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Objectives This study was designed to evaluate the healing effect of Cordyceps Militaris
(CM) on collagen ll-induced arthritis rats.

Methods Sprague-Dawley rats were randomly divided into 6 groups (normal, control,
positive control, CM with low/medium/high dosage each). Type Il collagen mixed with
complete Freund's adjuvant (with 1:1 v/v) was injected subcutaneously, and the mix-
ture was injected in a same manner one week after the first injection to boost arthritis.
Arthritis index, paw thickness and von Frey test were conducted to observe physical
changes. hematoxylin and eosin (H&E) staining was performed to observe knee
cartilage. The levels of messenger RNA (mRNA) expressions of interleukin (IL)-123,
IL-6, tumor necrosis factor-alpha (TNF-a) in spleen were assessed by real-time pol-
ymerase chain reaction.

Results Rheumatoid arthritis is an autoimmune disease that occurs on multiple joints
and can lead to temporary shape change of bones or organ failure in severe cases.
Here, we aimed to determine the effect of CM extract on rheumatoid arthritis by
measuring paw thickness, arthritis index, conducting von Frey test and H&E staining,
and evaluating the level of IL-18, IL-6, TNF-a. As a result, paw thickness, arthritis in—
dex significantly decreased in low concentration group, hind leg became less sensitive
in all expermental groups. Also, histological analysis showed that the damage of knee
cartilage was prevented in all experimental groups. The level of mMRNA of IL-13, IL-6,
and TNF-a in spleen was analyzed to decide the effectiveness of CM extract. IL-153
did not show significant change, but IL-6 and TNF-a showed significant decrease in
at least one of the experimental groups.

Conclusions CM showed protective effect on knee tissue destruction and improved
the physical conditions of the leg involving arthritis. Also, it showed that CM has an-
ti-inflammatory effect on specific cytokines inducing rheumatoid arthritis. In con-
clusion, this study demonstrated that the therapeutic potential of CM for the treat—
ment rheumatoid arthritis, and set the foundation for the further studies. (J Korean
Med Rehabil 2022;32(3):1-11)

Key words Rheumatoid arthritis, Cordyceps, Autoimmune diseases, Korean traditional
medicine
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o % ShIE F2 sbEude] Botol s3le] 09
ol Chibel W S ek o AYsY B
9] &gl o] A= FFFLS 7| X]= A4l olH T

AA Q1 At A gto|n,

FrbEl 2 B Y] EEXBAR B AHZO| B 4
X Z A (non-steroidal anti-inflammatory drugs, NSAIDs)
U A 24 87r1E] 24| (disease-modifying anti-rheumatic
drugs, DMARDs) 52 ARSSH=T] o2 ¢ FE52 A
YA A A 5o 8-S e = sk,
ZAA 2o oF 50% A=ol e 574 7ol mlm|sHA|
Uehe 5 A JA] SAZ o]9f e AR o
el &keeta SefA|Al= FrtEl 2 WEP S 5ol U
of tijte] & < o, HAAZ = - 2JollA vkt
o R RS FrtEl BEAY A5 A&
g ATE Bol FotE & JTHo,

ARG 7S] B s vd o] Al
ol W= Frte s #EE 22 i A R5E
< 7392 201519 741890l A 2019\ 8,549 0.2 4
1,13190] S7Fetdar, A4 shelsr|# i 4
S 5 11910l Fste & PP R i a7 F
3] SoluUal Qv Agto]AT) JupE] 2 EEe] A
o tiall grefsAle] EFEsE X wHolY 43t
e gle Aotk
FrbEl 2 A efx R gk AFEE THA
27HY, KBS, MWHEARIRRS'Y 52
aAo] AL BalEal oy F2 BA $F= o]
Fojgom, Izt oFEe thk A+ F=53 Aotk

%3tz BFZ=(Cordyceps Militaris complex ex-
tract, CM)> &55k%, A1, vzl o2 FAH Ao
2 gt hE Y F5AE2] e ol 4] DMARDs
of ZE|Zo|EF H-8sh= FrlElz WHY SAlolA A
sl HHF Y FFo] AEE A WES Aol

