Story of Astragalus Extract Mixture HT042 which is bone growth material of NEUMED

Height growth
The best welfare for the children
NEUMED’s ‘Astragalus extract mixture’ will help to grow properly.

Bio-venture to create
a happier world
NEUMED is an R&D company specialized in functional raw materials based on natural product.
It was founded in 2003 by a group of researchers from College of traditional Korean Medicine, Kyung Hee University .
Our company produces raw materials for high value-added new medicine and

www.neumed.co.kr

health functional foods from natural products.

Astragalus Extract Mixture HT042 is recognized as a functional food ingredient from
the Ministry of Food and Drug Safety.
It is the result of the continuous studies of children’s height growth started in the early 2000s.
We are committed to helping stunted children around the world suffering from the growth retardation.
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25% of children around the world
suffer from stunting.
Stunted Child,
It refers to a child whose growth has been retarded due to malnutrition or infection for 1,000 days from the
fetus to 2 years of age.
Over 160 million children around the world and one out of every four children under five suffer from
stunting.
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(Source: de Onis et al., 2013)

Stunted children need functional substances
accelerating growth.
While nutrition supply is important to prevent the stunting, stunted children need functional substances
accelerating growth.
Astragalus extract mixture is the functional food ingredient helping the height growth of children.
NEUMED is also studying a nutrition program to prevent the stunting, as well as functional food ingredient
accelerating growth.

How can we grow taller?
Growth factors are important for height
growth.
Growth hormone secreted from anterior pituitary synthesizes growth factor IGF-1 in the liver and growth
plate.
The resulting growth factor IGF-1 binds to growth protein IGFBP-3 and migrates to the growth plate, then
increases the number and size of chondrocytes in growth plate.

Growth hormone

Hormones secreted from
an anterior pituitary to
promote growth throughout
the body

Growth factor
IGF-1

Growth controlling factor
synthesized in the liver by
the growth hormone

Growth protein
makes growth factors
to migrate more and
more certainly to the
growth plate of bone

Growth plate

The part where length
growth occurs in the
arms and legs

Growth protein
IGFBP-3

Active material that carry
growth factors to the growth
plate

Growth proteins are active substances that
carry growth factors.

Growth factors stimulate
the growth plate so that
our height can be grown.
At the ends of the long bone of the children, there is a growth plate.
Growth factors stimulate chondrocytes in the growth plate to
increase the number and size of chondrocytes.
As the number and size of chondrocytes in the growth plate
increase, the height growth rate increases.
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NEUMED is the first company in Korea
to establish ultra-precision measurement
technology, laying the foundation
for bone growth research.
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(Source: Hansson, 1968; Leem, 2002)

In the early 2000s, NEUMED has developed an ultra-precision bone growth rate measurement technology
using tetracycline deposition. Tetracycline gets deposited in newly formed bones, causing a fluorescent line
corresponding to the injection.
By measuring the length between the two fluorescent bands that appear when tetracycline is injected at 48
hours intervals, we can accurately measure the bone growth rate in micrometers and determine the bone
growth rate within a short period of time.
This method was published in the European Journal of Pediatrics in 2002 and also was published in 2003 as
a guideline for health functional food. Using this method, we have screened dozens of natural products for
15 years and discovered highly effective materials.

Astragalus extract mixture,
recognized the possibility of
children’s bone growth for the first
time in Korea by Ministry of Food
and Drug Safety.

The 15 years of research that began in College of traditional Korean medicine, Kyung Hee University have
fruitful results.
Our company has found out the bone growth stimulating effect of Astragalus, Siberian ginseng and Phlomis
umbrosa which were found in traditional Korean medicine.
Astragalus Extract Mixture is the first and the only approved material for height growth of children developed
by bio-venture NEUMED.

