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The changes of iNOS and NO in the osteogenic differentiation process
of rat bone marrow stromal cells promoted by icariside IT
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Abstract: This study is to investigate the effects on the expression of iNOS and production of NO in the
osteogenic differentiation process of rat bone marrow stromal cells (rBMSCs) by icariside II. rBMSCs were
cultured by adherence screening method. When the culture dishes were covered with 80% cells, the osteogenic
induced cultures were adopted. Icariside IT was supplemented into the culture at 1x10~° mol-L™'. The activity
of iNOS, content of NO and osteogenic differentiation markers including alkaline phosphatase (ALP) activity,
CFU-F,1p and mineralized bone nodules were compared among the icariside II-supplemented group, L-NMAE
group, icariside II + L-NAME group and the control. Total RNA was isolated and the gene expression of iNOS,
Osterix and Runx-2 was investigated by real-time PCR. Total protein was also isolated and the secretion of
iNOS and collagen [ was examined by Western blotting. Icariside II can significantly improved ALP activity,
CFU-F,p amount and mineralized nodules. Besides, the mRNA level of factors related to the osteogenic
differentiation includes Osterix and Runx-2 also enhanced. The secretion of collagen I also promoted significantly.
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But all of these effects can be inhibited by L-NAME which can specifically inhibit the activity of iNOS. Icariside II
enhances the osteogenic differentiation of rBMSCs significantly, but if the activity of iNOS was blocked by

L-NAME, the osteogenic differentiation markers decrease accompanied with iNOS and NO decrease, suggesting

that icariside II stimulates the osteogenic differentiation via enhancing the activity of iNOS and promoting the

generation of NO.
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Figure 1 Chemical structures of ICA and ICS II
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Table 1 The primer sequence of real-time PCR
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Gene GenBank No. Primer sequence Product length/bp

iNOS NM_012611.3 Forward 5'-CTCACTGTGGCTGTGGTCACCTA-3' 101
Reverse 5'-GGGTCTTCGGGCTTCAGGTTA-3'

0SX NM_001037632.1 Forward 5'-GCCTACTTACCCGTCTGACTTT-3' 131
Reverse 5'-GCCCACTATTGCCAACTGC-3'

Runx-2 NM_053470.1 Forward 5'-GCACCCAGCCCATAATAGA-3' 165
Reverse 5'-TTGGAGCAAGGAGAACCC-3'

GAPDH NM_017008.3 Forward 5'-TATCGGACGCCTGGTTAC-3' 140
Reverse 5'-CTGTGCCGTTGAACTTGC-3'
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Figure 2 The iNOS activity after different durations of osteogenic
induction culture (n =4, x+s). iNOS activity in ICS II group
is higher than L-NAME and control group, but after being blocked
by L-NAME, its activity decreased significantly. L-NAME:
1x10% mol-L™"; ICS II: 1x107° mol-'L™". "P < 0.05 vs control
group; “P < 0.05 vs ICS II group
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Figure 3 The NO content after different durations of osteogenic
induction culture (n =4, X+ s). This content is nitrate content
indeed, but it can represent the NO generation. L-NAME: 1x10™*
mol-L™"; ICS II: 1x107° mol'L™'. “P < 0.05, “P < 0.01 vs con-
trol group; 4P <0.05,*P<0.01 vs ICS II group
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Figure 4 The ALP activity after different days of osteogenic
induction culture (n = 4, X+ s). The activity in day 8 is the
highest among different times. L-NAME: 1x10™* mol-L™";
ICSII: 1x10° mol'L™". "P < 0.05, P < 0.01 vs control group;
“P<0.05, ““P<0.01vs ICS II group
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Figure 5 Results of CFU-Fsp after 8 days of osteogenic
induction culture. L-NAME: 1x10* mol~L71; ICS 1I: 1x10°
mol-L™"
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Table 2 Results of CFU-F,ppafter 8 days of osteogenic induction culture (intensity scanning). n =4, ¥+s. One spot indicates one
CFU-Farp. 10D indicates the intensity of calcified nodules’ formation. L-NAME: 1x10* mol'L L, ICS 1I: 1x10° mol-'L™.  "P < 0.05,
P <0.01 vs control group; “P < 0.05, ““P < 0.01 vs ICS II group

Group Area (mm?/well) Number (CFU-Fp/well) 10D
Control 45.925 +11.383 145.667 + 9.609 27 177.837 + 6 001.791
L-NAME 46.679 +9.829°" 154.667 + 8.145°" 27 740.426 + 4 978.376""
ICS I 106.599 + 19.127" 193.667 + 14.572"" 70 823.477 +9 322.225"

ICS II + L-NAME 74.924 + 17.849™" 164.667 + 8.021°" 44228.996 + 8 427.451"""

Table 3 Results of calcified nodules after 12 days of osteogenic induction culture (intensity scanning). n =4, X+ s. One red
spot represents one calcified nodules. L-NAME: 1x10™* mol-L™"; ICS II: 1x107° mol-L™". "P < 0.05, P < 0.01 vs control group;
2P <0.05,““P<0.01 vs ICS II group

Group Area (mm®/well) Number (calcified nodules/well) 10D
Control 22227+ 1.518 100.333 + 5.859 12 029.901 + 516.735
L-NAME 18.391 + 3.149°" 82.333 £9.292"" 8979.233 + 1 002.738™"
ICS II 51.313 +5.500" 113.333 + 8.622 25323.128 + 1 743.818"
ICS 11 + L-NAME 29.199 + 3.766"" 93.000 + 9.000" 15 819.866 + 1 325.050""*"
251 B NAE
EICS1I

2.0r M ICSII+L-NAME

* A4

Control L-NAME ICS 11 ICS 11+L-NAME
Figure 6 Results of calcified nodules after 12 days of osteogenic
induction culture. L-NAME: 1x10* mol-L™'; ICS II: 1x107°
mol-L™
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L-NAME 41k T- ICS 11 41, {2 T L-NAME 4. L ICS TI: 1x107° mol-L™". "P < 0.05, ""P < 0.01 vs control group;
7, 4P <0.05,“P<0.01 vs ICS II group
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Figure 9 Expression of OSX after different durations of
osteogenic induction (n =4, X¥+s). L-NAME: 1x10™* mol-L";
ICS 1I: 1x10° mol-'L™".  "P < 0.05 vs control group; “P < 0.05
vs ICS II group
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Figure 10 iNOS secretion after 8 days of osteogenic induction
culture. In part A, the intensity of bands indicates the amount
of protein secretion, part B is the scanning result of part A.
L-NAME: 1x10* mol-'L™; ICS II: 1x10° mol'L™". n=4, ¥+
s. TP <0.01 vs control group; ““P < 0.01 vs ICS II group
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Figure 11 Collagen I secretion after 8 days of osteogenic
induction culture. In part A, the intensity of bands indicates
the amount of protein secretion, part B is the scanning result
of part A. L-NAME: 1x10~* mol-L™"; ICS II: 1x10~> mol-L™".
n=4, x+ts. P< 0.05, *P < 0.01 vs control group; 24P <0.01

vs ICS II group
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