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Effects of Administration of Pyritum on Fracture
Healing in Mice

Shin Kyung-min, Jung Chan-yung, Hwang Min-seop, Lee Seung-deok, Kim Kyung-ho
and Kim Kap-sung

Department of Acupuncture & Moxibustion, College of Oriental Medicine, Dongguk University

Objectives : Pyrite is one of the important prescriptions that has been used in oriental medicine for
healing of fracture. It is reasonable, therefore, to postulate that native copper affects the process of bone
metabolism and bone formation. The purpose of this study is to discover the effect of Pyrite on the
healing of tibia fracture.

Methods : 1. /n witro test : MG-63 cell in human body and the Pyritum in the ratio of 0.5mg/ml,
1.0mg/ml, 15mg/ml, 2.0mg/ml were incubated for 24 hours. After 24 hours, RNA was extracted via
trizol reagent (Sigma, USA). In order to understand the activation of osteoblast, the level of OPN
mRNA, osteopontin, was measured.

2. In vivo tesgroups normal group, control group and experimental group. Left tibia bones of mice in
CON and JT groups were fractured by bone cutters. Pyrite was orally administered to the experimental
group. After 14 days, each group’s tibia specimen was constructed to observe changes in activation of
proinflmmatory cytokines in relation to MIF and IL-6. Also, proliferation of osteoblast and osteopontin
were measured via changes in levels of OPN and OPN mRNA.

Results : In mn-wvitro test, the level of OPN mRNA, osteopontin production was remarkably increased
in Pyritum-treated MG-63 cells.
In in-vivo test, fractured area in external tibia morphology was increased more in the JT group than

that of the CON group. Osteogenesis, endochodrial ossification, and osteoid in fractured area were also
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increased more in the JT group than that of the CON group. Increase in OPN mRNA, osteopontin level

and osteoblast’s proliferation were observed. Activation of MIF and IL-6 was confirmed from the

fracture region.

: From the result, development of a new stimulator in healing fracture via pyrite is

Conclusions

expected.

. Pyrite; Pyritum; native copper ; osteoblast; bone fracture
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Cell Line Bank(KCLB ; Korea)olld T<}3atdct. Al 8l HuatgitH(Table 1).
Y= 37T, 5% CO%incubator(Sanyo, Japan)ol A 10%
. ) Lo
Fetal Bovine Serum(Signe, USAZF @51 Dulbeccos — 5) 301wy 22 ol ol g wl )
modified Eagle'medium(DMEM, Welgin, Korea)<&

Agatel sk, L9uAS A PAAZ 100 a2
unit/ml penicillin(Sigma, USA), 100pg/m{ strepto-
mycin(Gibco/BRL, USA)S A7}ttt 1) 7ol =4 f
A% AQ7ole] d& AAs L Aol UF -
3) MTT assay % Ads F (anterio-medial) %5 A7fsto] Q7Foluwe] o &
A7yolw ZAo] futd JTEe]l WM 1g/ke/day A2lE #1% ths bone cutters(FST, Canada)E A
o] AAES AAE Imgd A A% 0.1mle) Gsto] a2 1/3 Ao Aol ZHE fite}
N2 A A5l ol 19 18 745 89 Aot 24 42 F RE BEF e FARIES
B In vitrool AHER RS H7FEES MTT AZ4 WE=(Nippon sigmax, Japan)® 43t th.
assay A7 10my/ml7HA = AE AEE] ®#ss o =A i 3d 3 3 B9 XAlste] AL S5}
ojubA] ol 05, 10, 15 2 20ng/mZ 2R3t Qe AL Awste] Al Akl
4) FIoe] WA D45 AL 2) 7ol 3 Azt
Shgifo] A F2] Osteopontin(OPN) Aol 1] =4 ¢ ¥ 149 5 72} &% sodium pentobar-
i]{— q3Fs  ZAMEl] Y8 MG-634Ee] OPN bital Ao 2 w3t vascular rinsest 10% 4
mRNA el W3l2 JAHA} 28 g4 odx ukew E 228 A(neutral buffered formalin : NBF)2. &
(reverse transcriptase—polymerase chain reaction, ARHFLAS AAEIH AEd AAolmE 23

RT-PCR)©.& =433t MG-634E - 5¢10° cells/ ¥ (decalcification solution, BBC UK)ell 24217+ Ag

wellS 6welloll platingdtal 124]17F 3ol [ 44480 05, stal A & A o vehad sEvfst
10, 15 2 20mg/mtS sEd2 Avkske] 447k 5 o om FAE ?ﬂ’;xéjd% ‘ﬂ%oir/}. RHEoll d&d
ob wjokat & =73 RNAZ trizol reagent(Sigma, 4+ Hematoxylin-Eosin§o.2 44ste] %32 A

