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[(BE] B HE T BOO s sh MR R B 5 B U AR AR R e SRS, ik

e 2 Ak Sprague-Dawley (SD) KL 60 R BEHL/ N 6 41, 5541 10 R 520 Wb 452 MEME BRI TR, A 4.
ZE XTI H RS AN TS B A S AR R G T HE IR 255 C AL S R + A,
MR RES (75 mg - kg™ - d™") +HEAEE D, 21 IU - kg™' - A1 ;D 4 B + AR50 [ FEARVR F 78 8B (75
mg - kg™ - d7) 1E A IR + R [ IR AR (150 mg - kg' - d7') 15 F A BEBIIRAE + = 7
[ HE R SEAE TN (300 mg - kg ™' - d ) ], B ERMIRTA TN (B.C.D.EF 4) KRB IR 4
ANA . SIS T8 AN 4 S FERIAE ML Ca L P I ALP JR Ca JK P MIE B R SOl A RRIERE
DRI BE b | JB i R B 3 B JT o i 2 B 5 B (R AR AR AR Z B AR G, R (1) BRes A AE:
B BGP 1E55 8 FMIME 4 S A KM ALP 3865 A .C.D . E F AR BANG, HEFARITFEN(P<
0.05) ;D E . F 20 B - 22 w500 & A3 i3 (A B 22 M 22 R BRI E L (P >0.05) ; HEAAZ
() A E L 22 RG24 L (P >0.05) . TRACP A3 P Dpd ¥ B FE4H 8 R AIFE 4 4~ A KBFIR Ca JR
Hop #6845 A .C.D .E .F 41%5 B 410K, K22 A G124 8 L (P <0.05) ;D E | F 21 B i 228 3 0] £ iy 38 Jn i
B (R B 2 M 22 S TSI L (P >0.05) s HESHZ MM E L HEZERTRITH#E X (P >0.05),
(2)7E45 8 JA JeAE 4 A H R IHIR Ca JR Hop Fl TRACP M Dpd/Cr $5¥5 A .C.D E.F 41%: B 41 51K, H2E R A5
T (P <0.05) ;D E | F 20 Fifl 13 23 78 2 T 0] 2 0% 384 i B IK, (R AR B 2 () 22 F RS % 8 30 (P >
0.05) ; H B4 H Z AR B B 22 R BGeH#R L(P >0.05) . REFIEHES % 5 BGP ALP 2B iEAH
F(r=0.784 % 0.816,P <0.05;r =0.743 }2 0.807,P <0.05) , & FNEHEE % 5 TRACP 191G ¥E  Dpd ¥
JE JR Ca JR Hop EHBHARR(r 23] = -0.617, —0.608, —0.587, —0.611,P <0.05;r 235 = -0.614 , -
0.621,-0.583, -0.617,P<0.05), &t FEFFEWTN T T0AT B S ol 0k 3 W R o BRUI B2 R i 2 Ak 4
b, BB S B R AR AR 2 AR 0 AR DG
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Effect of EPF on the bone mineral density and biochemical markers of bone metabolism in the passive smok-
ing rats and the correlations between BMD and biochemical markers LEI Guang-hua,LIU Wen-he ,GAO Shu-
guang. Department of Orthopaedics, Xiangya Hospital of Central South University, Changsha Hunan 410008 , China