Material: Astragalus extract mixture (HT042)
Approval Number: 2014-40
Health claim: Help growth of children’s height
Dose: 1,500mg/day
Original materials: Astragalus membranaceus, Eleutherococcus senticosus, Phlomis umbrosa

“17.2% taller”, two-time clinical trial proved
the effects on bone growth.
In a double-blind, randomized controlled trial for school aged short children, children who took Astragalus
extract mixture showed 17.2% additional height growth.
Multicenter randomized double-blind human study for pre-school aged children which increased the
number of subjects and period of intake reconfirmed additional height growth.
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Growth protein for bone growth increases
with intake of Astragalus extract mixture.
Growth protein IGFBP-3 is significantly increased when children aged 7-12 years intake for 12 weeks.
Growth protein helps growth factor to act properly for a long time.
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It makes bone growth rate faster.
Tetracycline growth rate measurement revealed that the Astragalus extract mixture increased bone growth
rate of adolescent rats
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(Source: Journal of Medicinal Food, 2010)

Bone growth rate increased in Astragalus extract mixture group

Astragalus extract mixture increases the number and the size of chondrocytes in growth plate of rats and
thickens proliferative and hypertrophic zones of growth plate.
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In two weeks computed tomography (microCT), Astragalus extract mixture increased the tibial bone growth
of rats compared with control.
.

Confirmed increase in bone growth in
Astragalus extract mixture group with
computed tomography (microCT)

(Source: eCAM, 2017)

It increases Growth factor which stimulates
the growth plate.
Astragalus extract mixture increased growth factor IGF-1 in liver, blood and growth plate of rats and bone
morphogenetic protein BMP-2 in growth plate
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(Source: Journal of Medicinal Food, 2010, Phytotherapy Research, 2012. eCAM, 2017)

It makes the bone strong too.
Computed tomography (microCT) has shown that Astragalus extract mixture increases bone density and
improves bone microstructure.
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Computed tomography (microCT) confirmed the improvement of bone density and bone
microstructure in Astragalus extract-treated group

(Source: eCAM, 2017)

Astragalus extract mixture does not cause
precocious puberty.
When a girl occurs precocious puberty, menstruation begins by releasing estrogen and estrogen closes the
growth plate.
As Astragalus extract mixture has no estrogen-like action or estrogen-secretagogue action, it does not
cause precocious puberty
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Astragalus extract mixture is safe.
We confirmed the safety through two times of clinical trial for children.
No adverse reactions or toxicity were observed in the single-dose toxicity test and the 13-week repeat dose
toxicity test conducted by GLP institutions.
Astragalus is a safe raw material that has traditionally been used for children in Donguibogam.

Our studies on Astragalus extract mixture
NEUMED and its research team have three bone growth-related patents and published eight SCI and KCI papers.

“Approve special individual functions in bone growth…”
Patent registration 10-0997215

Eur J Pediatr (2002) 161: 406–407
DOI 10.1007/s00431-002-0955-3
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Lovastatin increases longitudinal bone growth and bone morphogenetic
protein-2 levels in the growth plate of Sprague-Dawley rats

“100μm growth of rat, confirmed in 24 hours…”
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Lovastatin increases longitudinal bone growth and bone
morphogenetic protein-2 levels in the growth plate of
Sprague-Dawley rats and may have implications for the
treatment of children.
Lovastatin is a drug widely used to reduce cholesterol
levels in blood. It is known to act via the inhibition of 3hydroxy-3-methylglutaryl coenzyme A (HMG-CoA)
reductase. Recently, Mundy et al. [5] showed that lovastatin increases bone morphogenetic protein-2 (BMP2) levels in human MG-63 osteoblasts, and suggested
that it could be used to treat the loss of bone mass in
rodents. There was, however, no study on longitudinal
bone growth. Keller et al. [3] reported that the longitudinal growth rate of the lower leg was reduced in premature infants. Accordingly, we set out to investigate
whether lovastatin increases longitudinal bone growth in
the growth plate of the adolescent male rat.
Male Sprague-Dawley rats of 3 weeks of age were
used in the experiment. The experimental procedures
were performed in accordance with the animal care
guidelines of the NIH and the Korean Academy of
Medical Sciences. Animals were housed under controlled temperature (20±2�C) and lighting (07:00–
19:00 h) conditions, with food and water made available
ad libitum. Rats were divided into two groups (n=5 in
each group): the control group and the lovastatin-administrated group. Animals of the lovastatin-administrated group were injected intraperitoneally with

K. Leem
Department of Herbal Pharmacology,
College of Pharmacy, Woosuk University,
Chonbuk, South Korea
S-Y. Park Æ D-H. Lee Æ H. Kim (&)
Department of Herbal Pharmacology,
Graduate School of East-West Medical Science,
Kyung Hee University, 1 Hoegi-Dong,
Dongdaemoon-Ku, Seoul 130-701, South Korea
E-mail: heavenok@dreamwiz.com
Tel.: +82-2-9610419
Fax: +82-2-9640325