KR Hish wiEaR, ke a1 2
2o ® deA I FAE F 5] cordycepin
Fulelx #EYE Fuke] AdfobM oA interleukin-1

beta (IL-1)Z A%t matrix metalloprotenases (MMP)-1,
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MMP-39] Ha-S oAt dFA Ato] BRI W
S A O ZMN activated protein kinase, transforming
growth factor-beta (TGF-f), nuclear factor kappa B (NF-
KB)% e Tk B34 RS 2EsE Ao
HU S}, =3k S s, Bt AHbn, W
= G50] o] o ATolM A TE EEo &
375 /AW, NFxB &4 AAIE 58 thdst 7hA
Qg4 A A So| Tk e Ao BIHY
ok A W, R SRR pieEg sk 3l Q)
T, 8% m Ed waEe,

olo AA= FFdtE EXFEE(CM)Y FrtE X~
EIE ¢olR A} type 1T collagen
2do] CM< Fo3 7 FH
4 24, 2293 AL AF cytokine 4 55 Al
aysto] FrtE]lx AP A A=E st ofn)
UE AHE A7l ool Balst= Hiolt}

—_

) o4

oot aE ) At F4& g,
AS(FEN)S 5957 Wanju, Korea), U455t ()
A 60%, AAER 40%)2 sHEAHElA 5 (Hadong,
Korea)oll A F+d3te] ofzfie} 2o 27} 1:30:69] HIEE
&35 t(Table 1).

A FE-L tghate] 2.8 F(Eumseong, Korea)ollA] 6
F% 47 Sprague-Dawley (SD) rat (190-220 )& £

Table L. The Herbal Composition of Cordyceps Militaris Complex

Scientific name Amount (g)
Cordyceps Militaris 1
Sus scrofa domesticus Brisson 30
Prunus mume Sieb. et Zucc. [§
Total amount 37
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12 753 ratol] chick type II collagene
0.1 M acetic acid®l 2 mg/mLZ 831A1Z] & complete
Freund’s adjuvant (CFA)%} 1:12 %3l 150 uLE &
2ol FatFAtstal 7d & FLE o] EFHE ag
of i ©f FARt WELS =T HEE

149 % 379] @?ZME Ho= g S

Doz Asiel BHY F2 A%E AR

JZERYYSE

A4 ontelE AL g 3omkele] #ALS
ou} 1ovelel Ak Bgle] FuEe] FakT
= 3nhel, P oEEs APTe ekl o
Wi<a}, oFEEG) & 2420) WAHY $LL T
2 A,

P x2S Yol BE ABAZ ARE=
methotrexate (MTX; 0.3 mg/kg; Sigma-Aldrich Co., Ltd.,
St. Louis, MO, USA)Z 100 L% &7 ol FAFSISTH

o= "g‘ﬂéloéff—a 300 uLA A Tk
O 2(25, 50, 100 mg/kg)
Zbol| 737+ Foetdth
U7E Foks #4535 5 ofo] ZetkM(isoflurane; Hana
Pharm Co., Ltd., Seoul, Korea) 2.2 Fu}z sk XA}
Azl & o] R8T v 23 AIEE Ao 4
Aol AR&-3FATHFig. 1).

4) Von Frey test

AYFE S RAT) UF NAEE F35
7] #1380l von Frey testE A3 TE 712X M| 2xE0)|7}
30x10x10 cm) 4A}e] whehell A-g 23 1 9o] 2
EE Y3 1AZFE SHEAZITE T Foll 25 gof A
= electronic von Frey aesthesiometer (IITC Life Science
Inc., Woodland Hills, CA, USA)E A83te] HEQ] 5
ol 103] A5 & F LS AU = F5 A
she SlE ST

5) Paw thickness 24

ARsE ST FH Wslkel 7% A=E SA]
) slite] FAE I 3354 24YU3L electronic
digital calliper (Mitutoyo Co., Kanagawa, Japan)S ©]&
st SA3HA T

6) Arthritis index 24

3o AFAE EHH O HES Fio] Wy} 5
T AEE S¢ BEst] 05 o= wiHT H Hde
o] B 55 B thTable II).

