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Abstract — This study investigated the effect of FSG-CA, a combined extract of Centella asiatica and Portulaca
oleracea, on longitudinal bone growth in female Sprague-Dawley (SD) rats. While previous studies have
demonstrated the growth-promoting activity of FSG-CA in males, the potential sex-dependent effects remain
unclear. Four-week-old female SD rats received FSG-CA (50 or 100 mg/kg BW/day), vehicle, or recombinant
human growth hormone for five weeks. FSG-CA administration significantly enhanced tibial growth plate (GP)
height, endochondral bone formation, and chondrocyte proliferation compared with controls. In the liver, FSG-
CA increased mRNA expression of insulin-like growth factor-1 (IGF-1) and IGF binding protein-3 (IGFBP-3),
while in the GP, IGF-1 and bone morphogenetic protein-2 (BMP-2) expression were upregulated. Serum growth
hormone levels were increased. These findings suggest that FSG-CA promotes longitudinal bone growth in
females during puberty, potentially via modulation of the GH-IGF-1 axis and local GP signaling pathways.
Keywords — Centella asiatica, Portulaca oleracea, Longitudinal bone growth, Female, Growth plate

Introduction

Centella asiatica is a perennial herbaceous creeper that
is traditionally used as an herbal medicine. It exhibits
various pharmacological activities, such as wound
healing!? and antioxidant® properties, primarily attributed
to its triterpene compounds, including asiaticoside, asiatic
acid, and madecassoside.*> Portulaca oleracea is a
succulent annual plant that has been used as an herbal
medicine in many countries.® It exhibits a wide range of
pharmacological effects, including antioxidant’ and anti-
inflammatory® properties, which are attributed to its
diverse bioactive constituents, such as flavonoids, alkaloids,
fatty acids, terpenoids, and sterols.®

Short stature is defined as a height that falls more than
two standard deviations below the mean for a given age,
sex, and population group.” Children with short stature
often experience behavioral and psychosocial challenges,
including diminished self-esteem, delayed social maturation,
or being targets of bullying.' Individuals with below-
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average height, even those who do not meet the
diagnostic criteria for short stature, have been shown to
experience a reduced health-related quality of life."
Given the recognized role of stature in both physical and
psychological development during childhood and adole-
scence, there is increasing scientific and clinical interest in
the management and treatment of this condition.

Recombinant human growth hormone (rhGH), ad-
ministered subcutaneously, is the standard treatment for
short stature caused by growth hormone deficiency."
However, the clinical effectiveness of thGH in treating
idiopathic short stature, which accounts for approximately
80% of all cases of short stature, remains debated due to
the relatively limited gains in final height."* Concerns also
exist regarding long-term use, daily injection pain,
inappropriate use in children with normal height, and
potential side effects in otherwise healthy individuals.'*'®
This has led to increased interest in developing safer and
more effective alternatives. In this context, traditional
herbal medicines that stimulate longitudinal bone growth
are emerging as promising candidates for this purpose.

In a previous in vitro study, we found that C. asiatica
extract and P. oleracea extract, respectively, increased
insulin-like growth factor-1 (IGF-1) and IGF-binding
protein-3 (IGFBP-3) production in hepatocytes and enhanced
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ALP activity in osteoblasts. Furthermore, their combination
exhibited a synergistic effect.'®!” Additionally, our previous
in vivo study showed that the combined extract of C.
asiatica and P. oleracea (FSG-CA) promoted longitudinal
bone growth in adolescent male Sprague-Dawley rats.'¢

Sex-based differences in responses to natural compounds
are well recognized, as males and females may exhibit
different pharmacological effects that can influence both
efficacy and safety.'®'® Moreover, skeletal growth and
maturation are regulated by complex interactions among
endocrine, paracrine, and autocrine factors and are
profoundly influenced by sex. During puberty, sex
hormones play crucial roles in growth plate maturation
and longitudinal bone growth, resulting in sex-specific
patterns of skeletal development.*®*' Therefore, the
biological responses to growth-promoting agents may
differ between males and females. Despite the growth-
promoting effects of FSG-CA observed in males, its
efficacy in females has not yet been investigated.
Evaluating FSG-CA in female animals is important not
only to determine whether its growth-promoting activity
is maintained across sexes but also to identify potential
sex-dependent differences in efficacy. Therefore, in the
present study, we investigated the effects of oral
administration of FSG-CA on longitudinal bone growth in
adolescent female Sprague-Dawley rats.

