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Abstract

The Effect of Ostrich Extract with Herbs on the
Arthritis Induced by CFA in Ovariectomised Female
Rats

Advised by professor Kyoung-kap Lee
Seung-yong Kim

Department of Veterinary Medicine
Graduate School of Cheju National University
Jeju 690-756, Korea

This study was performed to find out the effect of ostrich extracts with
herbs on the arthritis. First, the ostrich extract composition was analyzed.
In vitro, I examined the anti—inflammatory effect of ostrich extract combined
with herbs in LPS-stimulated murine RAWZ264.7 cell by proinflammatory
cytokines (TNF-a, IL-6) and NO, iINOS concentration. Based on this
experiment, | investigated the effect of ostrich extract (OE), herbs extract
(HE), ostrich extract with herbs (OEH) on the arthritis induced by CFA in

ovariectomised female rats.

The analysis of the composition of the ostrich extract and ostrich extract
with herbs showed that they contained 56 % unsaturated fatty acid and 44
% saturated fatty acid, the saturated/unsaturated ratio being 0.78 and that
no heavy metals such as lead (Pb), arsenic (As), mercury (Hg), cadmium

(Cd) were not detected. Ostrich extract with Herbs significantly inhibited



cytokines (TNF-a, IL-6) by LPS-stimulation, especially at 800 ug/ml
administration group, compared with ostrich extract and herbs extract.
Because of the iNOS inhibition, NO production was significantly low at 200
pg/mé, 400 pg/ml, 800 ug/mb group of the ostrich extract with herbs,

compared with the other two groups.

Since ostrich extract with herbs was administrated, the clinical signs of the
arthritis rats have begun to improve in two weeks and have significantly
improved in four weeks, compared with the other two groups. And the
number of WBC has significantly decreased in 6 weeks. Cholesterol
concentration was increased at ostrich extract group and ostrich extract
with herbs group. HDL concentration was significantly high at OEH group in
two weeks, while LDL concentration was significantly high at OEH, OE, HE
groups in two weeks compared with the control group. In early arthritis,
TNF-a was increased, in OE, HE, OEH groups, TNF-a was significantly low
compared with the control group. Estrogen concentration was significantly
high at OE, HE, OEH groups in two weeks compared with the control group.
The estrogen concentration of OEH group was significantly higher than that

of the other two group.

In conclusion, ostrich extract with herbs inhibited inflammation—-mediated
cytokines production and prevented inflammation by arresting NO synthesis.
Also, OEH improved the clinical signs of arthritis caused by CFA in
ovariectomised famale rat and it was confirmed that OEH was therapeutic

effect on the arthritis because of anti—inflammation.

Key words : Arthritis, Ostrich extract, TNF-a, IL-6, ovariectomised famale
Rat



FrtE 2 A S AAARD A5 AP E oo w e dAAE Ao
oy B4 FFH 5 % #HY Ve ds vedd, #EY 952 synovial
lining®] A7 F2o] o] =™, AFAESL cytokines, B-celld] &35
771, A7 AqEA Baks A=gtt (Sturrock, 2006). W3 wHEW

matrix metalloproteinase (MMP) A4FS Z7HA)7]101 AR ow A4 wys

Oll
o

do7itt (Yoshihara et al, 2000; Vandooren et al, 2004; Schurigt et al,
2005). FutEl= #de AL A, A9, 24, AAFEY AolE "=
el Aoz d#x At (Van den Berg and Bresnihan, 1999). AlAI 4 o=
1~1.5 % Aol HuHE: ¢ om (Khurana and Berney, 2005), H|=Z&
3.5~5.3 %, ¥ 0.1 %o HAEo] HaEI Ity (Wood et al, 1967).

