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Abstract The effect of cordycepin purified from Cordyceps militaris on macrophage activation was investigated in
peritoneal macrophages isolated from C57BL6 mice. Lipopolysaccharide-induced mouse peritoneal cells showed that
cordycepin treatment increased the expression of the inflammatory cytokines interleukin (IL)-1, IL-12, and tumor necrosis
factor-a. (TNF-a), leading to early inflammation-mediated reactions, the activation of immunological responses, and T
lymphocyte activation. T lymphocytes, activated by a greater production of IL-6, resulted in antibody-generating immune
reactions, suggesting that cordycepin was effective at inducing immunological responses. Consistent with the increase in
the inflammation-mediating factors including nitric oxide (NO) and hydrogen peroxide (H,O,), the toxic response of
macrophages was activated and effectively induced inflammation. These findings demonstrate that cordycepin is involved
in reducing cell injury provoked by inflammatory reactions. Therefore, these results suggest that cordycepin treatment of
mouse peritoneal cells induces inflammation-mediated immunological responses and immunostimulation.
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t}H4). LPS (lipopolysaccharidey= lipid A2} E2lH X4de] B3t
g7 2gEe] e AR A (phosphoglycolipid)dll ©]3l 384
sojxl a5 SAdATe] WA ARoltk(s). LPsell =Ed w4
M EE interleukin (IL)-1B, IL-12, IL-6, TNF-a$} 7Z+& A
AP EFRRIE HH|ste] 2RRIAR] mAEe tigh 7]

S Wl MAES AAS] Yt 79 2714 9
ks 28-S Sth6-8). HAlE LERIAE tiAH Y
AAE G5t A EAA RHE TFe Aol BRI

og] A H-gHAA L] B3l HAsA H=d

3] SHAA A M X (antigen presenting cell)S] TIAAE7} FZ 25l
AAEE LS T HZ7} 1A sHEA] o] F XTHO).

S M (cordycepin)> 3'-deoxyadenosine S ZX| Cordyceps mil-
itariso| A FElE BEEZ IEA ATH0). C militariss A o]
ol Ao Wol| XAt flom, d2HE FFoA dE] HEoF
Ao R T FFIREA HZ AT mEH o5 F
FES WIS(11,12), FU(10,13), FAT(14) T2 thdst 7]
A0 dokal HaEe] i) olyg 71eAdS 7Rl TSk
o] AYAAL DNAS] FAEZ 5 sl diSA ol =4l
(deoxyadenosine)Z} wl-¢- FAFSE oftl|i=qle] 3 X9 FAH7]7}
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Fig. 1. Chemical structure of cordycepin.

Qlate] dK(15,16), FHS(17), FAIsK18), BWAFH(19) & T
3 AE75S yeElle Aes ByET Qo

E A3eE ol#e gyt 7sdS 7K ZoHEe]
ks ZHA ] B2 (C. militaris JLM0636)S S2315]0H
(20), T&3tz UMY FF S w2 754S Fels)
7] &) BAFAETE AESY o 5 EEE ZuARd)
3t WeZta ko] A7 C57BL6 nF$-229] WA L2 RE
Th1z} Th2 Alo]E7RIe] BH|E7 2 TNF-o, IL-6, IL-17A9] 4
4 AelEFRRIS] Wl tisle] B AHeA Basisen
(21,22), HAAZ] 3+ AGBA AFE RAW 264.7 thAE
E o83t dEelre] wAfFe tidt A7 BaE v JTh23).

e B A3eMe ZoAE 18w 55k WISy
< AEF7] Y8le] C57BL6 tH-2 B} YA EE o]8-3lo]
Fr|HlEe] giaMze] Aol P FIel sl FRlsh