Experimental

Preparation of FSG-CA - FSG-CA, provided by
Frombio Co. Ltd. (Yongin, Korea), was prepared according
to a previously described method.'®** Briefly, the C.
asiatica extract (CAE) was produced by extracting the
dried leaves of C. asiatica with a 30-fold volume of 70%
edible ethanol at 50°C for 6 h, followed by filtration,
vacuum concentration, and freeze-drying. The P. oleracea
extract (POE) was prepared similarly, using the dried
whole plant and a 20-fold volume of 70% edible ethanol
under the same extraction method. CAE and POE were
then blended evenly in a 1:1 ratio to the standardized
mixture, used as FSG-CA.

Determination of asiatic acid and adenosine in FSG-
CA — Asiatic acid and adenosine were selected as marker
compounds for the standardization of FSG-CA because
they are representative bioactive constituents of C. asiatica
and P. oleracea, respectively, and have been widely used
for quality control of these medicinal plants.*”* The
contents of asiatic acid and adenosine in FSG-CA were
analyzed by HPLC using a Shimadzu LC-20ADXR

169

system (Shimadzu, Kyoto, Japan), equipped with a Zorbax
SB-C18 column (250 x 4.6 mm, 5 pum, Agilent Techno-
logies, Santa Clara, CA, USA) for asiatic acid and a
Cadenza CD-C18 column (150 x 4.6 mm, 5 pm, Imtakt,
Kyoto, Japan) for adenosine, respectively. The photodiode
array detector was set at 210 nm and 260 nm for asiatic
acid and adenosine. The mobile phase for analysis of
asiatic acid consisted of 0.1% formic acid in water (A)
and acetonitrile (B). The gradient elution program was as
follows: (A) 55% and (B) 45% at 20 min, (A) 10% and
(B) 90% at 30 min, (A) 55% and (B) 45% at 40 min. The
mobile phase for analysis of adenosine consisted of 50
mM monobasic potassium phosphate (KH,PO,) in water
(A) and methanol (B). The gradient elution program was
as follows: (A) 90% and (B) 10% in the 40 min. Both
analyses were performed at a flow rate of 1 mL/min and
an injection volume of 10 pL. Asiatic acid and adenosine,
used as reference standards, were purchased from Tokyo
Chemical Industry (Tokyo, Japan) and Sigma-Aldrich (St.
Louis, MO, USA), respectively.

Ethical statement and animal care — The animal
experimental protocols were approved by the Institutional
Animal Care and Use Committee of Hallym University
(approved number: Hallym 2023-45) and carried out in
compliance with standard guidelines for the care and use
of laboratory animals. Female SD rats, three weeks old,
were purchased from Dooyeol Biotech Co., Ltd. (Seoul,
Korea) and kept in a controlled environment (temperature:
23 £ 3°C; relative humidity: 50 £ 10%; 12 h light/dark
cycles), with free access to a commercial rodent diet and
tap water.

Experimental design and treatment — After 7-day
acclimatization, the rats were randomly divided into four
groups: a vehicle-treated group (FCON), a group treated
with 50 mg/kg body weight (BW)/day FSG-CA (FF50), a
group treated with 100 mg/kg BW/day FSG-CA (FF100),
and a group treated with 200 mgkg BW/day rhGH
(FGH). The FF50 and FF100 groups were administered
FSG-CA orally once for five weeks, with the doses
dissolved in sterile water, whereas the FGH group received
daily subcutaneous injections of thGH at 200 mg/kg BW
for five weeks. The animal’s initial and final BW and
lengths (from nose to tail, NT) were measured. After the
final administration, the rats were anesthetized using 2—
3% isoflurane/N,O/O, mixture, and blood was collected
from the orbital vein. Euthanasia was carried out using
carbon dioxide asphyxiation, after which the livers,
ovaries, and uteri were collected and weighed. The tibiae
were also excised, and the soft tissue was removed. They
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were then measured for both weight and length.