5 mg/kg lovastatin for every 5 consecutive days
according to [5], while those of the control group were
given equivalent injections of normal saline. The oral
intakes and body weights of both groups were measured
but did not show any statistical diﬀerence (data not
shown). On the 3rd and 5th days after administration,
all animals were injected intraperitoneally with
10 mg/kg tetracycline for measurement of bone growth.
On the 6th day, animals of each group were totally
anaesthetised with ether and sacriﬁced 1 h after an
intraperitoneal injection of 5-bromo-2¢-deoxyuridine
(BrdU, 30 mg/kg) to determine the incorporation into
newly synthesised DNA. The proximal tibia were
excised, ﬁxed for 24 h in 4% paraformaldehyde, and
decalciﬁed by immersion in 10% EDTA for 24 h. Each
sample was sectioned longitudinally (section width
40 lm). Bone growth was calculated by measuring the
gap between successive bands formed by the injected
tetracycline using a ﬂuorescence microscope [2]. Expressed BMP-2 and incorporated BrdU were detected by
avidin-biotin-peroxidase complex-linked immunohistochemistry [1,4]. The proliferating ratio of chondrocytes
in growth plates for 1 h was measured by calculating
labelling indices of BrdU positive chondrocytes [6].
The longitudinal bone growth rate for 48 h in normal
adolescent rats was 489.0±70.1 lm and lovastatin was
shown to promote bone growth, increasing the rate to
780.5±72.8 lm (Fig. 1A) (P<0.05). The labelling index
for proliferating chondrocytes of the lovastatin-administrated group was 32.5±5.7% compared to the control
group (19.0±7.8%, P<0.05). Both the number of
BMP-2-positive cells and the intensity of BMP-2 expression in proliferating, maturing, and hypertrophic
chondrocytes of growth plates were increased in the lovastatin-administrated group (Fig. 1C) compared with
the control group (Fig. 1B).
The increase in body length is mostly due to the
growth of longitudinal bones and their growth is a reﬂection of the proliferation and diﬀerentiation of
chondrocytes in the growth plates. Interestingly, lovastatin increased longitudinal bone growth signiﬁcantly
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ABSTRACT The effect of HT042, a blend of three herbal extracts, on longitudinal bone growth was investigated in shortand long-term rat models. In the short-term model, we divided female Sprague-Dawley rats (3 weeks old) into six groups,
according to treatment: vehicle, HT042 (100 mg=kg), Phlomis umbrosa (100 mg=kg), Astragalus membranaceus (100 mg=kg),
and Eleutherococcus senticosus (100 mg=kg) were administered twice daily, and recombinant human growth hormone (rhGH)
(1 IU) was subcutaneously injected once daily. Treatments were maintained for 4 days in each case. On day 3, tetracycline
(20 mg=kg) was injected intraperitoneally (20 mg=kg) to form the fluorescent band on the growth plates. On days 2–4, 5bromo-20 -deoxyuridine (BrdU) (50 mg=kg) was injected intraperitoneally to label proliferating cells. On day 5, the tibias were
dissected and fixed in 30% sucrose. Dehydrated bone was sectioned at a thickness of 40 mm and observed. The bone growth in
groups administered HT042 and rhGH was significantly increased to 433.50 ± 21.61 and 434.49 ± 15.21 mm=day, respectively,
from 410.03 ± 17.4 mm=day (control). The height of the growth plates in the HT042 and rhGH groups was also significantly
increased to 556.5 ± 21.1 and 544.2 ± 21.1 mm (P < .05), respectively, from 518.1 ± 4.1 mm (normal). The number of BrdUpositive cells in chondrocytes of the HT042 and rhGH groups was increased to 389 ± 36 and 627 ± 39 cells=mm2 (P < .001),
respectively, from 264 ± 17 cells=mm2 (control). Insulin-like growth factor-1 and bone morphogenetic protein-2 in the HT042
group were highly expressed in the growth plate. In the long-term rat model, the body weight, nose–tail length, and nose–anus
length were measured by microknemometry for 4 weeks. The body weight of the rhGH group was significantly increased. The
nose–anus length of the HT042 and rhGH groups was significantly greater at 18.5 ± 0.3 and 18.7 ± 0.3 cm compared to
18.2 ± 0.2 cm (control).
KEY WORDS: � Astragalus membranaceus � 5-bromo-20 -deoxyuridine � chondrocyte � Eleutherococcus senticosus
growth plate � HT042 � longitudinal bone growth � Phlomis umbrosa � recombinant human growth hormone
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INTRODUCTION