[ Abstract] Objective To explore the pharmacological effects of epimedium pubescen flavonoid ( EPF) on
the bone mineral density(BMD) , the biochemical markers of bone metabolism in the passive smoking rats, and the
correlations between BMD and the biochemical markers. Methods Sixty Sprague-Dawley (SD) rats ( aged 2-month-
old) were randomly divided into six groups(n =10) , including sham control group ( group A) , model group ( group
B) , control group( group C) ,treated 1 group ( group D) , treated 2 group ( group E) and treated 3 group ( group F).
There were five male rats and five female rats in each group, and the male and female rats had been fed in different
cage. All the rats were given the same feedstuff. Meanwhile, group C were given calcium 75 mg - kg™ + d™' com-
bined with WitD, 21 TU « kg™ - d~' by gastrogavage for 4 months; group D EPF 75 mg - kg™' + d™'; group E EPF
150 mg - kg™' -+ d™'; group F EPF 300 mg + kg™' + d™'. Except the sham control group (group A), the other
groups had been exposed daily to passive cigarette smoking for four months basing on the adytum fuming method. The
experimental rats’ urine in 24 hours had been collected through the metaholize cage means and the vein blood had
been collected through to cut off the rats’ trail at the end of the eighth weeks and the fourth months. These had been
measured i. e. (1) The serum Ca,serum P,serum ALP,urine Ca,urine P,and urine Hop at the end of the eighth
week and the fourth month; (2)The Serum BGP,Serum TRACP, Urine Dpd/Cr; (3) the BMD of the femur and lum-
bar vertebra body. The correlations had been analyzed between the BMD and the biochemical markers of the bone for-
mation and resorption. Results (1) The BMD of the femur and lumbar vertebra body, the serum BGP(ng/ml) , the
serum ALP at the end of the eighth weeks and at the end of the fourth months had increased markedly in group A,
group C,group D, group E and group I compared with group B, and the difference between group A, group C, group
D, group E,group F and group B had statistical significance (P <0.05). There had dose-dependently increase in
group D, group E and group F, and the difference among them had no statistical significance( P >0.05). The differ-
ence had no statistical significance( P >0.05) among the other groups. The serum TRACP(U/L) and urine Dpd/Cr
(nmol/mmol) had decreased markedly in group A,group C, group D,group E and group F compared with group B,
and the difference between group A, group C, group D, group E, group F and group B had statistical significance( P <
0.05). There had dose-dependently decreased in group D, group E and group F, and the difference among them had
no statistical significance (P >0.05). The difference had no statistical significance (P > 0.05) among the other
groups; (2) The urine Ca and urine Hop at the end of the fourth months and at the end of the eighth weeks, the ser-
um TRACP and urine Dpd/Cr had decreased markedly in group A, group C,group D, group E and group F compared
with group B, and the difference between group A, group C,group D, group E, group F and group B had statistical sig-
nificance( P <0.05). There had dose-dependently decreased in group D, group E and group F, and the difference a-
mong them had no statistical significance( P >0.05). The difference had no statistical significance( P >0.05) among
the other groups. The serum ALP had increased markedly in group A, group C,group D, group E and group F com-
pared with group B, and the difference between group A, group C, group D, group E, group F and group B had statisti-
cal significance( P <0.05) at the end of the eighth weeks and at the end of the fourth months. There had dose-de-
pendently decreased in group D, group E and group F, and the difference among them had no statistical significance
(P>0.05). The difference had no statistical significance( P >0.05) among the other groups. The difference of the
other biochemical indices had no statistical significance (P >0.05) among the other groups. A positive correlation
was found between the BMD of the femur and lumbar vertebra body and serum BGP, serum ALP (r=0.784,0. 816,
P<0.05;r=0.743,0.807,P <0.05). There were also a negative correlation between the BMD of the femur and
lumbar vertebra body and serum TRACP, Urine Dpd/Cr, urine Ca,urine Hop(r= -0.617, - 0.608, - 0. 587, -
0.611,P<0.05;r= -0.614, —0.621, -0.583, -0.617,P <0.05). Conclusion The EPF could prevent and
treat effectively the decreasing of BMD and the worsening of biochemical markers of bone metabolism resulted from
passive smoking in the experimental rats. There are significant correlations between the BMD and the biochemical
markers of the bone formation and resorption.

[ Key words| Epimedium pubescen flavonoid( EPF) ;  Passive smoking; Bone mineral density( BMD) ;

Biochemical markers of bone metabolism
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JE &M R B AL (osteoporosis , OP) & —F 4 L
AISE R TEBR | Hom A & s AL B 3 52 2 . I
VB —Fph Sz i B 2R o] DU 55 Lot & ek
OP By A FF 34 g 4 & AR B fa i 2, e 25 1
Bii6- B BB AARE J7 T80 P s AR . B ETE N Ah X R
BB Sl IR Bl 0 S S T 9, R 4 S R AR e 9
R AENLE FER AT 5T 5 R BB AL T T Y I 5T 32 2
SEREAT RSN SR DI 5 X5 R 42 04 24 BEATE T A
TR B R IATANEIE B IR R DT A ATSE
A LA J7 T4 S A AR 28 B0 ] T Biih
SIS = R N = 9k /O S E RS
AP AR VLRI , SO FRA TR 45 R AR R
1 #R57EZ%