Measurement of serum biochemical indicators —
Alanine aminotransferase (ALT) and aspartate amino-
transferase (AST) activities in sera were measured using a
blood chemistry autoanalyzer (Indiko Plus, Thermo
Fisher Scientific, Vantaa, Finland). The levels of estrogen,
GH, IGF-1, and IGFBP-3 in serum were measured using
specific enzyme-linked immunosorbent assay (ELISA)
kits (MyBioSource, San Diego, CA, USA) according to
the manufacturer’s instructions.

Measurement of longitudinal bone growth — Tetra-
cycline hydrochloride was utilized as a fluorescent marker
to indicate the bone growth line on the tibia surface.”* To
evaluate longitudinal bone growth, the rats were given an
intraperitoneal injection of tetracycline hydrochloride (20
mg/kg BW, Sigma-Aldrich) 72 h before sacrifice. The
dissected tibia was fixed in 4% paraformaldehyde, de-
calcified using Calci-Clear Rapid (National Diagnostics,
Atlanta, GA, USA), embedded in OCT compound (Sakura
Finetek, Torrance, CA, USA), and longitudinally sectioned
at 30 mm thickness using a cryostat (MICROM HM520,
Thermo Scientific, Walldorf, Germany). The sections
were then examined under a microscope (Axiolmager,
Carl Zeiss, Jena, Germany). Longitudinal bone growth
was determined by measuring the distance between the
fluorescent line and the epiphyseal end line of the growth
plate (GP) using Image M1 Software AxioVision 4.8
(Carl Zeiss).

Measurement of epiphyseal growth plate height —
The dissected tibia was fixed, decalcified, embedded in
paraffin, longitudinally sectioned at 5 pm thickness, and
stained with hematoxylin and eosin (H&E, Sigma-
Aldrich) according to the manufacturer’s instructions. The
stained tissues were observed and photographed under a
microscope (Axiolmager, Carl Zeiss) in a blind manner.
The height of the epiphyseal GP was measured at three
different sites using Image M1 Software AxioVision 4.8
(Carl Zeiss).

Immunofluorescence (IF) staining — Sections of paraffin-
embedded tibia tissues were deparaffinized, rehydrated,
and blocked with 5% bovine serum albumin. IF staining
was performed using primary antibodies against IGF-1
and bone morphogenic protein (BMP)-2 (Santa Cruz Bio-
technology, Santa Cruz, CA, USA), followed by secondary
antibodies conjugated with fluorochrome (Alexa-488 or
564). The nuclei were counterstained with 4’,6-diamidino-
2-phenylindole. The stained sections were blindly observed
and imaged under a microscope (Axiolmager, Carl Zeiss).

Assessment of IGF-1 and IGFBP-3 mRNA expression
in the livers — Total RNA from the liver tissue was
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extracted using TRIzol reagent (Invitrogen Life Techno-
logies, Carlsbad, CA, USA). Single-strand complementary
DNA synthesis was performed using a HyperScript™ RT
Master Mix kit (GeneAll Biotechnology, Seoul, Korea).
Real-time polymerase chain reaction (PCR) was performed
using gene-specific primers as previously reported' and a
QuantiNova SYBR Green PCR kit (Qiagen), as described
elsewhere.”® The relative mRNA expression levels of the
target genes were normalized to those of glyceraldehyde
3-phosphate dehydrogenase (Gapdh).