Angelica sinensis, Poria cocos, and Eleutherococcus senticosus. Furthermore, some herbs were reported to facilitate
bone growth. A. membranaceus was reported to accelerate
the proliferation and promotion of bone marrow stromal
cells2 and to induce GH in pituitary cell culture.3 E. senticosus was reported to promote the longitudinal bone growth
in adolescent male rats4 and to increase bone mineral density
of the mouse tibia.5
Bone growth is a result of endochondral cell proliferation
in growth plates and conversion of chondrocytes into new
bone.6 To track these cells, cell labeling techniques using
5-bromo-20 -deoxyuridine (BrdU) were developed. BrdU is a
thymidine analog that incorporates into DNA of dividing
cells during the S-phase of the cell cycle.7
For this bone growth study based on medicinal herbs we
selected three herbs—the root of A. membranaceus, the stem
of E. senticosus, and the root of Phlomis umbrosa—from
Dongeuibogam and designated the formula HT042. The
bone growth effect of HT042 was investigated in adolescent
female Sprague-Dawley rats. We measured the bone growth
of tibia and BrdU-positive cells on chondrocytes in the

G

rowth retardation in children can be caused by
genetic, nutritional, metabolic, and=or endocrine factors. Malnutrition, metabolic acidosis, and growth hormone
(GH) deficiencies are conditions that can interfere with a
child’s ability to reach normal stature.1 GH replacement
therapy is often used to treat children with short stature, but
many investigators have examined the possible efficacy of
traditional medicinal herbs. For thousands of years, traditional medicinal herbs had been used to treat children with
growth retardation, and the results have been recorded in the
traditional Korean medicinal book, Dongeuibogam. Various
herbal medicines for children had been recommended such
as, among others, Panax ginseng, Astragalus membranaceus, Atractylodes macrocephala, Glycyrrhiza glabra,
Manuscript received 18 January 2010. Revision accepted 20 July 2010.
Address correspondence to: Hocheol Kim, Department of Herbal Pharmacology, College
of Oriental Medicine, Kyung Hee University, 1 Hoegidong, Dongdaemoongu, Seoul 130701, Republic of Korea, E-mail: hckim@khu.ac.kr
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HT042, a new herbal prescription consisting of Astragalus membranaceus, Phlomis umbrosa and Eleutherococcus
senticosus, is used in traditional Korean medicine to stimulate growth in children. This study was conducted to investigate the effects of HT042 on skeletal growth, insulin-like growth factor-1 (IGF-1) and insulin-like growth factor
binding protein-3 (IGFBP-3) levels, and oestrogenic activity in female rats. Female Sprague–Dawley rats were
divided into control, recombinant human growth hormone (rhGH; 20 mg/kg/day), and HT042 (100 mg/kg/day)
groups and treated for 3 weeks. Axial skeletal growth, femur length, and growth plate length were measured every
3 weeks. The serum IGF-1 and IGFBP-3 levels were analysed. Moreover, the oestrogenic activity of the herbal
extracts in the immature and ovariectomized rats was tested. The nose–anus, nose–tail, femur and growth-plate
lengths were increased signiﬁcantly in the HT042 group. Both IGF-1 and IGFBP-3 were highly expressed in the
hypertrophic zone of the growth plate. The serum IGF-1 levels were increased. Moreover, HT042 had no uterotrophic effects in the rats. Consequently, HT042 promoted longitudinal bone growth by stimulating cell proliferation
in the epiphyseal plate and inducing the expression of IGF-1 without an oestrogenic response. HT042 may be helpful
in stimulating growth in children with short stature. Copyright © 2012 John Wiley & Sons, Ltd.
Keywords: HT042; herbal extract; skeletal growth; IGF-1; uterotrophic assay.

