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[ Abstract] Objective: To assess the curative effects of Fangji Huangqi detumescence prescription
(FHDP) on synovitis and polarization of synovial macrophages of knee osteoarthritis (KOA) model in rats
induced by Hulth method. Method: Thirty-six rats were randomly divided into sham operation group, model
group, high-dose, medium-dose, and low-dose (29.16, 14.58, and 7.29 g-kg"') FHDP groups, and loxoprofen
sodium (16.2 mg-kg"') group. KOA model in rats was induced by modified Hulth method. Six weeks after the
operation, rats were given high, medium, and low concentrations of FHDP, normal saline (NS) , and
loxoprofen sodium according to the group to intervene, and sacrificed after 2-week administration. Synovium
and cartilage histopathological changes were observed after hematoxylin-ecosin (HE) staining. Flow cytometry
(FCM) and immunofluorescence (IF) test were used to evaluate the polarization of M1/M2 macrophages.
Immunohistochemistry (IMC) and enzyme-linked immunosorbent assay (ELISA) were used to detect the
related protein expression levels of macrophage polarization, such as interleukin-18 (IL-18) , tumor necrosis
factor-a (TNF-«) , interleukin-10 (IL-10) , and matrix metalloproteinase-13 (MMP-13) in joint tissues and
serum. Result: Compared with the sham operation group, Krenn and Mankin scores in the model group were
significantly increased (P<0.01). Compared with the model group, Krenn score was decreased in all
administration groups (P<0.05, P<0.01) , but there was no significant difference in Mankin score in any
administration groups. Compared with the sham operation group, M1/mg (CD38") ratio in the model group was
significantly increased (P<0.01), and M2/mg (CD206" ) ratio in the model group was decreased (P<0.05).
Compared with the model group, M1/me ratio in the high, medium, and low-dose FHDP groups was decreased
(P<0.05, P<0.01), but M2/me ratio was increased in all administration groups ( the difference had no statistical
significance). Compared with the sham operation group, M1/M2 ratio in the model group was significantly
increased (P<0.01). Compared with the model group, M1/M2 ratio in all FHDP groups was significantly
decreased (P<0.01), and M1/M2 ratio in the high and medium-dose FHDP groups was lower than that in the
loxoprofen sodium group ( P<0.05). Compared with the sham operation group, the levels of TNF-«, IL-18, and
MMP-13 in synovium and cartilage of the model group were significantly increased ( P<0.01), the level of IL-10
was significantly decreased (P<0.01). Compared with the model group, the levels of TNF-a and IL-18 in
synovium were decreased in all administration groups (P<0.05), but the difference of the levels of MMP-13 and
IL-10 in synovium had no statistical significance. The level of inflammatory mediators in cartilage was not
affected in all administration groups. Compared with the sham operation group, the levels of TNF-a and IL-8 in
serum of the model group were significantly increased (P<0.01), the level of IL-10 was decreased (P<0.05).
Compared with the model group, the level of TNF-« in the high-dose FHDP group was decreased (P<0.05), and
the level of IL-10 was increased in all administration groups (P<0.05, P<0.01). The difference of the level of
IL-B in all administration groups had no statistical significance. Conclusion: FHDP attenuated the synovitis of
KOA rats. FHDP exert the effect on the releasing of proinflammatory cytokines and MMP by inhibiting the
polarization of M1 macrophages in synovium, and had no significant effect on the polarization of M2
macrophages. Modulating the imbalanced polarization of synovial macrophages was a possible mechanism of
FHDP on attenuating synovitis and treating KOA.

[Keywords] Fangji Huangqi detumescence prescription (FHDP) ; osteoarthritis; polarization of

macrophages; synovitis; inflammation
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Table 1 Effect of Fangji Huangqi detumescence prescription

(FHDP) on Krenn score of synovitis (x+s,7=6)

21 51 Fl /g ke W5 46 Krenn PE53/43
BFARLA 0.00:£0.00
I 2 5.17+0.98
2 R Al 29.16 2.83+0.75%
e 24 o) A 14.58 3.33+0.829
o 24 (%0 5 4 7.29 4.00+0.89”
7Y 2520 0.16 3.83£0.75%

0 58T R4 8 VP<0.05,2) P<0.01; 5 8 8 4 1P P<
0.05,P<0.01; 5 P4 2524 .4 V' P<0.05( 3 2-% 7[/])

TE A BT ARU B, BEAIZ CTE Iy e R i 4L D. T iy
FUGE L E. 8 My R B4 5 F. va 2540 (18 2-18 11 JR])
E1 BOERHEMANRRAKRBEZYENF(HE,*100)
Fig. 1 Effect of FHDP on histopathological changes of synovium
(HE,x100)
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Table 2