1.1 8
111 SE5eshy)  SCHesE IR E 175,28 ~212. 64

(201.51 £15.32)g,2 JI#&H9 SD KEL 60 H | M
P AR 2 RIS E L (P >0.05) , A—%K
SRS, W [ T eSS A BRA R VER]
WES . SCXK (1) 2003-0003,, FUBHE A o G K24
PIE R 1, HARTE B 10% T W44 4L ARl ARk &
AR BEJRAREE 1k, WA KRR AR KA L AN B
i, FHLEY A 6 41, Bl 10 H 45U MRS
WY AR SR . A BITER — S5 (IR 18 ~
25 °C) HE-m BURbE = 5%, A AR ok, Rk
TR A3 € AOAC B vERe il (45 & iRk

L1225 A5G P2y EEA 3L
ST TR A O 62. 5% , T F IR A

BRI A= Wy = 25 B Bl DX JLIE R 25 A BR A R, sk
BRI 1 H R R R A e 24500 B B S S
400 mg, P il B — 2 e BE 1) 25 IR B RCE T 4 C UK
AR 4B E R D, BSR A, IR M ALk
254 BR 2 /A 77, e Ll R AR (5 AR Y 5 0
1.Omg),HBMEARILEMW . KEEBHZ
A5, W [ v R R 2 U 5 2 B SE B S R, XR-36
XLRE X s 4% B e 4%

1.2 ik

1.2.1 WA (R EafsR) A 4 (= HXTIE
W) ERIT RS, NG TR BRI, B A (#EB)
WAHEH )« AN g THEMR 2595 C 41 (e sh W + 45
) FEMRERAS (75 mg - kg™ - d7Y) IR T YA
E D, 211U - kg™ - A7 (H5/R AT, HM Lk il 254
FRAF]) D 20 BP 32325 I i 20 (B 3h A + VR dT
14 EMREFFERR (7S mg - kg™ - d™);E4

Rz 2 o 2 (RSl + 3697 2 41) < HE R
A (150 mg - kg™ - d7") F BRI 3ZiK2 5
A (BB + RT3 4H) | T AR 22 BN (300
mg - kg™ o d7) . HCOBEEML UG THE
1) B.C.D . E . F ZH K B4 sl W AR, S 50 s (] 47 22 4
™A,

1.2.2 FRIGIVE  BSCsdl(B.C.D E.F41) KR
IR A8 2= L L AR A 250 = (ML 6 m® ), EHT]
7, 25 E KU, B = IR 20 C 3 BR B VR4S
TEAH 1R HT 2 AT BRI R R SRR AR 220 3,5 3
AN H R 8% 150 52, 565 4 A A TRl 54k 80 37 4
HREA S I, BRI SIRAA 1 h,

1.2.3 PRACREE Kl (1) 7ESEH 5 8 JE i
FRFFEICSE 24 h FRWE , W R FE d SO , 0 1l Caa
P ALP F1JR Ca P, (2)4b%EK BRAT— KR %E
Wtk 24 h BRI, 2B HEAT 4 A A R 3% IR L %
JERIR AL HE I B, FF 1 O JIE b i (PR A 0 i A= Ak 4
Fr) ,IE Il Ca P ALP FIR Ca P, (3)5E LT
5 R RBL TS A T T 2 Wl 8 g % DR I S M e bk ; (4)
YU JRE i A, /N0 22 B B SR i B 5 LA 0
i B RE RS AR O T, BT AR B K (R
2.6 cm) [ T RE AT AL B 38 G D, N o AR A
VB AR 3 B 5 ] XR-36 XUAE X Sk B %
T S0 KBRS bR AR Y 2 (BMID ) ; S5 4%
E:AMH 0.5 mm x0.5 mm, HFEE 30 mm/s,
(5) 53 b B 5 1 5 RO i T A B i R A ) AR A
b 22 B A AH DG, PR SR FH 408 FRY 13 15K 4% 45 T
5 Dpd R A ELISA J7 ¥k, 45 53 D) & =2 FBE 7R LT
(Cr) R, Cr KBRS R PRV ; BGP SR I ik
1.3 Sib2eJrek A SPSS12. 5 T4 it 4
B, TR OB A + A 22 (2 = 5) R, Z4LIH
BERF T 25301, 24 P <0.05 B, ¥ %000 9 9 L
R g K5, P <0.05 NESA G5 L,