Statistical analysis — Statistical analyses were conducted
utilizing the Statistical Analysis System (SAS) software,
version 9.4 for Windows (SAS Institute, Cary, NC, USA).
Data are presented as the mean + standard error of the
mean (SEM). Differences between groups were analyzed
by one-way analysis of variance, followed by Duncan’s
multiple comparisons test for post-hoc comparisons. A p-
value less than 0.05 was considered to indicate a
statistically significant difference.

Results and Discussion

C. asiatica extract and P. oleracea extract contain
various bioactive compounds. Among the compounds in
C. asiatica, asiatic acid—a metabolite of asiaticoside—
promotes wound healing by stimulating collagen synthesis
and cell proliferation®® and enhances IGF-1 activity.”’
Adenosine, one of the bioactive compounds in P. oleracea,
facilitates osteoblast differentiation while inhibiting osteo-
clast activity.”® Based on these properties, asiatic acid and
adenosine are considered key bioactive compounds in
FSG-CA for their growth-promoting potential. To charac-
terize and standardize FSG-CA, HPLC was performed to
quantify the levels of asiatic acid and adenosine. Distinct
peaks corresponding to asiatic acid and adenosine were
observed at retention times of 13.022 min (detected at 210
nm) and 11.481 min (detected at 260 nm), respectively,
matching those of their reference standards. The clear
separation of these peaks from adjacent components
demonstrated the high specificity of the developed
analytical method. Quantitative analysis revealed that
FSG-CA contained 13.38 mg/g of asiatic acid and 1.10
mg/g of adenosine (Fig. 1).

Lee et al.'® previously demonstrated that oral admini-
stration of FSG-CA did not cause adverse effects in
adolescent male SD rats. To determine whether FSG-CA
elicits similar effects in females, we measured BW, liver
weight, and serum ALT and AST activities following five
weeks of oral FSG-CA administration. No significant
changes were observed in BW gain, liver weight, or
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Fig. 1. HPLC chromatograms of FSG-CA. (A) Standard, 0.4 mg/mL asiatic acid. (B) 5 mg/mL FSG-CA. (C) standard, 0.5 mg/mL

adenosine. (D) 10 mg/mL FSG-CA.

serum ALT and AST activities in female rats administered
FSG-CA (Table 1). Given that natural compounds with
growth-promoting properties in females may exert estro-
genic or other hormone-like activities that could affect
pubertal onset,” we further examined the impact of FSG-

CA on pubertal development by measuring uterine and
ovarian weights and serum estrogen levels. FSG-CA
administration did not significantly alter the weights of
these reproductive organs. Furthermore, FSG-CA admini-
stration did not significantly alter serum estrogen levels
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Table 1. Effect of FSG-CA administration on body weight, organ weights, serum ALT and AST activities, and serum estrogen level in

adolescent female SD rats.

FCON FF50 FF100 FGH

Initial body weight (g) 76.6 £2.9 73.8+3.3 73.6+£23 754+25

Final body weight (g) 228.5+6.2 222.4+45 225.0+6.5 227.8+6.5

Body weight gain (g/day) 434+0.12 4.25+0.05 433+£0.12 435+0.13

Liver weight (g) 8.37+0.18 7.83 £0.28 8.39+0.39 8.45+0.44
Ovary weight (g) 0.137 £ 0.007 0.148 + 0.008 0.151+0.014 0.143 £ 0.007
Uterus weight (g) 0.474 £ 0.045 0.519 £ 0.037 0.470 £ 0.018 0.547 +0.047

Serum ALT activity (U/L) 47.8+5.8 373+45 479+53 440+1.3
Serum AST activity (U/L) 185.0+27.2 161.3 £ 358 188.3 +30.5 179.5+31.6

Serum estrogen (pg/mL) 5.36+0.34 5.13 £0.65 5.07 £0.65 5.24+0.28

Values are expressed as the mean + SEM (n = 8). Values within rows with different superscripts are significantly different at p < 0.05 by

Duncan’s multiple range test.

(Table 1). These findings suggest that FSG-CA is well-
tolerated and does not induce observable toxicological
effects at doses up to 100 mg/kg BW/day in female SD
rats. Nonetheless, additional studies are warranted to fully
characterize its safety profile in humans.