WELR-
AESE Y A
Ao ARE mhe2E 27 C57/BL6 PRE-2A] AE 6-8F

¥, A% 20-25g (Dhbiolink, Eumseong, Korea)g T 3&te] A¢
o AMg-s}12m, vix]= RPMI 1640 (Gibco BRL., Grand Island,
NY, USA) A|EFS AME-3199T). Fetal bovine serum (FBS), SLUJA|
¥ Sigma-Aldrich (St. Louis, MO, USA) oA FdslRom,
LPSE Escherichia coli (serotype 026:B6)°1x E2]7d#] ® #|&F
< Sigma-Aldrichol Xl FSi38te] AREaIGATE v Ate| BRI
=72 ELISA MAX™ Deluxe set kit (BioLegend, San Diego,
CA, USA)S A18-3199.2™, NO= griess reagent (Promega, Madi-
son, WI, USA), H,0, %42 hydrogen peroxide assay kit (Cay-
man Chemical, Ann Arbor, MI, USAYE ARSI 3= =4
< microplate reader (Bio-Rad, Richmond, VA, USA)E A3}
Z4 3Tt

DleA SUCHAMZS| 22| o uhe

HR2 B SAAES Q2] gIske] O, gasHElste] B4
2 wlg-29] 73 5mLe| phosphate buffered saline (PBS, pH
7002 FAF] BARIE Foll T FAMIE ERSAT F
EAIEE 300xgollA 1087 942l § § 10% FBS7h ¥
Tl RPMI 1640 wljA]ol] MEZe] 57} 2x10° cellsymLe] F=5
HEsted 24 well tissue culture plate (Costar, Cambridge, MA,
USAyll 2tzh 1 mLA E5a3leh. E0le Al Zujxel] Lpset =
gABS AEEE7)F 2 pgml# 10 pgmL7t EA 22 Ae)sked]
37°C, 5% CO, Wi¥7191A 6, 24, 48417+ w3t ZoiM=
10 ug/mLe] F=ollA HIGHIEE widsllS W tryptophan blue
A g AZ2ELE UehlA] dou® o] Fx5 AE
=2 3FThH24). uiFst vt 300xgolA 1087 94EE
g & EeElE AESAS Fshe] —70°ColA Hsle] AME-SIIH

o i

O ALOIETIQ! IL-1B, IL-6, IL-12, TNF-o2| &8
k-2 B A A ZRE BH|EE A|EFRR] IL-1, 1L-6,
IL-12, TNF-0& 2}z S350 32 96 well microplatedl] 7}
92 cytokine IL-1B, IL-6, IL-12, TNF-0.2] capture antibodyS
coating bufferdl] 48k & 100 uL #5351 4°ColA] 16-18A]17F
FoF W33t} Capture antibodyS ZH3F 96 well microplate
+ washing buffer (1M phosphate buffer containing 0.5%
Tween 40)2.2 43] washingd ¥ assay diluent 200 pLS £5-3}
of A2oA A7 Bt wRksle] gl o, W & washing
buffer= Al Zjste] AIAE wgl-g 100 uL #5351 2417F &<t vt
S8tttk 28]3 ThA] washing buffer® washingdle] detection
antibodyE 100 pL 5 1A17F F<F ¥ 91, ©]& washing
buffer2 A2 T avidine-horseradish peroxidaseE 100 ul. £5-3}
o] 3087F WS-ttt WhS-S 96 well microplateE washing
buffer® washing3le] tetramethylbenzidine & ¥ ¥ 2087
X8 & stop solution 2N H,80,)& 53t W& AA|8t
o™, optical density:=" microplate readerS ©]-83} 450 nmell

N ERaA

Nitric oxide (NO)Q| =X

k-2 B i A Z2HE] N0 AAS AlZujdd Fo] &
Ask= NO*9] HE|ZA griess reagents ©]-8-3td A3t
96 well platecl] M|Zu]<F 235 50 uL dmf griess reagent (1%
sulfanilamide in 5% phosphoric acid and 1% o-naphthylamide
in H,0) 50 uLo} E3ste] 2o)x 158 5ok whgsigion,
optical density= microplate readerS ©]-8-51 540 nmollX 73}
At

