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in the rhGH group, daily. Body weight and food intake were 
monitored on the 0, 3, 6, and 9th day of the study. On 10th day, 5-
bromo-2Ê-deoxyuridine (BrdU) of 30 mg/kg body weight was 
intraperitoneally injected, and the subjects were sacrificed after 2 
hours.  

Micro-computed tomography analysis 

Micro-CT (SKyScan 1172 X-ray Microtomograph, Antwerp, 
Belgium) was utilized to assess the trabecular bone architecture. 
The proximal tibia was the region of interest because of its rapid 
growth[9]. The acquired 2D shadow/ transmission images were 
used to reconstruct the axial cross-sections by SkyScanÊs cluster 
reconstruction software (NRecon/NRecon Server). With this 
program, five variables were obtained: 1) bone volume fraction 
(ratio of the segmented bone volume to the total volume of the 
region), 2) bone surface/volume ratio, 3) trabecular thickness 
(mean thickness of trabeculae), 4) trabecular number (average 
number of trabeculae per unit length), and 5) trabecular separation 
(mean distance between trabeculae)[10]. 

Radiographic measurement of the total tibia length 

The radiograph showing the entire tibia length was taken at 
55kV/320㎂, and the bone length was directly measured using a 
microfilm reader (OM-FORTE-10121, DK medical system, 
Pyeongtaek, Gyeonggi, Korea). Along the long axis, the distance 
between the proximal and distal articular lines was measured as 
the total tibia length.  

Histomorphologic examination 

While one hind limb of each subject was excised for radiologic 
analysis, the other leg left was fixed in 4% buffered formalin, 
decalcified, and embedded in paraffin. Longitudinal sections of 4-
㎛-thickness were cut and stained with hematoxylin and eosin.  

Assessment of growth plate proliferative activity by 
BrdU-labeling  

BrdU immunohistochemistry was performed according to the 
manufacturerÊs protocol for BrdU staining kit (Invitrogen, Carlsbad, 
CA, USA). In the proliferative zone of the proximal tibial growth 
plate, total number of the chondrocytes and the number of BrdU-
positive chondrocytes were counted using a BX51 microscope 
(Olympus).  

Measurement of serum osteocalcin level 

The serum osteocalcin level was measured by enzyme-linked 
immunosorbent assay with a rat osteocalcin kit (CSB-E05129r from 
Cusabio Biotech Co, Ltd, China) according to the manufacturerÊs 
protocol.  

Statistical analysis 

The data were presented as mean μ SD. Differences between 
groups were analyzed by ANOVA followed by StudentÊs t-test or 
TukeyÊs multiple comparison. P value less than 0.05 was 
considered statistically significant. 

Results and Discussion 

Body weight and food intake change 

Neither the increase of body mass nor the food intake change in 
each group was statistically different.  

Micro-CT analysis of proximal tibia 

All of the evaluated parameters (bone volume fraction, bone 
surface/volume ratio, the thickness and number of trabeculae, and 
trabecular separation) revealed no significant difference among the 
groups (Figure 1). 
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Figure 1.Micro-CT analysis of proximal tibia 

A) Representative micro-CT images of the proximal tibia.  
B) The evaluated parameters in micro-CT analysis. Data represent mean. (p< 0.05 by paired StudentÊs t-test) 

 

Total tibia length 
The total tibia length, measured by radiographic analysis, of the 
rhGH (30.94 mm) and FC groups (30.78 mm) were significantly 
increased, compared to the control group (29.75 mm) (Figure 2).  

 

A 

 
B 



 Lee et al. International Journal of Phytomedicine 6 (4) 573-580 [2014] 

 

PAGE | 576 |

 
 

 
Figure 2.Radiographic measurement of the total tibia length 

 
A) Radiographs show the entire length of tibia. 

B) Data represent mean μ SD (n = 5). (p< 0.05 by paired StudentÊs t-test) 

Growth plate thickness 

Figures 3-5 show the thickness of growth plate in each group. 
Compared to the proliferative zone thickness of the control group  
 

 
(0.38 mm), those of the rhGH (0.45 mm) and FC groups (0.42 mm) 
were increased. The hypertrophic zone thickness also revealed the 
similar tendency (control: 0.53 mm, rhGH: 0.59 mm, FC: 0.57mm). 