INTRODUCTION
It is widely recognized that the growth of children is a
common marker of their health (Kurokawa et al.,
2008) and that growth is regulated by the interaction
of genetic and acquired factors with environmental
inﬂuences (Weedon et al., 2007), especially socioeconomic conditions and nutritional status (Steckel, 2008).
Growth retardation in children has a multifactorial origin. Factors that contribute to growth retardation include
protein–calorie malnutrition, metabolic acidosis and peripheral resistance to growth hormone (GH) in the target
organs, as well as anaemia, renal osteodystrophy and
uremia itself altering the growth hormone/insulin-like
growth factor-1 (GH/IGF-1) axis (Dunkel, 2009).
The current methods for increasing ﬁnal height include
GH treatment alone or together with the gonadotropinreleasing hormone (GnRH) analogue treatment
(Leschek et al., 2004). However, excessive GH treatment
may hasten growth velocity and rapid progression
through puberty, and the combination of GH and GnRH
agonists often decreases bone mineral density (BMD;
Yanovski et al., 2003). In addition, GH administration prevents protein degradation in many diseases. Long-term
treatment with GH increases lean body weight, muscle
and lipid weights. Short-term treatment with GH
increases plasma insulin and IGF-1 concentrations and
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decreases protein concentrations in urine. Moreover, the
administration of GH is limited by its poor absorption
from the gastrointestinal tract. Regarding the economics
of the GH treatment, biosynthetic GH is expensive and
in addition the short- and long-term beneﬁts for the individual are uncertain (Bryant et al., 2007).
During bone growth, several indices and hormone (e.g.
IGF-1, insulin-like growth factor binding protein-3
(IGFBP-3)) levels change. IGF-1 plays essential roles in
growth as a growth-promoting polypeptide. In serum, most
IGF-1 (70–80%) forms a 150-kD complex by binding
with IGFBP-3. IGFBP-3 acts as a regulator of growthdependent IGF-1 signalling through the enhancement of
IGF-1 stability in serum or repression of IGF-1 binding to
the IGF-1 receptor (Binoux and Hossenlopp, 1988; Bar
et al., 1990). In the liver, circulating IGF-1 and IGFBP-3
are synthesized by hepatocytes in a GH-dependent manner
(Richman et al., 2001; Roith et al., 2001). In addition,
IGF-1 is expressed in all non-hepatic tissues, where it acts
in a paracrine/autocrine fashion (Yakar et al., 2002).
In addition, oestrogens also play a pivotal role in
the regulation of normal skeletal growth and maturation
in both boys and girls (Cutler, 1997). In both genders,
oestrogen deﬁciency leads to the absence of a pubertal
growth spurt. When oestrogenic materials enter the
body via the intake of phytoestrogen and endocrine disruptors, sexual maturation is promoted (Kato et al.,
2003). Based on these clinical observations, aromatase
inhibition has been proposed as a potential approach
for growth enhancement in children with short stature
(Cernich et al., 2004; Dunkel, 2006).
Many ongoing studies are attempting to elucidate alternative therapeutic medicines (Ra et al., 2004). Korean
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Abstract: HT042 is a new herbal prescription consisting of Astragalus membranaceus,
Phlomis umbrosa and Eleutherococcus senticosus, which are used in Korean medicine to
stimulate growth in children. We investigated the effects of HT042 on the body weight,
longitudinal bone growth, and bone length in spontaneous dwarf rats (SDR). Male and
female SDRs were divided into three groups: the control group (DW, 10 mL/kg/day), the
recombinant human GH group (rhGH; 500 µg/kg/day), and the HT042 (100 mg/kg/day)
group. Each group received the respective treatments for 10 days. Body weight was
measured on day 10 of treatment. On day 8, tetracycline (20 mg/kg) was injected
intraperitoneally into all individuals to form a fluorescent band on the newly synthesized
bone. On day 10, femur and tibia lengths were measured using PIXImus. Body weight,
longitudinal bone growth, and bone length were not affected in the HT042 group. In
contrast, the rhGH group showed significantly increased body weight, longitudinal bone
growth, and bone length. In conclusion, HT042 does not act through a GH-like effect to
promote longitudinal bone growth.
Keywords: HT042; herbal extract; longitudinal bone growth; spontaneous dwarf rat
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Abstract: This study aimed to investigate the effects of Phlomis umbrosa root on bone growth and
growth mediators in rats. Female adolescent rats were administered P. umbrosa extract, recombinant
human growth hormone or vehicle for 10 days. Tetracycline was injected intraperitoneally to produce
a glowing fluorescence band on the newly formed bone on day 8, and 5-bromo-21 -deoxyuridine
was injected to label proliferating chondrocytes on days 8–10. To assess possible endocrine or
autocrine/paracrine mechanisms, we evaluated insulin-like growth factor-1 (IGF-1), insulin-like
growth factor binding protein-3 (IGFBP-3) or bone morphogenetic protein-2 (BMP-2) in response
to P. umbrosa administration in either growth plate or serum. Oral administration of P. umbrosa
significantly increased longitudinal bone growth rate, height of hypertrophic zone and chondrocyte
proliferation of the proximal tibial growth plate. P. umbrosa also increased serum IGFBP-3 levels and
upregulated the expressions of IGF-1 and BMP-2 in growth plate. In conclusion, P. umbrosa increases
longitudinal bone growth rate by stimulating proliferation and hypertrophy of chondrocyte with the
increment of circulating IGFBP-3. Regarding the immunohistochemical study, the effect of P. umbrosa
may also be attributable to upregulation of local IGF-1 and BMP-2 expressions in the growth plate,
which can be considered as a GH dependent autocrine/paracrine pathway.
Keywords: Phlomis umbrosa; bone growth rate; IGF-1; growth plate