Hydrogen peroxide (H,0,)2 &3

R B oA E2RE H0,0 4482 H,000 ¢J3l ferrous
ions (Fe*"oll Al ferric ions (Fe*") 22| Aksibgol w2} 74313
o} 96 well plated]] AEZu|F 35N 20 uLoll catalase 10 uL<}
HPLC-grade water 10puLE Z}7F E§3t S working reagent
(3,3-bis[N,N-di(carbosymethyl)amino-methyl]-o-cresolsulfonephtha-
lein, sodium saltyS St AoX 1A7F 52t W3S
™, optical density'= microplate readerS ©]-&3}] 595 nmellA =

g3ttt

SAHEN 2N

AFL 33 WHEste] AASHoH, A48 Hd+EFEH
2 JeEPZ, ZF 2 SASHE ZHA = Microsoft excel
program®] Student’s t-testE AME-3F] p Fko] 0.05 WRE oA
FAA fods AESIA
dot d 03
IL-1B, IL-6, IL-12, TNF-a2| A4S

Az o8] EH|EE A|EFR] F IL-1B2 dF27]d
TH|EO] SFHANE] AFe] wi/EA ZE-3h, IL-6= B

=

FHkso 2 e B Yo A AL FAAYI T =39
E3lE fEshkes BoE dEA AUTH25). TNF-o= AEZESYE
A2A T gz 2H83te] T g7 S5 43S =dst
o] SR oA o] Z7HETHR6). 2L IL-12& D3F, T
A E, $AF ML) B EFoNA AREE AR|ETRICZ
HAUES 270l AFAAS M E(Natural killer cell, NK cell)9} T
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Fig. 2. Production of IL-1 cytokine by cordycepin and LPS in
peritoneal macrophages. Macrophages were cultivated with 10 pg/
mL cordycepin and 2 pg/mL LPS for 6, 24, 48 h respectively. Data
are shown as mean+SD. *Significant difference from control
p<0.05.
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Fig. 3. Production of IL-6 cytokine by cordycepin and LPS in
peritoneal macrophages. Macrophages were cultivated with 10 pg/
mL cordycepin and 2 ug/mL LPS for 6, 24, 48 h respectively. Data
are shown as mean+SD. *Significant difference from control
<0.05.

F[F

5]

Y po 283193 interferony (INF-)Q] AJAHS F=38l= Al
4 A8 TTh27).

AbolE7FQl IL-1B, IL-12, IL-6, TNF-qo| E®ZF =3
C57BL6 vl-2= E7yo 2Ry Fed diaM|2d 2 ug/mle] L
£ Agste] AEE AFAI F 10 pgmLe] FUAAS A
RE o BHEE Z7ke] Alo|EFCIS 6, 24, 484]7F B =
sled El5ksd )

I A3} IL-1p9] EH]= LPSoA 17.50+0.00, 188.00+10.66,
263.00+6.36 pg/mLO 2 A|Zke] uwie} FH|Fo] F71el o™, LPS
oF IoMES A MeAS W 18.00+2.12, 190.00+12.02,
321.00£16.26 pgmLE UERfo] LPSE ©Eo2 X25HS 1
Hoh ITAAE A M-S o $7)0l E8lEe] FUkske
AL Rl thFig. 2). IL-62] EH]= LPSOlA 1,292.75+20.76,
1,344.50+18.38, 1,23225+1237 pg/mLe] HH] S el on,
LPS9} ZoMAL A X2]st9S Wl 1,243.50+9.19, 1,228.75=+
11.67, 1,263.50+15.87 pg/mLE WERNO] 6, 24717k LPSHT} B
2 BHE VeSO W 48417 o] F EHERe] FUtshE Ae
golal i th(Fig. 3). 223 IL-12¢] ¥H]E= LPSolA 10.12+0.18,
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Fig. 4. Production of IL-12 cytokine by cordycepin and LPS in
peritoneal macrophages. Macrophages were cultivated with 10 pg/
mL cordycepin and 2 pig/mL LPS for 6, 24, 48 h respectively. Data
are shown as mean+SD. *Significant difference from control
p<0.05.
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Fig. 5. Production of TNF-a cytokine by cordycepin and LPS in
peritoneal macrophages. Macrophages were cultivated with 10 ig/
mL cordycepin and 2 pig/mL LPS for 6, 24, 48 h respectively. Data
are shown as mean+SD. *Significant difference from control
p<0.05.