To examine the effect of FSG-CA on height growth, we
measured the initial and final NT lengths and calculated
the NT length gain. No significant differences in the
initial NT length were observed among the experimental
groups. Although the final NT length exhibited an
increasing trend following FSG-CA administration, the
change did not reach statistical significance. The NT
length gain, which represents the difference in NT length
before and after FSG-CA administration, was significantly
greater in both the FF100 and FGH groups compared to
the FCON group. NT length gain increased by 9.2% in
the FF100 group and by 16.2% in the FGH group,
respectively, compared to the FCON group (Table 2).

Among long bones commonly used to assess skeletal
growth, including the femur, tibia, and fibula, the tibia is
considered the most reliable indicator of stature; therefore,
both its length and weight were measured as representative

markers of skeletal growth.*® To evaluate the effects of
FSG-CA on skeletal growth, tibial weight and length
were assessed. Administration of FSG-CA at a dose of
100 mg/kg BW/day, as well as treatment with rhGH at a
dose of 200 mg/kg BW/day, significantly increased both
the length and weight of the tibia. Compared to the
FCON group, tibial length increased by 3.1% and 2.9% in
the FF100 and FGH groups, respectively. Similarly, tibial
weight increased by 9.8% and 9.2% in the FF100 and
FGH groups, respectively (Table 2).

Lee et al.'® reported that administration of FSG-CA at a
dose of 100 mg/kg BW/day for 5 weeks in adolescent
male SD rats resulted in a 4.8% increase in NT length
gain compared to the control group; however, no significant
changes were observed in tibial length and weight. These
findings suggest that FSG-CA may exert a more
pronounced growth-promoting effect on longitudinal bone
growth in females than in males.

To evaluate the effect of FSG-CA on endochondral
ossification and its longitudinal bone growth, tetracycline
fluorescent labeling was employed to bind to newly
formed bones within the GP. As shown in Fig. 2A, FSG-

Table 2. Effect of FSG-CA administration on body length and tibia length in adolescent female SD rats.

FCON FF50 FF100 FGH
Initial NT length (cm) 23.9+03 23.8+0.5 23.4+04 22.7+0.3
Final NT length (cm) 38.1+03° 38.7+0.3% 38.7+0.4%® 392+0.3°
NT length gain (cm) 142+05°¢ 150+ 04" 155+£03%® 16.5+0.4%
Tibia length (mm) 34.12+0.38° 3511+ 0.26 35.19+0.20° 35.10+0.13*
Tibia weight (g) 0.500 + 0.014" 0.531+0.010% 0.549 + 0.015°® 0.546 + 0.011°

Values are expressed as the mean + SEM (n = 8). Values within rows with different superscripts are significantly different at p < 0.05 by

Duncan’s multiple range test.
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CA administration resulted in a significant increase in
longitudinal bone growth compared to the FCON group,
reaching levels comparable to those observed in the
positive control group (FGH). There was no significant
difference between the FSG-CA administration of 50 mg/
kg BW/day (FF50) and 100 mg/kg BW/day (FF100) (Fig.
2A). These findings indicate that oral administration of
FSG-CA at both 50 mg/kg BW/day and 100 mg/kg BW/
day promotes longitudinal bone growth to a similar extent
as subcutaneous injection of thGH at 200 ug/kg BW/day
in adolescent female rats.

The GP is a cartilaginous region located between the

>
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metaphysis and epiphysis at the ends of long bones.
Within the GP, chondrocytes coordinate longitudinal bone
growth through a series of tightly regulated processes,
including proliferation, hypertrophy, apoptosis, extracellular
matrix production, mineralization, and vascular invasion.
The height of the GP serves as an essential morphological
indicator of endochondral ossification.’’ The height of the
proximal tibial GP was measured using H&E staining.
Representative histological images of H&E-stained sections
are presented in Fig. 2B. Quantitative analysis revealed
that the FF50, FF100, and FGH groups exhibited
significant increases in GP height by 6.5%, 23.7%, and
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Fig. 2. Effect of FSG-CA on longitudinal bone growth in adolescent female SD rats.