2 H#R

2.1 FHUHREREANEBE LB SR i
B hE A AT M % B (BMD) A C.D EF
HBEER B AN EEE S, BERARIT¥E
(P <0.05);E FALME%EHR A d0E% 58,
HESALGIH¥E L (P <0.05);C.D 4K H%E
WAAMEHEERS, HHEEREHRITFE (P>
0.05);E .F UM EHER C AME®Es, (HHLE
SIGH#E X (P >0.05) ;C HWFHER D H
(B B i H 22 R ES T 2#B (P >0.05) 5D,
K F 2 0% 1 % I R 2 28 T 710 ) 348 g 38
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HHEMEZ R 255 L5812 X (P >0.05), W
#1,
F1 BFEEBHAAREEENYH[g/om’, (X xs) ]

M5l e 5 DU A
A 0.2132 +0.0012 " 0.2029 +0. 0017 *
B4 0. 1776 +0. 0028 0. 1798 +0. 0023
CHl 0.2387 0. 0031 * 0.2391 +0. 0025 *
D#H 0.2358 +0. 0021 0.2389 +0.0018
E#H 0.2581 £0.0017 ** 0.2581 £0.0017 **
F4 0.2687 £0. 0019 ** 0.2654 £0. 0017 **

W5 BAHE, *P<0.05;5 A 4HHE,*P<0.05

2.2 58 JAI VR A R NS A% 2 9 Bl IR AR O R it
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Ca.P ALP S JK Ca P Hop & FEM LLEL  TE5
8 JAIfl Ca P ALP M JR Ca.P Hop F1J& Ca FlJR
Hop A.C.D.E F 4% B HMMK, HERARIHHE
(P <0.05);D E F 2H Fifi i 372 B R 55 5 09 38
MRS, (H A B Z W 22 R S4B L (P >
0.05); HE KA MM E IR H 2R LHEIT ¢ &
X (P>0.05), I ALPYE A C.D.E.F4H% B 4HKY
L, HERAGI#E (P <0.05) ;D E F 4lpfE
S BT R S K A R A M B 2 ] 22 G
Gt (P >0.05) ; Hoe 45 21 Z A A B L
ERTG 2L (P >0.05), HEKTIEIR&H
ZIME B ER TSI E X (P >0.05), W
%2,

k2 B\ E A A FRIE KR L Ca P ALP & Ca P Hop & EWE M ILE (2 £5s)

45 1fil. Ca( mmol/L) Ifil. P('mmol/L) Ifi. ALP(IU/L) JR Ca( mmol/L) JK P( mmol/L) JK Hop( wmol/L)
A4l 2.64 +£0.35 1.92 +0.21 185.52 +12.11°* 0.85+0.43" 1.67 £0.24 90.15+9.81"
B4 2.60 +0. 41 1.80 +0.27 150. 42 +£13.30 2.05 +0.56 1.71 0. 31 136.21 £12.13
(oF:] 2.70 £0. 12 1.90 £0. 21 173.63 £14.20 " 0.93£0.34~ 1.72 £0. 37 91.53 £10.31 "
D4 2.72 +0.32 1.91 £0.27 178.61 £11.50 " 0.93£0.37" 1.69 £0.25 91.76 £12.35*
E 4 2.75 +£0. 46 1.95 +0.25 182.45 £12.40* 0.92+£0.46" 1.70 £0. 32 91.47 £11.21°*
Fa4 2.78 £0.52 1.97 £0. 34 186.23 +10.60 * 0.91 £0.14~ 1.69 +£0. 13 91.16 £10.34 "

.5 B4, " P<0.05

2.3 EFRBIX R K RS R (BGP) IR
MEREMK ( Dpd ) FAHTI A7 R IR MW R i ( TRACP) f52
M B IE PR E SR E A .C.D . E F 4
BMBAME, REFASITFEX(P<0.05);D,
E F 2 i 5 2 28 0T ) 2 0% 388 o v (L 1R) 25
FIGE R (P >0.05) s Mg & 41 2 ] A
ER TG L (P >0.05), POl LRI
it P 37 R 5 AL RE MR IR BE/E A . C D E | F 2138
B MK, HESFAEGIT¥E X (P <0.05);D.E.F
2 oy 2 A BT ) S ) 3 T B AT, (R ) 2% 57 T8
Gt FE (P >0.05) s HE & 2 a) e B H 22 5 0
Gt FE L (P>0.05), WE3,
®3 EFEHEH LI AR BGP Dpd fr
TRACP 8 % % 45 (x +5)

