Abstract

In recent years, there has been a lot of effort devoted to the
study of the biological functions of Chinese herbs. Gusuibu is a
traditional Chinese medicine commonly used for treating or
preventing bone or joint diseases. The chick embryo has been used
as the experimental animal model to examine the toxicity of
aluminum. We applied this model to evaluate the effects of
Gusuibu and aluminum on the status of long bone ossification of
chick embryos. Embryos were treated on day 8 with 0.7% NaCl,
60 mM aluminum citrate, or the crude water extract of Gusuibu by
instilling each solution separately into the air sacs. Aluminum
citrate-treated embryos were found to have a significant inhibition
on the growth and development of chick embryos, a persistent
mid-diaphysis malformation of the tibia, and a significantly shorter
tibia length on day 12-incubation. The growth and development of
chick embryos treated with the crude water extract of Gusuibu and
their reticular structures of trabecular bone were similar to those of
the control group. In the embryos treated with Gusuibu for 4 day,
ossification was initiated earlier and cortical bone thickness was
wider than those of the control group. These results suggest that
Gusuibu improves ossification, while aluminum inhibits the
growth, development and bone ossification of chick embryos. We
demonstrated that the chick embryo was useful and can be applied
to evaluate the effects of functional foods on bone ossification and
bone formation.
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FIG. 1. Scheme of bone dissection. The tibia was divided into five

regions: proximal epiphysis, proximal metaphysis, diaphysis, distal
metaphysis, and distal epiphysis.
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Figure 4.1 Observation of morphology of each experimental chick embryo. Effects on
the development of chick embryos by 8—day treatment of (A) 25 pl of 60 mM aluminum
citrate, (B) 25 pl of 0.7% NaCl or (C) 25 ul of the crude water extract of Gusuibu. The
length of chick embryos in groups a, b, and ¢ were 7.66+0.61 cm, 14.08+0.81 cm, and
13.90+0.76 cm, respectively.
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Ik
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Table 4.1 The average body length of chick embryos.
Al group® NaCl group® Gusuibu group®

7.66+0.61° 14.08+0.81° 13.90+0.76°

Chick embryos chronically treated with 60 mM aluminum citrate, 0.7% NaCl or the
crude water extract of Gusuibu for 8 days.

Pp<0.05, Al vs. 0.7% NaCl, p<0.05, Al vs. Gusuibu.

‘not significant.

Results expressed as mean+SD.
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Figure 4.2 Photography of the long bone of 12-day (A) and 16-day (B) embryos

chronically treated on day 8 of incubation with @ 60 mM aluminum citrate, b 0.7% NaCl,

and ¢ the crude water extract of Gusuibu.
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Figure 4.3 Histological observations of long bone of chick embryo treated with 0.7%
NaCl for 4 days. A, low power view of HE staining of 5-um section of the mid-diaphysis
of the tibia of chick embryo treated with 0.7% NaCl for 4 days, (HE, x10) . B, higher

power view of the selected section in Figure 4.3-A  (HE x20) .
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Figure 4.4 Histological observations of long bone of chick embryo treated with
aluminum citrate for 4 days. A, low power view of HE staining of 5-um section of the
mid-diaphysis of the tibia of chick embryo treated with aluminum citrate for 4 days.
(haematoxilin and eosine, x10). B, higher power view of the selected section in Figure

4.4-A (HEx40) .
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Figure 4.5 Histological observations of long bone of chick embryo treated with the crude
water extract of Gusuibu for 4 days. A, low power view of HE staining of 5-um section
of the mid-diaphysis of the tibia in chick embryo treated with the crude water extract of
Gusuibu for 4 days, (HE, x10) . B, higher power view of the selected section in Figure
4.5-A (HEx40).
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Figure 4.6 Histological observations of long bone of chick embryo treated with 0.7%
NaCl for 8 days. A, low power view of HE staining of 5-um section of the mid-diaphysis
of the tibia of chick embryo treated with 0.7% NaCl for 8 days, (HEx10) ,. B, higher
power view of the selected section in Figure 4.6-A (HEx40) .
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Figure 4.7 Histological observations of long bone of chick embryo treated with 60 mM
Al-citrate for 8 days. A, low power view of HE staining of 5-um section of the
mid-diaphysis of the tibia of chick embryo treated with 60 mM Al-citrate for 8 days, ( HE,
x10) . B, higher power view of the selected section in Figure 4.7-A  (HEx40) .