* Hind paw

Boosting Confirm arthritis inducticn Sacrifice | Spleen

—_— | |

| (6 days) 1 (7 days)) ] (24 days) I

| I | (14 daya)

I I

Tal injecion (15001} P.O (Saline, CM )
(Chick type collagen!CFA(L:L)) 1P (MTX)

Fig. 1. Timeline of experiment. CFA: complete Freund’s adjuvant,
P.O: per oral administration, CM: Cordyceps Militaris complex
extract, I.P: intraperitoneal, MTX: methotrexate.
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Table II. Grade of Arthritis Index

Grade Level of severity

0 No arthritis

1 Small degree of arthritis

2 Light swelling and redness

3 Medium swelling and redness

4 Severe swelling and redness

5 Severe swelling, redness and non-weight bearing

~

) ¥Z cytokine £

Aol o3 AHGHAH cytokines HF3H7] #15+
DE AF J2oA He TEo| HAZA O regl-time

polymerase chain reaction (PCR)S 343tH T} 4 tri-
zol A|9K(Invitrogen, Carlsbad, CA, USA)S A&-3l] H]
Az oA total RNAE 2|3t % PrimeScript™ RT
A eF 7] E(TaKaRa, Shiga, Japan)E AF&3l] cDNAE 3
A3 7+ messenger RNA (mRNA) @& o] ==& 7}
£ primers ©]-&3t ZAATE AHEE primer=
&3k 2ok IL-1p9) AEF primer F714 LS 5-CAC
CTC TCA AGC AGA GCA CAG-3’, &'}3F primer &
71 €L 5°-GGG TTC CAT GGT GAA GTC AAC-3’;
interleukin-6 (IL-6)2] *3F primer 9714 <EL 5°-TCC
TAC CCC AAC TTC CAA TGC T-3°, <" primer &
718 5°-TTG GAT GGT CTT GGT CCT TAG-3’;
tumor necrosis factor-alpha (TNF-a))2] “3*-8F primer
714488 5°-AAA TGG GCT CCC TCT ATC AGT T-3’,
ek primer 9714 LGS 5°-TCT GCT TGG TGG TTT
GCT ACG A-3’°]%lt}. 18]al glyceraldehyde 3-phos-
phate dehydrogenas (GAPDH)2] “d*-&F primer 7141
Q& 5-AGT TCA ACG GCA CAG TCA AG-3’, 9k
primer G714 E-& 5°-TAC TCA GCA CCA GCA TCA
CC-3’& AHE3IATE 4t mRNA 42 Power SYBR®
Green PCR Master Mix (Applied Biosystems, Foster City,
CA, USA)F &7 7500 AAIZE PCR Al 2-Hl(Applied
Biosystems)< AHg-st] A wFstE ATk Ao ddE st
$-2~ 715 522 GAPDHel th3k AH13tE gt
AACt (H71A4 Cti= PAIRRA Aol & 7)) &4 Wi
AHg3te] Al4kskdth PCR HH-2 95°C (15 sec) 2 6
0°C (1 min)oll A 40F7] Bt APstAch
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o 11 ohy &4 ABEAAEE A cover glassE AL
skt 2 &)= 40u 9] Bl-&-Z bright field
microscope (Nikon, Japan)Z &3} T}

3. A=A

218 A= meantstandard error of the mean 2.2 7]
3192, FAA 2= GraphPad Prism 5 (GraphPad
Software Inc., San Diego, CA, USA) ZZ 1S o] &
3}, Mann-Whitney test=Z 52|42 HAS3IAT p
o] 0.05 HRHY of FAAC = FojAdo] vkar A4
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1. Von Frey test 3}

AREES S TIZkEo] WslE 818k} von Frey
testS AlSYSIATE TS 1.08£0.953], TIZTS 6.63+
1.873]¢] A5u3-& UERATE MTXT2 3.4+1.363],
CM L& 3.13£1.173], CM_ M2 3.5+1.123], CM_H
T2 2.541.123] 9] A=HhE-S Hof AT BE v

=

oA BAXOE ol Wt THAE K ATHFig. 2).
2. Paw thickness H3}
A FE S T/ H3lE dolR 1zl 2d FFAS