wow wm RIS kI
A 10 45.40 +4.33* 18.1+3.77 4.564 £3.215
B4 10 31.75+3.87 28.0+3.0 5.855 +£3.238
ca 10 43.34+4.28"° 17.6 £2.5* 4.950 +1.753
D 10 50.84 £4.23° 13.6+2.5" 3.938 +1.336"
E#H 10 51.99+6.34" 12.6 +4.0" 2.564 £1.435"
F 2 10 52.34+6.22° 11.6 +4.0" 1.938 +1. 647"

H. 5 B4, " P<0.05

2.4 5 4D AR IN; I A 8 TR X 4 Bl IR K B
Ifi. Ca P ALP 2 JR Ca P Hop &MU LR 1
4 ™ H KRB Ca P ALP X JR Ca P Hop HJK Ca Fll
PR Hop 7€ A .C.D.E F 1% B ALk, K2R A5
2B (P <0.05) ;D E F 4B 272 9% 75 5
RGN B, (AL 22 R RG22 E L (P >
0.05) ; HERH M R H 2R TSt %2 L (P>
0.05), Il ALP7E A.C.D .E.F 4% B A My, Hx
SAGHEE (P <0.05) ;D E F 2H i 7% 78 5
I B i T () 22 55 RGP >
0.05) ; HoE &4l b A H 22 R LGt # 2 L (P >
0.05), HEKTER# 40 i H 25 5 R g1t
HX(P>0.05), Wik4,

2.5 BMD SA:ALIEARAUAHOCHE BB FUEAME
J£5 BGP ALP 2 W] IEAHC (r=0.784 } 0. 816,
P<0.05;r=0.743 }% 0.807,P <0.05) , B FIjE
MER 2 B 5 TRACP B3 . Dpd ¥ JR Ca JR Hop
SR AASE(r 209 = -0.617, —0.608, —0.587,
-0.611,P <0.05;r 77 %] = -0.614, - 0.621,
-0.583,-0.617,P<0.05), W#S5,
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k4 BANAKREZFEFBEAHHFEARK M Ca P ALP XK Ca P Hop & EHZ W LA (x+5)

I 1fi. Ca( mmol/L) 1fil. P(mmol/L) Ifi. ALP(IU/L) JR Ca(mmol/L) SR P(mmol/L) FR Hop (qumol/L)
A4 2.64 +0. 36 1.92 +0.24 185.52 +12. 31" 0.95+0.33" 1.77 £0. 34~ 97.15£11. 81"
B2 2.45 +£0.43 1.82 £0.26 115.34 £13.54 1.85+£0.53 2.01 £0.51 125.46 +10. 15
CH 2.56 +0.27 1.94 +0. 18 180.53 +14.71°* 1.05 £0.28 " 1.85+0.38" 98.13 £11.25*
D 2.62 +0.34 1.91 +0. 37 181.61 +11.57* 0.93+£0.47" 1.79+£0.35 " 95.76 £12.31°*
E 21 2.65 +0.26 1.95+0.34 184.45 +12.43 * 0.92£0.36° 1.75£0.42* 93.47 £11.23~
F2H 2.68 +0. 36 1.97 £0. 25 187.21 +11.52°* 0.90 £0.37 " 1.72 £0.24 91.10 £12. 19"

H. 5 B4, * P<0.05

# 5 BMD 5 A {b35 47 o 48 K 1

H%E BGP  ALP TRACP  Dpd JR Ca JR Hop
BE  0.784 0.743 -0.617 -0.608 -0.587 -0.611
EME  0.816  0.807 -0.614 —-0.621 -0.583 -0.617