7 Mankin's ¥ 9 B9 & M0 (¥+s,

Effect of FHDP on Mankin's score of cartilage

degeneration (x+s,n=6)

21 51 /g kg W R Krenn P¥E43/43
BFARA 0.00+0.00
A 24 5.67+1.03
o 24 e ) e 2 29.16 433+1.03
e 24 o) 4 14.58 4.50+1.64
o 24 A% 79 e 41 7.29 4.83+1.47
TG 24520 0.16 4.83+1.17

E F
B2 BEERHEMANREARREZLENHM(HE, <100)
Fig. 2 Effect of FHDP on histopathological changes of cartilage
(HE,x100)

4 (P<0.01) , IL-10 B 7K F 5 3 B AL (P<0.01) ;
SBIRLA L8R, S IR T AL Re AR R T
TNF-a  IL-18 7K F (P<0.05) , %5 i3 J7 41 ¥ oK BE v 28
IL-10 &z MMP-13 (/K F-. LI 3 &3 K 4~[K 6,
3.5 X KOA KRB 42 TNF-a.IL-18.1L-10.
MMP-13 FREK R m 5HF R g, Rl

B3 FEEEHMAERHAR S TNF-o &% KB F M0 ( 5
214k, x100)
Fig. 3 Effect of FHDP on expression level of TNF-« in synovium
(IHC,x100)

4H K H h TNF-a IL-18.MMP-13 14 7K % 5 2% # &5
(P<0.01),1L-10 [ 7K F & 3 B AIK (P<0.01) ; 5 455 1
M HE, #9597 43 K BE 20 4F TNF-a IL-18.1L-10
K MMP-13 7KK DL 4 18 7~151 9.
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(P<0.01),1L-10 [ 7K F- B Ik (P<0.05) ; 5 B A 4 Lk
BRI AT — o R L R AR b S T
9 TNF-a 7K F B HA 2y & i A R E e 22 5
(P<0.05) , & VA J7 41 ¥ R BE R AR = % 7+ & 9 IL-18
IKAF, 2530 9T A1 B R T I R S R R AR A IL-10
K (P<0.05,P<0.01), W35,

3.7 XF KOA KB Gy P I 5 5 5 400 it M1/M2
b 2R i 1) 52 i)

3.7.1 X KOA KB E I me # fL B 520 F4/80" 4

£3 BOCERKHEMAMNBRAARRMENRREKFHZIE (X£5,1=6)

Table 3 Effect of FHDP on expression level of inflammatory mediators in synovium (x+s,n=6)

20 51 Fl 4t /g kg TNF-a IL-18 IL-10 MMP-13
BTFARH 5.18+1.89 4.87+2.53 12.95+7.26 4.18+2.12
H R 2 16.72+5.52% 23.03+10.59” 5.40+1.827 11.34+5.26%
e 24 R A 29.16 10.62+4.43"% 13.30+4.90'"% 6.22+3.69” 8.22+43.12
rp 2l v R Al 14.58 11.18+4.30" 14.75+5.84!"% 7.08+4.18" 7.76+3.51
rh 2L Al 7.29 11.84+4.60% 15.15+5.48%% 5.66+2.46> 8.48+3.47"
U 0.16 11.20+£2.74" 14.63+5.06'% 5.80+2.817 8.14+3.09
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E F
B4 BFCEEHMAXERALR D IL-18 RIE K F B R0 (G
41k, x100)
Fig. 4 Effect of FHDP on expression level of IL-1-8 in synovium
(IHC,x100)

A B
’ -,
4 "o
C D
E F

B 5 BiCEEHMAERARB IL-10 RiE KT8 200 (5
# 1k, x100)
Fig. 5 Effect of FHDP on expression level of IL-10 in synovium
(IHC,x100)
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M2/me FEAIK (P<0.05) ; SRERIZ L3¢, 4067 418

A B
“

C D

E F

Be6 BEHEKHMAINBEALR MMP-13FiEKFHZIE(HG
PELAL,x100)