Four-week-old female SD rats were orally administered FSG-CA (50, 100 mg/kg body weight (BW)/day) or subcutaneously injected with
rhGH (200 pg/kg BW/day) for five weeks. (A) The rats were injected intraperitoneally with tetracycline hydrochloride (20 mg/kg BW) 72
h before sacrifice. The tibia section was observed under a fluorescence microscope to measure the longitudinal bone growth. (B) The tibia
section was stained with hematoxylin and eosin (H&E). Representative H&E-stained images of tibia tissues (» = 8), 100 x magnification,
scale bar = 50 um. (C) The height of the epiphyseal growth plate was measured. Each bar represents the mean £ SEM (n = 8). Means

without a common letter are significantly different at p < 0.05.
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30.5%, respectively, compared to the FCON group (Fig.
2C). These results indicate that oral administration of
FSG-CA increases growth plate height.

Bone elongation after birth is regulated by a complex
interplay between systemic endocrine factors and locally
acting paracrine/autocrine factors. Key endocrine factors
include GH, IGF-1, thyroid hormones, and sex hormones,
with GH recognized as the principal driver of longitudinal
bone growth.** Paracrine/autocrine factors include IGF-1,
BMPs, fibroblast growth factor, vascular endothelial
growth factor, Wnt proteins, and parathyroid hormone-
related protein.* Bone elongation results from the
coordinated interaction between these systemic and local
signaling pathways, which together regulate chondrocyte
proliferation and hypertrophic differentiation within the
GP:> In particular, the GH-IGF-1 axis plays a central role
in promoting longitudinal bone growth.** This regulation
occurs through both endocrine IGF-1 secreted by the liver
in response to GH stimulation, and local IGF-1 produced
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within bone tissue via direct GH action.*

To elucidate the underlying mechanisms contributing to
the observed increases in longitudinal bone growth and
GP height, serum GH levels were first evaluated. Admini-
stration of FSG-CA at dose of 100 mg/kg BW/day led to
a significant elevation in serum GH levels, with the
FF100 group showing a 45.5% increase compared to the
FCON group (Fig. 3A). Given that the liver is the primary
source of circulating IGF-1 and its binding protein
IGFBP-3 in response to GH stimulation,® we next
examined whether FSG-CA administration upregulates
hepatic production of these factors. Quantitative RT-PCR
analysis revealed a dose-dependent increase in hepatic
IGF-1 mRNA expression following FSG-CA admini-
stration. Notably, the FF100 group exhibited approxi-
mately a 4-fold increase in IGF-1 mRNA levels relative
to the FCON group, reaching levels comparable to those
observed in the FGH group (Fig. 3B). In addition, hepatic
IGFBP-3 mRNA expression was markedly elevated by
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Fig. 3. Effect of FSG-CA on growth hormone, IGF-1, and IGFBP-3 expressions in adolescent female SD rats.

Four-week-old female SD rats were orally administered FSG-CA (50, 100 mg/kg body weight (BW)/day) or subcutaneously injected with
rhGH (200 pug/kg BW/day) for five weeks. (A) Serum growth hormone levels were measured. (B, C) The total RNA in the livers was
extracted, reverse-transcribed, and real-time PCR was conducted. The relative mRNA expressions of IGF-1 (B) and IGFBP-3 (C) were
analyzed. (D, E) Serum IGF-1 and IGFBP-3 levels were measured. Each bar represents the mean + SEM (n = 8). Means without a