Frlel 2 #E A9 A macrophages= IL-6, IL-1B, TNF-a%} nitric oxide (NO),
prostaglandins (PGE2)¥} 7S o= w7 A& AAste], dZ4 Ad 28 A
=83 9a2 3t} (Paul et al, 1999; Fujiwara and Kobayashi, 2005). 9% uj
MEA Hrpgt AP Frbe 24 #4S (Manzi and Wasko, 2000), &7 3}
% (Libby et al, 2002), 4] (Tak and Firestein, 2001), # % (Coker and

Laurent, 1998)¥} #& we WS Ao i,

oA F 2ROl estrogene] AP M IL-1, [L-6, TNF-a, M-CSF (macrophage
colony stimulating factor)®} & cytokines? AAo] F7l¥ 1, S=ZAE F2]
# 23 = e 2 249 Ve dovt (Harada and Rodan, 2003;
Nanes, 2003). 18]3l IL-12} TNF-a& & JA A3 a<le] v FAld & &
7o T8 Yol #rt (Rahnama et al, 2002; Nanes, 2003; Cutolo et al,
2004). E3] H 7] oAl A estrogen AHL o8] 7FA AF AH cytokine?

A Fukste] BAEAS L oF3lA| 7|22 (Nagamine et al, 2001), =tta3

oll



(Rahnama et al, 2002)& o7t}
Frte s 39 Aae IA A VHHE YE o A e 95 2 55

H2sh A= BdY B9 E Hol ArHew 3

A= FApol| Al o] A oA aAQl of=ms gk JRUHCIe Al A Ak A ARE-St
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A9 A (Non-steroidal anti-inflammatory drug, NSAID)¢]3Z, DMARD (Disese
Modifying Anti-rheumatic Drugs)®} cytokines < A|A| (remidade, infliximab,

etanercept, adalimumab &) &2 ¢FEFEo°] 22ola Ar} (Scallon et al, 2002;

Rannou et al, 2006; Valesini et al, 2007). 4Rt{ oz F35%43), 95 € #4
o] 7le& BAste WEFoE A8A JiEe] o]Fojx gk # LA BE
A8 BI7bseith oleld X EAES AU|te] AA FoASA HW, A, TF
AAA, 7|9, A%, 1 ol FAES dode Aoew deA Ak (Klippel

2000). Wb o5 °ofA
gk AgEo] AP ek

T
-z
)
ofo
o
N
o
ol
o
N
o
)
2
v

u

it
2
2
o,
s
2,
2
=

rob

WepAls oA BEdel AREH= A== 7R Q7MY (Acantopanax
senticosus), ¥% (Polygonatum sibiricum Delar) 5°] i, &5 282 T
(Angelica sinensis), A3 (Fraxinus rhynchopylla) &°] ©]|&%™, XE2&+=
2+ (Pueraria lobata), AA (Cercidiphyllum japonicum Sieb), A& (Cnidium
officinate Makino) 5°] 221t} (Huang, 1993). o]& gt A AES 4

oIt cytokine?! TNF-a, IL-1B9F IL-6 < A4S ATt (Jung et al,
2007).

=
o] FAT mytet AT TAAZER] Bl FHlAHES AT

AT (Kim et al, 2004)7F Ba1% s gt}
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cytokine® & (IL-69 TNF-a) % NO TS ZAEISITE 18a, da
AZ3 o7 FHo CFA (Complete Freund's Adjuvant)® ZAAS A A A
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LPSZ 2}=3F RAW 264.7 A EF A
B} 25 okA| S M) FdSa

Anti—inflammatory Effect of Ostrich Extract combined
with Herbs in LPS-stimulated RAW264.7 cell line



le) =7
Hqe A=
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CRBAE, §30, pAgor TR0 i, g Wzl
g A FFA s L 9% BANZRE Yol 715 Fu k. 3
A% (helez, Aol mE ol A B AEAY W

oA glew, Aoy WL WA AxolA BulEE 98 747 cytokinesol

o3& A o] Foj Xt} (Klaus, 1988).

WE5A2 ¢4 A lipopolysaccaride (LPS)E 13 S A9 AE dto] &4
3™, ®AAE  (macrophage)ZHH ©de 5 TAJMRE 4#F tumor
necrosis factor (TNF-a), interleukin-6 (IL-6), interleukin-18 (IL-1B)¢} #<&
proinflammatory cytokinesE J7FA7]& ZAo=Z dHA S (Scott and
Hancick, 2000; Mangalam et al, 2002; An et al, 2002; Kim et al 2005).
TNF-a¢t &2 o8 7HA 755 7HA£ cytokine A A wdd 9 o
Uzt 95 B¥ Ao A Tdo] F7FH (Groves et al, 1995). FrtE 2~ <
o M= TNF-a¢} [L-6%2 cytokines®] ¥&-S 571t} (Ishii et al, 2003). LPS
2=l oalA TNF-a, IL-1B ¢ 954 cytokinesES A3t (Paul et al,
1999; An et al, 2002; Kim et al, 2005), °o]&< ©Al +919 EA43std AELES
B2 A3}l nitric oxide(NO) 5= AASIE=S st} (Nagy et al, 2007). ©]
2ol AHE cytokines NO&= W B dFREgolA A &S A «