Fig. 6 Effect of FHDP on expression level of MMP-13 in synovium
(IHC,x100)
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4 HCEEEMAXNRBALPRENRRIEKFEHZME (r£s,n=6)
Table 4 Effect of FHDP on expression level of inflammatory mediators in cartilage (x+s,n=6)
215 Fl /g kg TNF-a IL-18 IL-10 MMP-13
i F AR 4 4.95+2.06 6.71£2.16 14.39+5.65 3.60+1.57
A2 15.71+4.51% 21.15+5.81” 6.70+3.39” 10.11%4.52%
v 2 5 e 4 29.16 12.67+3.86% 16.79+4.14% 7.05+3.68 8.30+2.73%
rp 2 5 4 14.58 12.40+3.45% 17.08+3.46% 7.60+2.84% 8.71+2.57%
Hp 2 5 = 4 7.29 13.51+4.00% 18.47+4.69% 6.79+2.67% 9.02+2.44%
(e 0.16 13.3243.39% 17.29+4.04% 7.19+2.52% 8.92+2.72%

A B
¢
A
C D
iy
,
' # b
F. S o~ ' o4
E F

B 7 BEERHEMATREHRP TNF-a FEKFR M (G1E
#4L,%100)
Fig. 7 Effect of FHDP on expression level of TNF-« in cartilage
(IHC, x100)

B me 43 . M T, B8 HE DA i O 43R T AR
JH AT BB 2 38 oF DL #2588 sy, 45 me i fk R
5 — 5% W) 58 E K 23 W — P03 G 1 N R AE — IR T
TR 9 — I8 5 1R IR 7 — IR 9T KOA . TESE I i
FLA A B A AR 0 OGN R E AR TR
AR H

o B 2 28 L b 3 b O 4% IR 9T 41 RT KOA
TE R JEE B O AT R AN B 4R Krenn 5 3 40 G0 P2 B3,
2 T RS R R RO 45 R DX O AR T
KOA ¥ B 52 W VEFH o 45 5% 7 1 I 7 ] B AR 4
f) Mankin PE4) , {H 5 RERD 20 4525 S R B R . (HAR
5 Mankin [ 5 9 3 bR HEGEAT LB, v 23R 97 B
A —E R BANEN . B8 R R R
N 55 BB AR AR ) SR DDA G, 40 ) 8 RE IV BB A AL
A0 ) R AR R TN AR S G 1 Bk 4 2R T
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LA o v o AT 4
L S D R \

B 8 By EEHAXREHLR A IL-18 FiE K T 800 (55
21k ,%100)
Fig. 8 Effect of FHDP on expression level of IL-18 in cartilage
(IHC, x100)

S TR S ULEE I a] i e i 2

i o ELISA AR I 7% 48 E 40 A B 1y K, 45
SRt 7 8 ) T b 75 AT BRI KO A KRR 2% 4 i K]
F TNF-a 7K -, 4% v 2 21 1 mT 48 5 Bt 9 40 i ) 7
IL-10 (/K- 25 &2 Il 3% B 19 KPR BE o8 4 )
IO 5 S T A5 L 8 TMLC G 0 S 4 )R 35 6 i (A
RO RV SR T N el BT (1 L A AR
& 40 B A 1 IL-18 & TNF-a i 7K, (H 2K fiE gl 78 7
JEE MMP-13 S TL-10 B 7K ~F-, 32K g 52 0 45w Hh & ¢
JiE A TG O, X — 45 5 5 ELISA BEAFF & . 45
Ui B1IZ 5 AT LS KOA K RS Y R iE R 7 9 4 b
RV S R U A (! N NS B e | (2
F o B8 1 A2 0E 5 0 IMC B 45 21 22 55 1
5, 3R] R CE 0 4 i R o TR T TR R
B ifs KOPCH A0 B A, L2 Al 32 32 MLS
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Fig. 9 Effect of FHDP on expression level of MMP-13 in cartilage
(IHC,x100)

x5 BDCEREMAXNODBFIAREFREKENZMW (xts,
n=12)

Table 5 Effect of FHDP on expression level of cytokines in serum

(X+s5,n=12) ng-L"
21 51 MiE/g-kg'  TNF-a IL-18 IL-10

& F A 4L 5.95+1.61  2.15£0.45 6.07+1.28

R 41 13.01+£3.95%  5.07+1.60% 4.61+0.56"

hefmlaae 2916 8.06+1.40"% 3.67+0.67% 7.82+2.68"
v 2 v ) e 14.58

rh 24 IR 0] 4k 21 7.29

8.98+2.30"  3.61+0.73% 7.45+1.45Y
10.44+42.75%  4.14+0.72% 6.16+1.13%

P 245 41 0.16 8.97+2.39"  4.01x1.62" 6.29+0.82%

x6 BCERKEMAXNBERF MI.M2E K4 E me B &40 A
AR (+s,n=6)
Table 6 Effect of FHDP on proportion of M1 and M2 in me

macrophages in synovium (x+s,n=6)