2 gke] FAE electronic digital calliperg ©]-8-3}<]
78t B 2495t ST FA7E 5.6+0.3 mm



M $E H9Y B 2] o 530 HeRaRol AR o g

oA 5.840.3 mm=E, ETS 9.540.2 mmoll 4] 9.6+1.4
mmE, MTXT 9.5£1.1 mmolA] 9.3£1.41 mmE 7
Ao fofgk Wbyt Itk 18y CM L2 10.8+
0.7 mmollA] 8.5£0.25 mm=Z Fe] FA7} F-2l5HA 7+
239tk CM_ M2 9.540.9 mmollA 9.240.6 mmE,
CM HT-2 9.2+1.1 mmolA 8.9+1.0 mmZ 7HAsh= 7
e Bov FAHSE folakAl = FUTHFig. 3A).

W i & CMS FoAH & 719 19 2k} 24
z1e] AJoiF WslE ME-SE St Ay} g, tiE,
MTIXT-S 22} 103.4145.39%, 101.10:£16.13%, 99.73£18.90%
Z APt A9 gl CM L2 78.22+ 3.15%= YE}r
U SARCE Fogt FA9 TAE BATHFig. 3B).

3. Arthritis index &3}

AFFES S 15 2 1o WslE dolr izt
arthritis index& 71519 th tiZTo A= 4£07 oA 4+
1702 & st I MTXT2 40,8704 3.6+1.3
o= FHash= Zee o FAR R FosiAl=
2tk CM MT-L 3.8+1.080014 3.8+0.58 0.2 W3}
7 91031, CM HT-2 4.0+1.2739014 3621102 7ha
SHAAT SAH SR FofsiAE edth T2 CM_L
T2 5.0£08 04 3.0:0H8 02 EAA O R Fol3HA 7+

A.
13.0
12.0
1o | 1 l 1 l
1 R =]
9.0 1 =3 % —4—
2 % 1 i i b i I + s
< 80 J = } 1
£
2 7.0
& I
6.0 1 I 1 _ 1 _ ¢ -
— 1 — 1 I L
5.0 T
4.0 . . . . . . . . . :
0o 1 306 9 12 15 18 21 24 days
Nor con MTX CM_L —& CM_M CM_H

4319 CHFig. 4).

Pain score (humber)
F's

[X]
1

I

u T T
NOR CON MTX CM_L

Fig. 2. Effect of CM on the pain sensitivity in collagen II-induced
arthritis rats. The Sprague-Dawley rats were subcutaneously
injected with type II collagen in the base of tail twice with
1-week interval. The animals were orally administrated with
CM (25, 50 and 100 mg/kg) for 24 days. The pain sensitivity
was analyzed by von Frey test with 25 g pressure for 10 times.
CM: Cordyceps Militaris complex extract, Nor: normal (non-treated
rats), Con: control (arthritis group treated with vehicle), MTX:
arthritis group treated with methotrexate (0.3 mg/kg/day), CM_L:
arthritis group treated with CM (25 mg/kg/day), CM_M: arthritis
group treated with CM (50 mg/kg/day), CM_H: arthritis group
treated with CM (100 mg/kg/day). Significantly different from
control (**p<0.01).

§'|
H

paw thickness of day 21 compared to day 1

0 T
NOR CON

Al

Fig. 3. Effect of CM on paw thickness in collagen II-induced arthritis rats. The Sprague-Dawley rats were subcutaneously injected
with type II collagen in the base of tail twice with 1-week interval. The animals were orally administrated with CM (25, 50
and 100 mg/kg) for 24 days. The thickness of paw was measured every other day. (A) The paw thickness was measured 3 times
in a week for 24 days using electronic digital caliper. (B) The relative paw thickness was calculated by comparing the thickness
of the first day and that of last day in each group. CM: Cordyceps Militaris complex extract, Nor: normal (non-treated rats), Con:
control (arthritis group treated with vehicle), MTX: arthritis group treated with methotrexate (0.3 mg/kg/day), CM_L: arthritis
group treated with CM (25 mg/kg/day), CM_M: arthritis group treated with CM (50 mg/kg/day), CM_H: arthritis group treated
with CM (100 mg/kg/day). Significantly different from control (*p<0.05).
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2l CM L] 2.35+0.13, CM_Mo] 2412037, CM_H7} 2.06+