common letter are significantly different at p < 0.05.
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FSG-CA administration, showing a 4.5-fold increase in
the FF100 group compared to the FCON group (Fig. 3C).
Next, serum levels of IGF-1 and IGFBP-3 were analyzed
using the relevant ELISA kits. The FF50, FF100, and
FGH groups exhibited increases in serum IGF-1 levels by
15.0%, 11.9%, and 8.1%, respectively, compared to the
FCON group. However, there was no significant difference
in serum IGF-1 levels among the experimental groups
(Fig. 3D). These findings indicate that although FSG-CA
administration stimulated GH production and enhanced
hepatic expression of IGF-1 and IGFBP-3, it did not
result in a significant increase in serum IGF-1 or IGFBP-3
levels. When compared with male SD rats, 16 IGFBP-3
showed a similar trend in liver mRNA expression and
serum concentration as in males. However, the case of
IGF-1 differed from that of males: the increase in IGF-1
mRNA expression in the liver was much greater than in
males, whereas the serum concentration was not affected
by FSG-CA administration. This suggests that FSG-CA
may influence longitudinal bone growth by promoting
IGF-1 activity through paracrine or autocrine mechanisms,
rather than via endocrine mechanisms mediated by
circulating IGF-1.

IGF-1 plays a pivotal role in promoting longitudinal
bone growth.*** Evidence suggests that locally synthesized
IGF-1 may have a more critical function than GH in this
process, as IGF-1-deficient mutant models exhibit signifi-
cantly more severe growth impairments compared to
those with disrupted GH function.*” In vitro studies
demonstrated that FSG-CA enhances osteogenic activity
in MC3T3-El osteoblastic cells.”? Furthermore, in
adolescent male SD rats, FSG-CA administration led to
increased IGF-1 expression in the proximal tibia.'® These

FCON

FF50

IGF-1

BMP-2
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findings indicate that bone-derived IGF-1 contributes
substantially to longitudinal bone growth, potentially
mediated by FSG-CA administration. To further investi-
gate this mechanism, IGF-1 protein expression was assessed
in the proximal tibial GP via immunofluorescence staining.
Both FSG-CA and rhGH administration significantly
upregulated IGF-1 expression in the GP relative to the
FCON group (Fig. 4).

We investigated the expression of BMP-2 along with
IGF-1 in proximal tibial GP, given that BMPs are members
of the transforming growth factor-p (TGF-f) superfamily
and act as both growth and differentiation factors. Among
the various BMP isoforms, BMP-2 has been shown to
play a key role in the development of the GP and in
promoting longitudinal bone growth by stimulating the
proliferation and hypertrophy of chondrocytes within the
GP:*® BMP-2 protein expression in the proximal tibial GP
was evaluated by immunofluorescence staining, revealing
that administration of FSG-CA increased BMP-2 ex-
pression compared to the FCON group (Fig. 4). This
finding suggests that FSG-CA administration enhances
endochondral ossification by upregulating BMP-2 ex-
pression, thereby contributing to longitudinal bone growth.

In conclusion, the administration of FSG-CA increased
endochondral bone growth and GP height in adolescent
female SD rats. FSG-CA also increased the mRNA
expression of IGF-1 and IGFBP-3 in the liver. However,
it did not affect circulating IGF-1 and IGFBP-3 concent-
rations. Considering immunohistochemical studies, the
effect of FSG-CA on longitudinal bone growth appears to
be due to an increase in local IGF-1 and BMP-2
expression at the GP. Furthermore, this seems to be
mediated through the GH-IGF-1 axis, predominantly via

FF100 FGH

Fig. 4. Effect of FSG-CA on IGF-1 and BMP-2 expressions in the tibia of adolescent female SD rats.
Four-week-old female SD rats were orally administered FSG-CA (50, 100 mg/kg body weight (BW)/day) or subcutaneously injected with
rthGH (200 pug/kg BW/day) for five weeks. The tibia section was stained with IGF-1 and BMP-2 antibodies. Representative staining

images are shown (n = 5), 200 x magnification, scale bar = 50 pm.
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local paracrine/autocrine mechanisms rather than systemic
endocrine regulation. These results suggest that FSG-CA
administration during puberty in female SD rats can
increase longitudinal bone growth via the GH-IGF-1
pathway.
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