20 51 Fl /g kg M1/me/% M2/me/%
BT ARH 38.95+9.95 54.48+12.68
HE R 2 72.24+12.99% 40.83+12.09"
2 R L 29.16 53.10+14.00” 43.40+5.70
r 24 ) 4 14.58 55.31+12.55"%  43.35+5.55
TR IR B 4 7.29 61.48+11.78 44.16+10.00
74 245 24 0.16 59.36+15.86" 43.99+11.53

DAPI

CD38 F4/80 Merge
10 PFEEEEMAXBES M1 E KA & Lk A2 m (G5
&, x200)

Fig. 10 Effect of FHDP on proportion of M1 macrophages in

synovium (IF,x200)

AR 52 e S AR A AR A T R iy AR A B
UG X —45 1 5 BLOM BIBF% 45 AL,

FCM &5 5 5 7 1% 07 45 4134 7] 4 35 F ik M 1/m,
24 ) A L R R AR R REBR T 2
o 0 o 2 DL A TR A R LA AR YT A ML L B
AT AR &, U OA HIl K & 5 8 M1me 31
HHE N, X5 WOOD % AR 45 AT A . T
M2me B Ak 7 T, i 7 2 21 7E 45 AL B A% T 2
(b ) KVEHAEHMA KT ES . T
HAREA R AFTE ) 22 55 M M1/M2 38 5. 46 M 1%
o M2% fiE O 4 Hb & R W 4 B AR AR A
M1/M2 25 3 & 7R 4% v 24 41 359 e A 70 A A7 BRI 1Y
M1/M2, B 1% J5 B AT IR 45 me Ak 2% 5 (4 1R -

IF A DL BT 4l B e Jy 35 M1/M2 1 2 IR A4S
g5 R b 25 R a2 M1 /me 35 B RS AL 4 R
1K, T 4530 97 L3 A BE A S50 v s L) 5 BRI 1Y
M2/me. DL I 45 5 3t B iz 7 v] 3 R AL ML FE
MO/me H {4 HE A, T X M2 76 MO/me i HE 461 T 5%
Wi 42 /0N, AT LA Bk 3 M1/M2 B R AR S, X — 45 R 5
TR W 25 AR AF . IL-18. TNF-a 1 IL-10 [ 7] J2
We 28 9 RS A s 2 M1 FIl M2/me 1 B bR &
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Fig. 11

[+~]

aQ

v}

es]

i

Effect of FHDP on proportion of M2 macrophages in
synovium (IF,*200)

x7 BHOEEHEMANEES MUM2 E B 45 L 6 89 % W
(X+s5,n=6)
Table 7 Effect of FHDP on proportion of M1/M2 macrophages in

synovium (x+s,n=6)

FilE=s
45 . M1/% M2/% M1/M2
/g kg
BFARH 5.13£1.02  5.97+2.49 0.97+0.37
ST 2 15.82+3.07%  6.01£1.51 2.75+0.69%
iR EAl 29.16  5.69+0.707  3.73+£0.63 1.56+0.27'*%

Rl 1458 9.69+£2.42"Y 6.41+1.71 1.55+0.39"*Y
TMCRIEA 729 10.86+£3.997

[ 0.16

5.83+2.43 1.91+0.22%%

9.60+1.56> 4.55£1.15 2.23+0.63%

Pyt L THC M ELISA BY 45 5 5 1F B Fz e i) 15
BLEEAAAAT o 4 3 45 UL W b 5 32 2 o B
I M1 % — 7 3Rk 3 MM (R AR ZS . AHF
F Y 45 BB T B OB R by B 4 KOA W
FRE 58 A i A2 2 4 B DR 3 0 3 3 41 ) ML AR £ A
5 M 1/M2 5 W 200 A Ak 28 i i 7

AW T AFAE — 2 Jry BR M AL 46 A AS 5 /), T
25 Bl PR i A A P AE 2 o PP AL O TR AR S S E
B 58 BN 3 1 (Western blot) , A& i F SRS 98 6 E B B
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4 i 5% 2 2 I (Real-time PCR) PF il 3 [ 28 4k 45
JiE B, A S WL 4% BT i 5 8 45 MILS AR Ak g
KOA X7 W RAE M BIR YT B W IEN B T2
RO, 1 AW B b 4 me W AR Y 45 538 2 [ A
B St F - kB (NF-«B) | 22 24 536 1k 2 A 3% i
(MAPK) . i 2. 2l %) B A 55 2 #8411 (mTOR) % ] |
FE M (mRNA15555) , 30OR & T — B 0F 500 75 1l .
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