USA)E AH&-3to] —ir%fi th5 fluorometer(Introgen, skt
USA)Z RNAE At RT-PCR kit(Premega,

USA)E ©]-&3}9 CDNA A5 & OPN primerS 3) A BA

PCR machine® % W47tk PCR AM2S 1~2% ZARoe] oREYH WD JARA &7 9
agarose gel’dolA 7]%gE3t] relative intensity = 3 A7rolm FHol &S AAT T A o|WE x4
ZAsa . ¢hH RT-PCRe A4S H7lsy] 9138 &2 2dstdth Optimas 529014 WA image 7|
o] internal standard?®] B-actin®] FZ& FAlol| AA o sharpen low—filter2 A}-&3}o] ZARI=E gl

319 th. mRNA @& 9] relative intensity= Optimas 3}A 3k & binary morphologyollA] invert 7]&< A
5.2(Optima, USA)E ©]8-3+ /442 (image analysis)S eslo] AR E intensity 180~2000.% A3k -

Table 1. The Primer of OPN and B-actin mBNA

Primer Primer sequences Product (bp) |No. of cycles

5-TAG GAT CCA TAC CAG TTA AAC AGG CTG
OPN  |Sense ATT CTG GAA G-3 347 35

5-GTA AGC TTT TAC CTC AGT CCA TAA ACC ACA
CTA TCA CCT OGG CCA-3

B-actin | Sense 5-GGAGAAGATCTGGCACCACACC-3 840 35
Antisense |5 -CCTGCTTGCTGATCCACATCTGCTGG-3
OPN : Osteopontin.

Antisense
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Lo 1A17F FF ¥HS-AlZ] ¥ aniline blue &2l 2

AlZHEeE tlz dAskalTt.

@ dsuks Wzt uE
=4 5o W da A WEkE dEey] S

sl h2
Wright's staing AAStATE 4 22& Wright's
stain solution®] 303t WHg- -
sk ohy HEE T

S 2d z7] A5l #olste AETEAd
macrophage migration inhibitory factor(MIF)¢} inter-
leukin(IL)-6¢] =470 +X& FAFst7] 98] ©
AxA3leh2 Qs Atk -4 AH-S blocking
serum® 10% normal goat serum(l : 20, DAKO,
Denmark) ol A 2A13F &<t WHSA]A H] 504 Houk
S YA gl 12 A9 mouse anti
mouse MIF(1 : 50, Santa Cruz Biotec, USA)<}
mouse anti mouse IL-6(1 : 200, Santa Cruz Biotec,
USA)°l 4C humidified chamberol| 4] 7243} 5o wt
LA A 221 &A 2l biotinylated goat anti-mouse
IgG(1 : 50, Santa Cruz Biotec, USA)e] 4C hu-
midified chamberolA 24417t link 3F3ith  Avidin

rlo

biotin complex(Dako, Denmark)ol] 1A]7F FoF 2
oA Wke-AlZ1 & 33-diaminobenzidine(DAB, Sigma
I} 0.01% HCle] *23grd 005M tris-HCl ¢%5&
(pH 74)°1 A 2AIA1Z] 3 hematoxylin®. 2 o) %
Aste] Fetdn o7 Aaeglth

Al

fid

o2 12

Q@ WRAE 24 ws B

W A Lo A YA E = OPNe FARY Exw
312 ZAFH7)1 Y e & mouse anti OPN(1 : 50, Santa
Cruz Biotec, USA)ZAE o] &3t HIx=As}et4
g A sk

wzAstete]l Al #2335 93] Optimas
5.2 (Optima Co., USA)E ©o]-8-¢+ 4] (image anal-
Sigmaplot 2000

=
b L
o1& A8

Pixel Count (/ 200,000 pixel)

Fig. 1. Regeneration of fractured Tibia by Pyrite

A. Decrease of fractured area (arrow) in external tibia morphology (L. x4; M. inverted photo; Graph
Image analysis).

B. Increase of osteogenesis in fractured area (L, x40, mallory azan stain; R, enlargement of Box in
L. photo, x1,000; arrow, osteoblast; vacant arrow, osteoid).

CON : fracture elicitate mice. JT : Pyrite administered mice after fracture elicitation.