37.37+0.88, 63+2.83 pg/mLe] 815 UERloH, LPS9} FU
ARSI AEFS W 13.75+0.36, 59.38+0.18, 65.5+£0.00 pg/
mLE LPSET} IZTUAEE A AZetie o =2 RH|HS
UeERN A tHFig. 4). T=38F TNF-a2] EH]= LPSolA 530.88+14.50,
593.38+9.90, 586.25+13 pg/mLe] #HE YERNASH, STiAA
S A AEEINS ) 586.88+11.31, 642.00+£6.89, 607.75+25.28
pgmLoZ LPSTF 2=5319S wf R} =& EHjHe 15
tHFig. 5).

o] AxZ2RY FAYNTL w2~ b giaM 27t LPSel| <]
3 FEE FTuEslA 271 9 Al BT IL-182] ¥
H|go] S718le] 27] 454 A9 e A=
AR E T E3 AdH oA HgHd oz ke tjaMEe}
722 AAHGA Eo|A EH|EE [L-129 TNF-a8} 2 Alo]&

HgHdoz AL §8HOT Fishe Zo= AlRdL 1
Y M Eell 93 IL-69] ¥H]= BEEZFL EA3E A%
e T8 T 9279 A4S fTste AETRICZA F2
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Fig. 6. Production of NO by cordycepin and LPS in peritoneal
macrophages. Macrophages were cultivated with 10 pg/mL
cordycepin and 2 pg/mL LPS for 6, 24, 48 h respectively. Data are
shown as mean+SD. *Significant difference from control p<0.05.
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NO2| AN

NOE= NO synthase (NOS)Oll 2]}l L-arginineol] ©]3ll 34 =H,
AZ W AAFe o8 AN, e 2 ddxdy 2L o
ot AP H Qg gl SR AlE 9 AFoE E43)E
AZ W inducible NOS (NOS)ol| <J3l AAde] Z7t=s talA|
xo] A5 AUs 9TS Bgo =N AN, 4
2L Wo), MRS 53 22 AEEGS fdsle Jow 4
] ATH28-30).

k-2 7o 2 RE FelE tiAA| 2 2 ug/mLe] LPSE A
galo] AEE AFFAZ T 10 pgmLe] ZoAAS Hetde
o] AR EE NOZ nitrateF O =2 6, 24, 4847F S¢F A 819Th
(Fig. 6). 2 A3} LPSE 2|32 0.75+0.00, 1.21+0.09, 1.61
£0.09 pM/mLOZ A7k whe} BujFo] Z7)5l]eh. ZAaS
A 2L wl 1.08+0.09, 1.48+0.09, 1.68+0.00 uM/mL 2]
FHIE Yepfo] 2719 Aol LPS B} &2 EHjEE Uep
Ko, F7lo] FARE EHES etk weba ZoAEe
AE Yol 271 NO9| BAES T7HAA tiaAlze] 5428
< A3} Aoz W 9d dF WS A= e

= AlEHnh

H,0.,2 ¥4
H,0,= Al U A} 28 Foll BAHE free radicale] 3 =
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Fig. 7. Production of H,0, by cordycepin and LPS in peritoneal
macrophages. Macrophages were cultivated with 10 pg/mL
cordycepin and 2 pg/mL LPS for 6, 24, 48 h respectively. Data are
shown as mean+SD. *Significant difference from control p<0.05.
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2 A3} LPSOIA 3.00+0.01, 14.00+0.00, 30.00£0.26 uM/mLO-2
A7k wE EHlEgo] FUlele A RISk e ZoAA
S A AYERS W 10562044, 0.000£0.00, 8.58+2.20 M/
mLO ZA LPSETE 27|AAL oF 31 o] &2 #u|E JEh)
Ao F7lo] 2 FHjgo] Hadte e ]l o A3
A IZYAE ofste] A ME7F LPS A=l ofs) #HE=
H,0,9] o] Z715l wet 27]9 d5ueS SAslsle |y
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£ IYMRY Zgol &l IL-1B, IL-12, TNF-08] G54 AlolE
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