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ABSTRACT: AIM To investigate the protective effect of Sanqiang Formula ( SQF) on knee osteoarthritis
(KOA) in rats. METHODS A total of 48 rats were randomly divided into a sham group, a model group, a
celecoxib group (18 mg/kg), and SQF low-, medium-, and high-dose groups (3.8, 7.6, and 15.2 g/kg) , with

8 rats in each group. The sham group underwent only skin incision of the joint, while the other groups underwent
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anterior cruciate ligament transection ( ACLT) of the right hind knee to establish the KOA model. The rats in each
group were administered the corresponding drugs or normal saline by gavage once daily for 8 consecutive weeks.
After the treatment, behavioral tests were conducted. Hematoxylin-eosin ( HE) staining, safranin O-fast green
staining , and toluidine blue staining were used to observe the damage of knee articular cartilage. Micro-CT was used
to detect the microstructure of subchondral bone. ELISA was used to detect the levels of serum IL-1, IL-1B, 1L-6,
IL-17, TNF-ac, NO, and MDA, as well as the activities of GSH-Px and SOD. Western blot was used to detect the
protein expressions of TGF-B1, Smad3, p-Smad3, Col I , Col X, MMP13, Nif2, Keapl, HO-1, and NQO1 in
cartilage tissues. RT-qPCR was used to detect the mRNA expressions of Col I, Col X, MMP13, Nrf2, Keapl,
HO-1, and NQO1 in cartilage tissues. RESULTS  Compared with the model group, the ramp test angle and
thermal pain threshold were increased in the celecoxib group and the SQF high-dose group (P <0.01). The
articular cartilage surface was relatively smooth, the cartilage layer was thicker, the number of cells increased, the
morphology was relatively intact, and the safranin O staining loss was improved. The BMD, BV/TV, and Th. Th
were increased (P<0.01), while the SMI was decreased (P<0.05). The levels of serum IL-1, IL-1B, IL-6, IL-
17, TNF-a, MDA, and NO were decreased ( P<0.01), while the activities of SOD and GSH-Px were increased
(P<0.01). The protein expressions of Nrf2, HO-1, NQO1, TGF-B1, p-Smad3/Smad3, and Col Il in cartilage
tissues were increased (P<0.01), while the protein expressions of Keapl, Col X, and MMP13 were decreased
(P<0.01). The mRNA expressions of Nrf2, HO-1, NQO1, and Col Il in cartilage tissues were increased
(P<0.01), while the mRNA expressions of Keapl, Col X, and MMP13 were decreased ( P <0.01).
CONCLUSION  SQF has a protective effect on the knee articular cartilage and subchondral bone in KOA rats,
which may be related to the regulation of TGF-B1/Smad3 and Keapl/Nrf2 signaling pathways, and the inhibition of
inflammatory response and oxidative stress.

KEY WORDS: Sangiang Formula; knee osteoarthritis; TGF-B1/Smad3 signaling pathway; Keapl/Nrf2 signaling

pathway ; oxidative stress; inflammatory responses
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p-Smad3, Col I, Col X, MMP13, Nif2, Keapl,
HO-1, NQO1 & & kit A RRAEHLE 5MHN
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Fig.1 Comparison of thermal pain threshold and ramp

test angle in rats from each group (x+s, n=8)
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I SETFARAE, ™ P<0.01; SHRIH L, *P<0.05,%P<0.01,
B2 FAXBREXTRETEREBLE (35, n=3)

Fig.2 Comparison of subchondral bone microstructure in knee joint of rats from each group (x+s, n=3)
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B3 BSHRRBEXTRBAAKES

Fig. 3 Histological observation of knee articular cartilage in rats from each group

H. SEFRALE, ~ P<0.01; SHEMAHE,*P<0.05,"P<0.01,
B4 BEAXBRMBXRERF, SULHEFKFLLE (x5, n=8)

Fig.4 Comparison of serum levels of inflammatory factors and oxidative stress factors in rats from each group (x=s,

n=8)

HO-1, NQOI #EHKIBFEM (P<0.01), Keapl 2
HEIATHE (P<0.01); SR e, =a 4%
F 20 FH R A AR AR 4120 HO-1 B Rk
JHE (P<0.05, P<0.01), Keapl 75 [ 3k AR
(P<0.01), =58 77 & 7l ik 20 1 9E o 5 A 20 Nief2 |
NQO1 FHEHFE BT (P<0.01), =s@)yhalEad
NQO1 KBTS (P<0.01), WS,
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Tk WK 6 FR, SRTFARAE, B4 KR
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U SEFALLE,  P<0.01; SHIALHE,"P<0.05,%P<0. 01,
B5 &KAKRKFAL Nrf2, Keapl, HO-1, NQO1 ZEEFRIALLE (xzs, n=3)

Fig. 5 Comparison of Nrf2, Keapl, HO-1 and NQO1 protein expressions in rat cartilage tissues from each

group (xxs, n=3)

TE: SERTFARERE, ™ P<0.01; S LE,*P<0.05,%P<0.01,
Bl6 |AKRKBELR Nif2, Keapl, HO-1, NQO1 mRNA KiALLE (x+s, n=3)
Fig. 6 Comparison of Nrf2, Keapl, HO-1 and NQO1 mRNA expressions in rat cartilage tissues from each group (x=s,

n=3)

T EFI 4] Keapl mRNA FIKFEE (P<0.05), =
ST F 4 HO-1 mRNA £iATHE (P<0.01),
Keapl mRNA Fik[EL (P<0.01),

3.6 Z3E7 3 KOA K R F Mmietaseg¥a
3.6.1 HCHHZ TGF-B1, Smad3, p-Smad3. Col II,
Col X, MMP13 KL SEFARH LR, HiH
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2K FUIRCB 440 TGF-B1, p-Smad3/Smad3. Col II
FEHAFRIBEML (P<0.01), Col X, MMP13 FHH %
KTHE (P<0.01); SEIRIZ A, FEk 8 i 41 A
= g R R A R R 414 TGF-BL . p-
Smad3/Smad3, Col NI HEHFKETE (P<0.05, P<
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=R T EFE A Col X FE H R IXFEMK (P<0.05), L 7,

I SERTFARERE, ™ P<0.01; SHEILA LE,*P<0.05,%P<0.01,
E7 #AKXRKEAHSR TGF-B1, Smad3, p-Smad3, Col I, Col X, MMPI13 EHRIALLER (X5, n=3)
Fig.7 Comparison of TGF-pB1, Smad3, p-Smad3, Col I , Col X and MMP13 protein expressions in rat cartilage

tissues from each group (x+s, n=3)

3.6.2 HEHL Col I, Col X, MMP13 mRNA £ A=), EFE4H KB4 Col ImRNA £
ko SEFARAE, BARIARKEIEHL Col I HTHE (P<0.01), Col X, MMP13 mRNA Fik[EAIX
mRNA k&AL (P<0.01), ColX, MMP13 mRNA (P<0.05, P<0.01), —5EJrfilHIErgd MMP13 mRNA
FikFtE (P<0.01); SEAUZ LS, FEoREMA  FAFEL (P<0.01), WK 8,

E: SBRFARALE, ™ P<0.01; HSERLIE,*P<0.05,%P<0.01,
B8 ZAKRIKBAL Col I, Col X, MMP13 mRNA FRiELLE (x5, n=3)
Fig.8 Comparison of Col I, Col X and MMP13 mRNA expressions in rat cartilage tissues from each

group (xxs, n=3)
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