6 -
) ; 1 0.84= YEJL} 212 o)7]|= shARE thazaell niste] 7+
[ | 1 I AT RS HRIY 5 YUAT BAHOR frol5A]
% 4 — 'Y | T .
i £ T i ! 1 ~ I = ZUTHFig. 5A).
23 i T 1 13 i ]
E , 2)IL-6
, I T T HHYE L APsEolA A4 ARIETRRI IL-62
I ] s WSS Lolugith 1 Ask FATL 091:0.13,
T[T [ I _
o 1 2 6 9 12 15 18 21 24 days tlZ7o] 1.1740.33, MTX©] 0.99+0.490|0H, A&
-1 - Nor Con MTX CML —CM M CM_H O] CM LO] 099:|:O 46 CM MO] O6O:I:O 23 CM H7]'
Fig. 4. Effect of CM on the arthritis index in collagen II-induced 1.14+0.342 JE}TE
arthritis rats. The Sprague-Dawley rats were subcutaneously . = Slaled ok -
injected with type II collagen in the base of tail twice with CM_Li el A= tizatel] Histe] dsd el o
1-week interval. The animals were orally administrated with IL-62] mRNA @& o] ZHaste] s} vls=stA] &
CM (25, 50 and 100 mg/kg) for 24 days. Arthritis index was S0 o1l B4 o Sl olo
scored every other day. CM: Cordyceps Militaris complex AU AR FelShA = BRLal, CM_Hizel
extract, Nor: normal (non-treated rats), Con: control (arthritis Ae Uz Hs5 3dS BT CM Mol =
group treated with vehicle), MTX: arthritis group treated with wrElo —= e =970 o o) 5l ZIam
methotrexate (0.3 mg/kg/day), CM_L: arthritis group treated IL-6 o] thzrdl nistel FAXCR Fold s
with CM (25 mg/kg/day), CM_M: arthritis group treated with £ YESTHFig. 5B).
CM (50 mg/kg/day), CM_H: arthritis group treated with CM
(100 mg/kg/day). 3) TNF_a

HEG 8 AP 5EANA AFA AIEZIR] TNF-a
o] AT WiskE dolr itk B4 1.05+0.14, =
0] 1.61£0.30, MTX0] 0.78+0.420]91 0.1, A&7l
CM_L°] 0.80+0.35, CM_M®] 0.56+0.33, CM_H7} 0.56+

AL AP FEANA 954 ARIETRI IL-1B2] 0352 Yephgth
s WelE dolrdth I A A2 1.72+0.51, AF T mEo A )zl HIEk TNF-0.2] mRNA 2]
thz7o] 2.59+0.38, MTX0] 1.80+0.55°]1t}. AT o] SAHOR FosA A thFig. 5C).

4. B3 cytokine 2N H3}

=

=
&
TNF-a mRMA expression

IL-1p mRMA expression
IL6 mRNAexpression

=]
=2
[
=]
2
'=
=
=
=

NOR CON T CML CMM CMH NOR CON MTX CML CMM  CMH NOR CON

Fig. 5. Effect of CM on the mRNA level of IL-1B, IL-6, TNF-a in spleen from collagen Il-induced arthritis rats. The Sprague-
Dawley rats were subcutaneously injected with type Il collagen in the base of tail twice with 1-week interval. The animals were
orally administrated with CM (25, 50 and 100 mg/kg) for 24 days. Total RNAs were isolated from spleen and used for real-time
PCR with rat IL-1B (A), IL-6 (B), TNF-a (C) specific primers. CM: Cordyceps Militaris complex extract, Nor: normal (non-treated
rats), Con: control (arthritis group treated with vehicle), MTX: arthritis group treated with methotrexate (0.3 mg/kg/day), CM_L:
arthritis group treated with CM (25 mg/kg/day), CM_M: arthritis group treated with CM (50 mg/kg/day), CM_H: arthritis group
treated with CM (100 mg/kg/day). mRNA: messenger RNA, IL: interleukin, TNF-a: tumor necrosis factor-a. Significantly different
from control (*p<0.05, **p<0.01).
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H3s = T &3 AEE ERlsH
7] $18) A EY FEHd A&l =g ARk
hematoxylin and eosin (H&E) staining= A|3J3}34t}. 1
A3 dzTolAe FEHEe da o] sajE
HEZH AE=9] vgte] #&EE 5 WA vt &
7he = Aol #AE I, MTX T3 ATl e U=
ol Blste] IEA ol o3 o] w37} HAH
e BEsIAT 53] Ay BroA #EdES &