3 i

3.1 @A SRR R OP R IR 4y & 2%, Bl
N ARl S WA S B R B R T B TR AR,
B 2™ A4 IL-1 ) TNF &5, 1 — 25 (2 B s 1
i KR R A5 2 A U B 8 OP 7=k, T
Bl 6 7 T, -7 78 T A 9k 3l W AR5 = ) K B i
BUAMRE B IR T AR 22 56, T BRIRYY OP A T [
RS, BT T e B —Se R ) M R A B 5 A
WERAMMUY ST OP fEH, Hh 2 A KT 5 #
it Lt 2 AR R R R AE B IR OP
PSR T B, IR KB R A T &
AR =40t R SR A0 A ) 3 A B 8 P A
FH T RENS A TE B AN A5 53 T B P B R T, 1EL X
B ARG 0] S fhdE bn B A5 2% OO0 B VR, [RRe,
R E A0 Actin-ring [FI45 | DT B IR AL o6 75 1T
W AL, R B R AR G e A 5 R
BUE 4 TR RANKL 1 OPG B335 11 1A 240l il
FEANRIE K, A T8 2 2 B S AR = —
TET 411 1 021 200 T2 S R ol o A e P 00 L %o o
AT, 55— T 5 i 08 08 2 0 3515 A 8 4 1
AR, e B R R AR e

3.2 ARSESRH B E AL AT LA K Rk
IR 4 A~ H | TR R R SE 7S IS SR W A LC |
D .E F M8 %EHR B AN EHER, HERAES
2B (P <0.05);E . F AWM BZER A 4105
FEE HERFRITFE L (P<0.05) ;D EF
2 ) %8 i T S 2 R IR S i i, 3R
07 270 ) 5 790 T [ e 0 R R s i A B
HEREL BN, TR RS 8 YR TR
Ko

3.3 BRI AR b bR R B e A L B ROORT B
TE W 5 1) 5 7 E G, T B e R, WO RO
T AR AL A AR A s Sz bt A P £ R Ay

(AR Ak, AT R SR IE B e 4 38 | 2 00 b S L T B RT
H WML PR AR R B B B A AE I 2 T 1Y)
F6hRZz—. Dpd P9 T Y e Ji o 20 B 4, S
BRSPS R, E R R A L R T S IR
A3 FIRI S8 SO 32, (8 43 6] B WU RS 2 B L4 3 B
B EE TR IR A, R R AR K B T R
T I S SRR B | Dpd DL BUIRZSHEA MR, I
DA DS W e HE 2 E TS i I i 1y o 2
Fibrz—" ) RASIE , B LU S K R,
R MAC o 55 A R R A I ol R 5 1 5 AT S e A
R RCIRZS , X 7R ot A AN
B, BE5ENFRR y-R IS R E M2 —Fh A
R KRB 46 E A, g iAok, 585t
JE G5B AT R L, 2 S Wi T A R ) 4 S 1
Fbrz—" ) RWCE I S B WA A A EE
G 35150 WIS R ek = g AW iR K sy 7/ B |
Wi i L e B0, ASHIEZE R BRI E Il Ca P B IR
Ca P S S48 bRA , A0 T S Wi T B R B W
(W LE AL AR R BGP (ALP Dpd 1 TRACP (36 ¥, H 45
TN e o oy e ([ OS2 | A WAk A e =
HER SRR A A LT, 22 58 G X
(P <0.05) ; 25 T ¥ “F- 78 B -1 0000 25 415 8 AR
RFEPR B ES R 525 U BB A He AT BT (B2 57
TG L (P >0.05) 3 45 T = i F 22 W T 1
YHE WA ARS8 R TRACP (4935 P F1 Dpd ¥ BE 5 %%
BIHHAL AT HE T B, 2 R ST (P <
0.05) , Ui IA V2 2 76 o i % T R B I e 45 A 0
FALLE N

3.4 TERASLI AR R AU S Y I | il i
W AR R, AR AR AN, R Sy IS | i vk 2
(RS LA+ A A 06 Bl () 0 B 25, — BB I
85 BEAC IS AT B AR i A [ B 0 1 B
YERF IS | IR B A AR, DRI PR ATS () AR A AR AR o
RESC ML AC I A Ol . L ALP 3528y 15 F0 IF i
FEAL E ALP HSCHE 20 A, A AR R A
MLAIEE . BRI 4 ALP 214 2 R £ 150 | G
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ZRESEN AR FEHERR TG U
LT, MG ALP TS8R SE—A™ 5 B pi B 40 36 4 7 B
BLHEPR, Hop J& R & 10 20 7= 4, IR Hop 2
50% H U5 FH R, L, IR Hop 7EAR KR I
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