* 1 p<0.05 compared with CON.
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»
Atz wiel oled HEde] s vE 2. 9% dk2 Hst
ot @ 24 73 FHE 9 24 23 T
o FA 3 5-91(6,487+416/200,000 pixel)= tiZ 1) MIF &4 =7}
T(16558394/200,000 pixeDe] =H {3 H-9<] AdZ gaol MIFS oS e ZABeoA
6lo° siFsfvl JTwAN wd 3 Serb dad gangn, Aedes 23 Fuss wiin. of
ol Hlg) Fod(p<0.00)Al S7HE Aoz AN gye MIF dA9e T

A

tH(Fig. 1-A).

Table 2. The Image Analysis for Activation of

A, 1 FHom WEAEe] Aol sl JTw Pre-inflammation Cytokine by Pyrite
T gz 2 S BYoy fiRatEu wy) Groun
Aol A HAH MEAFEe] FE7F H FUH3 A Objective NOR CON T
62 AT _
22 #AHAAFig. 1-B) MIF 260+32 | 4068143 | 8,058+309"
_ IL-6 27510 4757+199 6,622+172"
3 & A S , : ————
Image analysis for 200,000 particles / range of intensity :
g 24 SR AFpelAE JHRel 80130
_ - - M+S.D : Mean+Standard Deviation.
ko= U Hy = 71 =) [e3]
A EARRE] £ 7P dEHY. JTEE dx MIF : Macrophage migration inhibitory factor.
T e FFE HYoy, gxatEt RAEHY IL-6 : Interleukin—6.
- = 1= 5 . NOR : No- ice.
R o 349 Ao $AUHFig. 1-B). Con | porreated wnice.

JT : Pyrite administered mice after fracture elicitation.
* 1 p<0.05 compared with CON.

Fig. 2. Activation of Inflammation in fractured Tibia by Pyrite

A Increase of angiogenesis (arrow, capillary, Wright's stain, x2,000).

B : Activation of MIF (arrow; L. MIF immunohistochemistry, x200; R. enlargement of Box of L. photo, x1,000).

C : Activation of IL-6 (arrow; L. IL-6 immunohistochemistry, x200; R. enlargement of Box of L. photo, x1,000).

MIF : Macrophage migration inhibitory factor. IL-6 : interleukin-6. CON : fracture elicitate mice. JT : Pyrite
administered mice after fracture elicitation.
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el

of Hlal 1463% <7kskolaL, JTk2
= 7k Bsid

9% S7Fatel <4 (p<0.05) L
(Table 2, Fig. 2-B).

of wal 1,630% F7kstaal, JT2
39% S7Fskel 9149 (p<0.05) A=
(Table 2, Fig. 2-C).

3 H{EAMIEZ EHA s}

1) MG-6341%¢] OPN mRNA @& =7}
HRHIAF= o] o) 3 MG-63413%2] OPN mRNA 4t
o r oE:xor Zrlatgon MEA HER
27 & wey oz #2E9th OPN mRNA 2
2 05mg/ml A 34.9%, 1,0mg/mlol| Al 43.1%, 15mg/

o
=1

=
=1

(5]
=

Relative intensity
z

o

i} 0s 10

A

Fig. 3. Activation of Osteoblast by Pyrite

JYD (mg/ml)

15

ml ol A 53.7%, 831 2.0mg/mloll Al 67.3% =713
(Fig. 3-A).

2) OPN #4<7}

Table 3. The Image Analysis for Activation of
Osteoblast by Pyrite

.. Group
Objective
NOR CON jT
OPN 175£18 7,760+274 | 13,207+419

Image analysis for 200,000 particles / range of intensity :
80-120.

OPN : Osteopontin.

M=+S.D : Mean=Standard Deviation.

MIF : Macrophage migration inhibitory factor.

IL-6 : interleukin—6; NOR, No-treated mice.

CON : fracture elicitate mice.

JT : Pyrite administered mice after fracture elicitation.

* 1 p<0.05 compared with CON.

CON CON

2n

JT

JT

A : Increase of OPN mRNA expression. The MG-63 cells were treated with 0.5, 1.0, 1.5, and 2.0mg/ml of Pyrite,
and the cells were further incubated for 24 hours. The OPN mRNA expression were dose-dependantly increased in

Pyrite treated MG-63 cells.

B @ Activation of OPN in fractured tibia (arrow; L. OPN immunohistochemistry, x200; R. enlargement of Box of

L. photo, x1,000).

OPN : Osteopontin. CON : Fracture elicitate mice. JT : Pyrite administered mice after fracture elicitation.
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