ouke] sha)7} 7o) RaEA IATH(Fig. 6).

Fig. 6. Effect of CM on histological changes of knee joint in
a collagen Il-induced arthritis rats. The Sprague-Dawley rats
were subcutaneously injected with type II collagen in the base
of tail twice with 1-week interval. The animals were orally
administrated with CM (25, 50 and 100 mg/kg) for 24 days.
Hematoxylin and eosin staining of knee tissue was conducted.
CM: Cordyceps Militaris complex extract, MTX: arthritis group
treated with methotrexate (0.3 mg/kg/day), CM_L.: arthritis group
treated with CM (25 mg/kg/day), CM_M: arthritis group treated
with CM (50 mg/kg/day), CM_H: arthritis group treated with
CM (100 mg/kg/day). =: synovial membrane, 0O: cartilage,
o: destroyed knee joint (magnification, x40).

= 249 $5 290 O B30k BUFEES Az w3y
AZ»»»

TR Al EZRRIS wizlE A
S F 2o = AHEY
Aglo|th), B4 39 = ArpHAErS S o g uhy
B AP I3 o) &2 IL-1B, IL-6, TNF-a2} 2
2 EAEC o3l SEFH o= Qg #He| 53, AT,
FE &gl o Wy TS gtk Fulglxs B4
Fe A F AR o] JdEE=T, 7)ol W
T8 e AHHANRS-S B3l THIZ7} Thi Al
Z 2 B3}3131, o] ThiA|=E7} IL-18, TNF-a2} 2 95
d Aol E7IRIE Hnlste] A7FPAARRZ-o] XISPHTH.
o]% ¥ W ol A7} MMPs, Ao E71Q1 & A4
sto] A 9 229 7t AP, ARHo s
FubEl 2 TEGo] MY F1 Dt BAdshe Ha,
A A2 5] WA ZT} LkshE IL-6, IL-1B, TNF-q,
TGF-B, IL-8 59 Thf3t Ato] E7IRIE] EA A &
] o] F Ale|E7Rlo] FulElx I ] e, I
A /e ARl E AP, wpehs] Fube 2 B
Bl A8Al= HAAAS =4 s8I A=
of gk A axE Yehfof ok

Fulel 2~ A e] X Foll= DMARDs, NSAIDs9} 2
< ofESo] AW Aol wEt AREE AT, NSAIDs+=
A olHTAlY T2 ElETHS JAEtY B, HE
T N A Fmoll= aRF oy dg ApA| o] A B
B35 AEA = E3Th DMARDsE 3| Hs

sho| gt A= FulElx BEL-S FEER, HED 5
o= Kol 71 dRldl we} (R, FEGE), BEEGR),
B, R S OE sk X msimM AAA
1FE B FAA Tt FrtE 2 9 2 5o
RIS Rl vk o,

5% 3Z(Cordyceps Militaris)= —1 "3& o] Hifisl
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=4 EJ’]‘*‘ IS 4= k= AZE AAT ol A
A= FFE EFFEE0] type 1 collagen & A=
o] A Uehli= A5 &35 glstaat sk

6575 57 SD ratsE 157Y7E ARS3E F chick type 11
collagen¥} CFAE ZE]d IJslFAEIAL 15 & TS

melol] AR FAe] BAYE fEstAt APEE
& U2 g2 JYaE, AU ATEE 4
T FNEET AT veETe % 7)o T

2 UTa, 2493 oFE 0:13 213 gk 5§ X AbstaATh
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