g

-

AV dSHgoNM= HAFe] NO 2 PGE2 59 9352UA7F NO synthase
(NOS) % cyclo-oxygenase (COX)o| <9l AL, o]F NO= NOSZE=
inducible =+ constitutive enzymes®l]l ¢Jsto] WA E = WAl 257|224 (Choi
et al, 1996; Nagy et al, 2007) AU #Hoj7)%s, AN AG7| %, AA=A, A%
9 ggs Ay 7se 7FA A ok (Nathan, 1992; Kim et al, 2005). NOS&



B2 3petd Aol mel 3FFe a4 WrolXal (Gaby et al, 1997), Al 4
oA AEHor &3] wiEe]l Type [ (neuronal NOS)¥ Type I
(endothelial NOS; eNOS)% constitutive NOSZ 7% ™ (Hartmut et al, 1996;
Kleinert et al, 2004), Aoz AKX A XA LPS ¥ cytokine, AlodE54 3
< 553 AFGAE wE He ASovt @#s= Type II (inducible NOS;
INOS)7F At (Stuher et al, 1991; lida et al, 1992; Ryu et al, 2003). °l& <
ol 4 iNOSell 2]3 NO Aol Aoz womn Ak radicale HTA 249

A Hostrg Y| orE T3k 93-S st} (Ohshima and Bartsch,

-/

J

-
1994). AWHS NOJ Y& ATS FolA FHe AAE F0% 48L 3
A, g Al Aol @ AEF NO JHL A5 LA/ v 249 &

A AR Hol 2 A AN 58 oIty (Weisz et al, 1996).

dnbHoz AP dAH T3 FEHOE 2olw 9hAZF NSAIDe| L,
DMARD®} cytokine SJAA 52 fEEo] Aot H|EHA 117} Methotrexate
hydroxychloroquine (MTX)2 t}h2 DMARDS} H-83}o] Al&3st= ooz <A
21t} (Rannou et al, 2006). TNF-a & A4+ remidade, infliximab, etanercept,
adalimumab 5°] Sl=H, o5& dAIF FAA TNF-aE FTIHAAAN A5

AAEt= FS st} (Scallon et al, 2002; Valesini et al, 2007).

shlekAlo = &5 28] A= ASR I (Angelica sinensis), 73
(Fraxinus rhynchopylla) 5°] 3l (Yang et al, 2007), AE28o] Q&= Aoz
2+t (Pueraria lobata), AA (Cercidiphyllum japonicum Sieb), & (Cnidium
officinate. Makino) g°] ol&¥a gloew, Izla #HGd= 771
(Acantopanax senticosus), &7 (Polygonatum sibiricum Delar)%©] ©]8% 31 ¢l
t} (Huang, 1993). o83t HAAEL A= w2 #o3sl= cytokine?l TNF-
a, IL-1B<} IL-69] S A= ez dHA dvt (Jung et al, 2007).

B B o]k kAl tiEo] wEd mybA o)l Wzkare] AT
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Ba7F 9ggom (Kim et al, 2003), €}

Aol ez

&3sto] &3t

=
[}

% 9t (Kim et al, 2004).
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Bz (1 948 $£72)2 =5t g2 W 10 ke? 117] 2 kegoll &8 H7lsle] 30
kgo] FEF 3sle] 110 TollA 72A1%F 7HEe & 45 AWE AA (F 6
kostdr. AFAow wr)et WE AL F=4 (9F 156 0& HwrstH (1207T,
43) Aol A&t (Fig D).