1. Introduction
Short stature is defined as the height of an individual more than two standard deviation score
(SDS) below the average height for an age, sex, and population group [1]. Short children might have
a high frequency of psychosocial problems such as lower self-esteem, social immaturity, or being
bullied [2–5]. People with shorter height are reported to have a lower health-related quality of life
even if they do not fit into the definition of short stature [6]. People with shorter height also have
higher morbidity of coronary heart diseases, perhaps because of the smaller diameter of their blood
vessels [7,8].
Short stature caused by certain diseases, including growth hormone (GH) deficiency, accounts
for 20% of all short children, but the remaining 80% are not determined, so-called idiopathic short
stature (ISS) [1]. In case of GH deficiency, average increase in final height attributable to GH therapy is
about 30 cm compared with predicted adult height [9,10]. In the case of ISS, the US FDA approved GH
therapy in ISS children shorter than ´2.25 SDS in 2003 based on the evidence derived from two clinical
studies [11,12], nevertheless, the average increase in final height attributable to GH therapy in children
with ISS is just 3.5–7.5 cm (4–7 years) [11,13–16]. In this case of ISS, the effect remains controversial
because the estimated cost of GH therapy for adult height gain is about 10,000–20,000 dollars/cm [1,15].
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ABSTRACT
Objectives : HT042 is a combination of three herbal extracts from the roots of Astragalus membranaceus, the stems
of Eleutherococcus senticosus and the roots of Phlomis umbrosa, which has been demonstrated to increase longitudinal
bone growth rate. The aim of this study was to assess the safety of HT042 after repeated oral administration.
Methods : A 14-day repeated oral dose toxicity study was conducted using male and female Sprague–Dawley rats.
HT042 was administered orally at repeated doses of 500, 1,000 and 2,000 ㎎/㎏/day for 14 days. Clinical signs and
mortality were observed daily, whereas body weight and food consumption were recorded weekly throughout the
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experiment. At the end of the study, blood was taken from the posterior vena cava for hematology and serum
biochemistry. All organs of the body surface, subcutis, head, thoracic cavity, and abdominal cavity were observed
grossly. Then, the internal organs were removed and weighed.
Results : No death occurred and no significant changes in clinical sign, body weight, food consumption and serum
biochemistry parameters were observed in male and female rats over the study period. Although there were some
alterations in hematologic and necropsy findings, and organ weights, these changes were not considered toxicologically
significant.
Conclusions : These results suggest that the 14-day repeated administration of HT042 does not produce any significant
oral toxicity at doses of up to 2,000 ㎎/㎏/day in male and female rats under the present experimental conditions.
1)

Key words : HT042, Astragalus membranaceus, Eleutherococcus senticosus, Phlomis umbrosa, toxicity

Ⅰ. 서

론

HT042는 황기, 자오가 및 한속단 추출물 복합물로 골길이
성장을 촉진하는 물질이다1-3). 황기(黃芪)는 콩과(Fabaceae)에

속한 다년생 초본 황기 Astragalus membranaceus의 뿌리로
益衛固表, 利水消腫, 托毒, 生肌의 효능으로 사용되며, 자오가
(刺五加)는 두릅나무과(Araliaceae)에 속한 낙엽관목 가시오