-31



’E"/F—T—Zfﬂ"k 47'&}'},151»,\:&@4_@83_» B LR P ,’73&%51%

Bl 4.8 MM IsF Bt RES AN S22 £ F 2 P HAERE -

Figure 4.8 Histological observations of long bone of chick embryo treated with the crude
water extract of Gusuibu for 8 days. A, low power view of HE staining of 5- m section
of the mid-diaphysis of the tibia of chick embryo treated with the crude water extract of
Gusuibu for 8 days (HE x4). B, higher power view of the selected section in Figure
48-A (HEx40) .
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1. *» % & # (cross-sectional area ) : ¥ *» % ¢ ;i ¢k F 5 (periosteal
surface) f= Bl 3§ 2 % & > ¢ FEWEF 5 F# o

24 7}% (medullary area) : ;- # *» % # 2_ p # 5 (endosteal surface )
FENRTRTE TR RS o

3.8 F wme 7? (chondrocyte area) : # *» ¥ ¢ I g #t ¥ ‘w?e F 3 ¥ 7T

4.4 &% & ## (cortical bone area ) : # 7 & & ﬁfa‘r"/fﬁ% LA TR - o
# %a I S T

5.% & % (thickness of cortical bone ) : iE T 3% % *» & ¢ % T & § 2 =
%;'f_f; T PR E - BT 2 R o
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Table 4.2 Effect of each treatment on bone measurements at the tibia mid-diaphysis?®

Treatment Cortical bone surface ~ Thickness of cortical Chondrocyte surface
(um®) bone (um) (um®)

Day 4- 466702.25+ 194394.16 266.23+ 157.50 139307.90+ 177077.37

0.7% NaCl

Day 4 640327.21+ 331712.37¢ 337.01+ 48.90° 19789.39+ 15599.21

-Guisubu

Day 4 104085.32+ 162584.83 31.40+ 6.63 162984.38+ 17430.32

-aluminum

Day 8 576075.49+ 74965.67%"  310.67+ 41.89%¢ NAP

-0.7% NaCl

Day 8 754594204 123264.54"  349.03+21.14° NAP

-Guisubu

®Results are the meantSD.
PN A=not available.

¢&f p<0.05.

4 p>0.05.
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Table 4.3 The ratio of chondrocytes area and cortical bone area on cross-sectional area.

Treatment Cross-sectional Chondrocytes area Cortical bone area
area ( m2) (%) (%)

Day 4- 0.7% NaCl 606816.25 20.66 % 76.90 %

Day 4- Guisubu 803888.93 1.47 % 79.65 %

Day 4- aluminum 215905.94 75.48 % 24.58 %

Day 8- 0.7% NaCl 635276.25 NA® 90.68 %

Day 8- Guisubu 809001.93 NA? 93.2 %

*NA= not available.
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Figure 4.10 Measurements of the area of cortical bone surface after treatment with 0.7%
NaCl, the crude water extract of Gusuibu and aluminum.
Results are expressed as mean +S.D.(* p <0.05 vs. control and Gusuibu groups.

*p <0.05 vs. control group)
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Figure 4.11 Measurements of the thickness of cortical bone after treatment with 0.7%
NaCl, the crude water extract of Gusuibu and aluminum.
Results are expressed as mean +S.D.(* p <0.05 vs. control and Gusuibu groups. * p <0.05

vs. control group)
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Figure 4.12 Comparison of the area of cortical bone between the long bone of day
8-0.7% NaCl and day4-Gusubu treated on chick embryos.

Results are expressed as mean +S.D. (* p <0.05 vs. day 8-0.7% NaCl)
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Figure 4.13 Comparison of the thickness of cortical bone between the long bone of day
8-0.7% NaCl and day4-Gusubu treated on chick embryos.

Results are expressed as mean +S.D. (* p <0.05 vs. day 8-0.7% NaCl)
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Ilustration of the difference between osteoporosis and
osteomalacia. In osteoporosis the amount of bone is
decreased but the ratio of matrix to bone mineral is
normal. In osteomalacia, the amount of bone is normal
but the ratic of matrix to bone mineral is decreased.
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