1.2 A FE A=z

12

FHukokAl = MA@ 7V (Acantopanax senticosus), 37 (Angelica sinensis).
W= (Atractylodes ovata DC), 2}eF (Paeonia lactiflora), %7 (Polygonatum
sibiricum Delar), %2} (Robus crataegifolius Bunge), <3} (Carthamus
tinctorius L), %A2 (Rehmanniae Radix Preparata), ARl (Cercidiphyllum
japonicum Sieb), 7 (Cassia Cinnamon), 23 (Pogostemon cablin Benth),
2+ (Pueraria lobata), 3| (Fraxinus rhynchopylla), 3}+S. (Persicaria
perfoliata H), A& (Cnidium officinate Makino), 7] (Astragalus
membranaceus Bunge), 7|2+ (Lycium chinenserubus), *+* (Morus alba L),
VX (Artemisia capillaris), 3% (Poria cocos), *YA} (Crataegus pinnatifida
Bunge)+= Z+7z} 50 g®, "ol (Hordeum vulgare), % (Eucommia ulmoides),
87y (Zingiber officinale Rose), W3 (Zizyphus jujuba miller var), %%
(Glycyrrhiza uralensis)® ZFZF 100 g¥< Y1 & 5 (S H7lste] 1 Al7Fset
7tdatdlth. HF F=d0] 5 ¢F HAs W, By (120C, 43)& AAH 2
AH-8-&F A .
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Ostrich extract Korean herbs extract

| 2
‘ Bone : meat=10 kg : 2 kg ‘ ‘Mixing : 26 species herbs‘
4
‘ Add water : 18 liter ‘ ‘ Add water : 5 liter ‘
4
‘Extraction (110 C for 72 h)‘ ‘Extraction (110TC for 1 h)‘
4
‘ Remove fat (1/5 Volume) ‘ ‘ Concentration ‘
4 4
Concentration Pasteurization
(1/2 total volume) (120C for 4 min)
$ . 4
Pasteurization PRODUCT(concentrated to
(120C for 4 min) 5 ()
4
PRODUCT(concentrated to
15 0)
Ostrich & Herbs
extract
| 2
Mixing (15:1)
4
Boiling (15) (110T for 3 h)
4
Pasteurization | (120C for 4 min)
&
PRODUCT

Fig 1. Flow diagram for ostrich extract combined with Korean herbs
medicine
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2. AEF vk @ A<k

AZ2pFo 3t A= a3E H U7 9804 murine macrophage cell linel
RAW 264.7 MX5%E Korean Cell Line Bank (KCLB)Z%F #&%4%o} 100 unit/
m¢ penicillin-streptomycin® 10% fetal bovine serum (FBS)e| 3%f-¥ DMEM
HiA| & AREste] 37T, 5% COp &==7]olA vjefation, 3o HHA Al wj <k
ST 95 A=S 9% lipopolysaccharide (LPS; E. coli serotype 0111:B4)&
Sigma (St Louis MO, USA)Z HH T3t g A&3F3I .

3. Proinflammatory cytokines®] A4 % A&k

RAW 264.7 AM¥Z DMEM A S o]&3a}o] 4.0x10° cells/mE Z43F F 24
well plated] F53tal, 5% COs 27]o A 18A|1%F v &3ttt o] 5 wixE A A
i 7t AR =4S f8 548 JEhdA &e Hd sE<l 800 pe/mb 1
g 1/22 400 pg/mé, 200 pg/mlT} LPS HFTE% (1 pg/m)=ES -3 A2 uj
A5 FA Agste] A ity 5 F@stelA vttt 6417 & ulg HiX]

YAFE (12,000 rpm, 3)3te] A5 HE w28ttt (An et al, 2002). Lo

i

A A=do A TNF-a ¥ IL-6 AZHES murine enzyme-linked immunosorbent

assay (ELISA) kit (R&D system, Inc, USA)S o] &3t A=ZslSTt,
4. RNA 9

RAW 264.7 A% (8.0x10° cells/m)E 1841t vlFslar 10] F== ZAE A
FoFE LPS (HATEE lug/m)E A AHEste] AlzHd

S TRI-reagent (MRC, Cincinnati, OH, USA)Z o]-&3s}o] HEg]sF ). A3
TRI-reagentE #H7}sle] #2A3}sk & chloroformeS #H7}sle] JAEE &}
dedoll F#e isopropanole F7bete]l d4lie] AA RNAE A7, 80%