a b s t r a c t
Background: Astragalus extract mixture HT042 is a combination of three standardized extracts from Astragalus membranaceus root, Eleutherococcus senticosus stem, and Phlomis umbrosa root, which has proven
to stimulate children’s height growth.
Purpose: The aim of this study was to demonstrate the safety of HT042 and its three constituent herbs
when administered orally.
Methods: Acute and sub-chronic oral toxicity studies were conducted using male and female Sprague–
Dawley rats. In the acute toxicity study, HT042 and each of the herbs was administered at single doses of
up to 50 0 0 mg/kg. In the 13-week sub-chronic toxicity study, HT042 was administered at repeated doses
of up to 40 0 0 mg/kg/day.
Results: In the acute toxicity study of HT042 and each of the herbs, no deaths occurred and there was
no indication of toxicity, on the basis of clinical signs, body weight, and necropsy ﬁndings. In the subchronic toxicity study of HT042, there were no deaths and no changes in clinical signs or the ﬁndings of
ophthalmic examinations. Although there were some treatment-related changes in other ﬁndings, these
alterations were not considered toxicologically signiﬁcant because they remained within normal ranges
or recovered during the recovery period.
Conclusion: The oral approximate lethal doses of HT042 and each of the herbs were > 50 0 0 mg/kg, and
the no-observed-adverse-effect level of HT042 was 40 0 0 mg/kg/day in male and female rats.
© 2017 Elsevier GmbH. All rights reserved.

Introduction
Astragalus extract mixture HT042 is a combination of three
standardized herbal extracts from Astragalus membranaceus root,
Eleutherococcus senticosus stem, and Phlomis umbrosa root. It has
been developed to promote height growth in children with short
stature.
HT042 was found to stimulate height growth in a 3-month,
placebo-controlled trial, and this was further conﬁrmed in a 6month trial involving 140 children with mild short stature (data
not published). In preclinical studies, HT042 has been shown to
increase longitudinal bone growth rate through chondrocyte proliferation and hypertrophy in growth plates (Kim et al., 2010, 2012).

갈피 Eleutherococcus senticosus의 뿌리 및 줄기로 補腎强腰,
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The mechanism underlying HT042’s activity involves the stimulation of growth hormone secretion (Kim et al., 2013), which is presumed to lead to the systemic production of insulin-like growth
factor-1 and local production of bone morphogenetic protein-2 and
insulin-like growth factor-1 in growth plates (Kim et al., 2010,
2012).
HT042 is considered safe because each of its constituent herbs
has been widely consumed for a long time and has not shown
signiﬁcant adverse effects (Editorial Board of Zhong Hua Ben
Cao, 1999). Nonetheless, even if the herbs are non-toxic when consumed individually, their combination could result in toxic effects
owing to herb–herb interactions (Che et al., 2013). In addition, although a daily intake of 1500 mg has been proven safe and welltolerated in both 3- and 6-month clinical trials, children may ingest excessive amounts over long periods. Furthermore, unlike the
other two herbs, the systemic toxicity proﬁle of P. umbrosa in animals is not well-established yet. To ensure the safety as an agent

http://dx.doi.org/10.1016/j.phymed.2017.03.005
0944-7113/© 2017 Elsevier GmbH. All rights reserved.
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Astragalus extract mixture HT042 is a standardized multiherbal mixture comprising Astragalus membranaceus, Eleutherococcus
senticosus, and Phlomis umbrosa, which has proven to promote children’s height growth. The aim of this study was to investigate
the effects of HT042 on longitudinal bone growth, bone mass, and bone microstructure in growing rats using a high-resolution
microcomputed tomography system. Four-week-old female rats were fed an HT042-containing diet for 2 weeks. Tibial length was
measured at baseline and weekly in vivo. At the end of the study, volumetric bone mineral density (vBMD) and microarchitectural
parameters were estimated in the trabecular and cortical bone of the tibia. Tibial length gain was significantly increased by HT042
compared to that reported with the control diet. In the proximal tibial metaphysis, HT042-treated rats had significantly higher
trabecular vBMD, bone volume fraction, and trabecular number and lower trabecular separation, trabecular pattern factor, and
structure model index values than control rats did. Total cross-sectional area and bone area of the cortical bone in the tibial diaphysis
also increased. These findings suggest that HT042 increases longitudinal bone growth rate, improves trabecular bone mass, and
enhances the microarchitecture of trabecular and cortical bone during growth.