 
Figure 3.Representative microphotographs of the growth plate (Hematoxylin and Eosin staining, ï40) 
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Figure 4.The thickness of the proliferative zone in growth plate 

On the microphotographs of growth plate (Figure 3), at least three 
different areas of the proliferative zone were randomly selected 
and measured in each specimen. The mean values were 

statistically analyzed. Data represent mean μ SD (n = 5). (p< 0.05 
by paired StudentÊs t-test) 

 

 
Figure 5.The thickness of the hypertrophic zone in growth plate 

On the microphotographs of growth plate (Figure 3), at least three 
different areas of the proliferative zone were randomly selected 
and measured in each sample. The mean values were statistically 
analyzed. Data represent mean μ SD (n = 5). (p< 0.05 by paired 
StudentÊs t-test) 

BrdU-labeling index in growth plate 

In the growth plate, proliferating chondrocytes were positively 
stained with BrdU immunohistochemistry. The BrdU-labeling 
indexes (the number of BrdU-positive chondrocytes/total number of 
chondrocytes) of the rhGH (0.22) and FC groups (0.21) were 
statistically different from that of the control group (0.15) (Figure 6). 
No significant difference in the value was present between the 
rhGH and FC groups. 

 



 Lee et al. International Journal of Phytomedicine 6 (4) 573-580 [2014] 

 

PAGE | 578 |

 
 

A 

 
B 

 
Figure 6.BrdU-labeling in the growth plate 

A) Representative images of BrdU-labeled chondrocytes. 
B) BrdU-labeling index. Data represent mean μ SD (n = 5). (p< 0.05 by paired StudentÊs t-test) 

Serum osteocalcin level 

In 10 days of the experiment, serum osteocalcin levels of rhGH 
group (3.60 ng/mL) and FC group (3.74 ng/mL) were statistically  
 

 
 
different from that of the control group (2.83 ng/mL) (Figure 7). No 
significance difference was present between the rhGH and FC 
groups. 
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                                                                                     Figure 7.Serum osteocalcin level 

Data represent mean μ SD (n = 5). (p< 0.05 by paired StudentÊs t-test) 

Discussion 

Our data revealed that all of the evaluated factors (physical bone 
length, histologic evidence of bone growth, immunohistochemically 
detected proliferation activity, and the serum biomarker of bone 
formation) of both rhGH and FC groups were significantly different 
from those of the control group, and this result accounted for the 
favorable effect of FC on bone growth.  
As a method to assess trabecular bone structure, micro-CT, a CT 
technique with a spatial resolution of 1-100㎛, is expected to 
replace histomorphologic examination and enables in vivo 
investigations in small animals[11]. In addition, micro-CT images 
proved to be useful for investigating trabecular bone pathology, 
based on measured values, such as the ratio of bone volume to 
tissue volume, trabecular thickness, and trabecular separation[12]. 
The result that all of the acquired measurements by analyzing 
micro-CT images were not significantly different among the groups 
reflects the absence of a serious hazard in FC treatment. 
In long bones of mammals, linear growth occurs at growth plates 
by enchondral ossification, in which cartilage is formed and 
remodeled into bone[13]. The growth plate consists of ordered 
columns of chondrocytes and is divided into three distinct zones: 
reserve zone, proliferative zone, and hypertrophic zones (in order 
from epiphysis to diaphysis)[14]. Chondrocytes in the reserve zone 
begin to proliferate, differentiate into the hypertrophic zone, and 
finally undergo apoptosis[15]. Since then, the newly formed 
cartilage matrix is infiltrated by blood vessels, degraded, and 
replaced with bone matrix produced by osteoblasts[15]. Not only 
the total growth plate thickness but also the height of proliferative 
and hypertrophic zones correlates with the growth rate[16]. In this 

regard, it is evident that FC enhanced bone growth as the widening 
of both proliferative and hypertrophic zones was demonstrated in 
the rhGH and FC groups, along with the elongated total tibia 
length.  
Estimating the proliferative activity of cells, BrdU, a thymidine 
analogue, is considered a standard method by measuring the 
fraction of S-phase cells. Uptake of this chemical is restricted to the 
cells in S-phase of the cell cycle and can be easily observed by 
immunohistochemistry[17]. In this study, BrdU-labeling indexes of 
the rhGH and FC groups were significantly higher than that of the 
control group. This result indicates that FC induced the 
chondrocytes of growth plate to proliferate, leading to longitudinal 
bone growth.  
Serum osteocalcin increases as the growth rate is elevated, it is a 
sensitive marker of bone formation[18]. In our study, serum 
osteocalcin level was increased in both rhGH and FC groups, and 
it can be inferred that FC stimulates bone growth by affecting 
osteoblasts.  

Conclusion 

As described above, our results support the beneficial effect of FC 
on longitudinal bone growth. In spite of relatively short period of 
experiment time with animal subjects, the potentiality of FC to be 
another strategy to increase the physical height emerged. To 
investigate the mechanism of action and long-term effects of FC, 
further studies are required. 
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