH, White PC. Insulin-like
growth factor-I and fibroblast growth factor, but
not growth hormone, affect growth plate
chondrocyte proliferation. Endocrinology. 2007;
148(7):3122-30.

Robson H. Bone growth mechanisms and the
effects of cytotoxic drugs. Arch Dis Child.
1999;81(4):360-4.

De Luca F. Impaired growth plate chondrogenesis
in children with chronic illnesses. Pediatr Res.
2006;59(5):625-9.

Mackie EJ, Tatarczuch L, Mirams M. The skeleton:
A multi-functional complex organ. The growth
plate chondrocyte and endochondral ossification.
J Endocrinol. 2011;211(2):109-21.

Urist MR. Bone: Formation by autoinduction.
Science. 1965;150(698):893-9.

Wozney JM, Rosen V. Bone morphogenetic
protein and bone morphogenetic protein gene
family in bone formation and repair. Clin Orthop
Relat Res. 1998;(346)(346):26-37.

Huang Y, Kim SO, Yang N, Jiang J, Frank SJ.
Physical and functional interaction of growth
growth factor-I
signaling elements. Mol Endocrinol. 2004;18(6):
1471-85.

Wang J, Zhou J, Cheng CM, Kopchick JJ, Bondy

hormone and insulin-like



(186) The Journal of Korean Oriental Medicine 2012;33(2)

CA. Evidence supporting dual, IGF-I-independent longitudinal bone growth. J Endocrinol. 2004;
and IGF-I-dependent, roles for GH in promoting 180(2):247-55.

10