1. Introduction
One of the main functions of bone is to provide structural
support for the body. During childhood, bones grow in size,
accrue mass, and change their architecture to develop a strong
structure for load bearing [1]. The percentile location of an
individual’s bone traits, such as bone mineral density and
trabecular and cortical morphology, all of which determine
bone strength, is likely established during childhood [2–5].
Therefore, the optimization of bone strength during childhood is important for lifelong bone health.
Several studies have demonstrated that short-statured
children have impaired bone health. Low bone mineral
content (BMC) and bone mineral density (BMD) at several
skeletal sites are reported in short children [6–9]. Short
children exhibit increased bone resorption [6] and have

impaired bone structure and bone strength [10]. Growth hormone (GH) treatment has been reported to increase height,
normalize BMD, and improve bone structure and strength in
short children [6, 9, 10]. In addition to well-established effects
on growth plate cartilage, GH exerts anabolic effects on bone
and stimulates new bone formation, which results in greater
bone mass and improved skeletal structure [11, 12].
Astragalus extract mixture HT042 is a standardized
multiherbal mixture consisting of Astragalus membranaceus,
Eleutherococcus senticosus, and Phlomis umbrosa. HT042
was found to increase height growth rate in children with
mild short stature in a 12-week placebo-controlled trial,
which was confirmed by another 24-week trial (data not
published). HT042 has been shown to induce longitudinal
bone growth by stimulation of chondrocyte proliferation
and hypertrophy in growth plates [13, 14]. The mechanism
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Astragalus extract mixture HT042 is a standardized ingredient of health functional food approved by Korean FDA with a claim
of “height growth of children.” HT042 stimulates bone growth rate and increases local IGF-1 expression in growth plate of rats
which can be considered as direct stimulation of GH and its paracrine/autocrine actions. However, it remains unclear whether
HT042 stimulates circulatory IGF-1 which also plays a major role to stimulate bone growth. To determine the effects on circulatory
IGF-1, IGF-1 and IGFBP-3 expressions and phosphorylation of JAK2/STAT5 were evaluated in the liver after 10 days of HT042
administration. HT042 upregulated liver IGF-1 and IGFBP-3 mRNA expression, IGF-1 protein expression, and phosphorylation
of JAK2/STAT5. HT042 also increased bone growth rate and proliferative zonal height in growth plate. In conclusion, HT042
stimulates bone growth rate via increment of proliferative rate by upregulation of liver IGF-1 and IGFBP-3 mRNA followed by IGF1 protein expression through phosphorylation of JAK2/STAT5, which can be regarded as normal functioning of GH-dependent
endocrine pathway.

1. Introduction
Longitudinal bone growth is the result of chondrocyte proliferation and ensuing hypertrophy in growth plates, called
endochondral ossification which is mainly controlled by
a system of growth hormone- (GH-) insulin-like growth
factor-1 (IGF-1) axis [1]. Mammalian growth plate consists of
three principal zones: resting, proliferative, and hypertrophic
zones. In resting zone, GH begins its actions by direct
stimulation of resting stem-like chondrocytes to start proliferation. The following cell replication in proliferative zone
and terminal differentiation and enlargement in hypertrophic
zone are both primarily caused by circulatory IGF-1 [2, 3] and
locally expressed IGF-1 [4].
Circulatory IGF-1 is biosynthesized in the liver as an
endocrine hormone in the ternary form bound to IGF
binding protein-3 (IGFBP-3) and acid labile subunit (ALS),
while IGF-1 is also expressed by nonliver tissues including
growth plate, where it works in a paracrine/autocrine fashion

[5]. For better understanding of the endocrine versus the
paracrine/autocrine roles of IGF-1 in bone growth, previous studies have been used to examine the relative contribution to longitudinal bone growth. It has been widely
reported that longitudinal growth is mainly mediated by
paracrine/autocrine actions of IGF-1 based on the Yakar et al.
study that liver IGF-1 deficient mice developed normally in
spite a 75% reduction in serum IGF-1 levels due to compensatory serum GH and nonhepatic IGF-1 [6, 7]. But, years later,
the same team revealed that circulatory IGF-1 is important
for maintaining normal growth by the study that liver IGF-1
and ALS double knockout mice were much smaller because
there was a decrease in not only IGF-1 production but also
circulatory IGF-1 stability that originated from compensatory
nonliver sources because of the absence of protective ALS
protein [3]. This suggests that circulatory IGF-1 plays a major
role in longitudinal bone growth rate.
Almost 80% of circulatory IGF-1 is produced by liver in
humans and rodents. It is well established that circulatory
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