22 A & AxAlA DEPC (Diethyl pyrocarbonate) * @3t FHSol] &

e
o

01)11

o

(.
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5}1*]29\‘4. 260 nm2] %%EﬂAﬂ %Xé{g}o;] RNAS ;é%ké_]_}i
1.7~1.9 Wl el @& zke= RNAE A ARgsiglrh. e 232 RNase

freedt Z713}o A A AT}
5. RT-PCR

cDNA 44 Improm-I"™ cDNA kit (Promega, USA)E o]&3te], 1 ug?]
total RNAZE oligo(dT)1s primer, dNTP (0.5 pM), 1 unit RNase inhibitor 12|31
M-MuLV reverse transcriptase (2 U)& 70TColA 5&, 25Co|A 58, 37TCA
60%, 283 70TCelA 1562 7F¥E3ste] HESAIZ T Polymerase chain reaction
(PCR)E 2 0 cDNA, 4 pM® Z+ primer, 10X buffer (10 mM Tris—-HCl, pH
8.3, 50 mM KCI, 0.1% Triton X-100), 250 yM dNTP, 25 mM MgCly, 1 unit
Taq polymerase (Promega, WI, USA)E =3}, B¢ SHITZ HF 256 W=

2 }L2 Perkin-Elmer Thermal CyclerZ ©]&3t9 PCRES AA|dt9t) o]
PCR 2718 94°C/45%, 55~58C/45%, 72°C/60% 303]°]H, PCRY| 935le] ==

¥ AHELS ethidium bromide 3+ 1.2% agarose geldlA 719 5S AA|ste] 2zt
primer (TNF-q, IL-6, iNOS)o| %= band I7]E <15ttt (Kim et al, 2007)
(Table 1).

_12_



Table 1. The sequences of primers and fragment sizes of the investigated
genes in RT-PCR analysis (Kim et al, 2007)

. Fragment
Gene Primer sequences (5'—3") .
size (bp)
F 5'-TTGACCTCAGCGCTGAGTTG-3'
TNF-a 364
R 5'-CCTGTAGCCCACGTCGTAGC-3'
16 F 5'-GTACTCCAGAAGACCAGAGG-3' 308
R 5'-TGCTGGTGACAACCACGGCC-3'
NOS F 5'-CCCTTCCGAAGTTTCTGGCAGCAGC-3' 196
' R 5'-GGCTGTCAGAGCCTCGTGGCTTTGG-3'
. F 5'-GTGGGCCGCCCTAGGCACCAG-3'
B-actin 603
R 5'-GGAGGAAGAGGATGCGGCAGT-3'

6. Nitric oxide assay

RAW 264.7 A3 th8}e] DMEM WA S o] &3} 1.7 X 10° cells/mz %23
% 24 well plateo] HF3taL, AlFE43 LPS (1 pg/m)E 33k A2 v A
ZAo A ste] 24A17F vkt AAE NOY %S Griess A 9FS o] &3}

AN AEHF Fo| EAGE NOy S FEE SHSA AZHE F5 100

rol

il

W GriessAl9F [1 % (w/v) sulfanilamide, 0.1 % (w/v) naphylethylenediamine
in 2.5 % (v/v) phosphoric acid] 100 ptE =33t 96 well platesellA 10 -5
oF Wk-S-AIZ1 & ELISA reader (Diareader ELX 800G, USA)E ©]&3}4] 540 nm
ol FFEE F543IUtt (Green et al, 1982). XTs% A2 sodium nitrite

(NaNO2)E serial dilutiondte] ATt (1-100 uM).

7. A4 A

SAS ZEIHS olgste] TAdTW ol wE WHE B d FFFel it

7 oL BAEA (ANOVA)C R AZdRon, 1% 5% oA

_13_



7

Z4, vk

0.01¢} 2.53 %, 5.60% 6.78 %, 0.05¢ 0.02 % ATt

} 9.607 14.60 mg/100g, 11.20¥} 16.24 mg/100g, 1026.4%}

2493.2 ppb, 24.50% 38.17 mg/100g 183 99.67 93.0 ppb ¥ o, I (Pb),

w (Cd#

I

H] 2 (AS), 2 (He), 7}

A

ST,

55.27% 5542 %

712}

o
Hpake

B3t

44,43 %P o™

Al

=0

ol

Nd

H

g}

0.78,

o] 0.80 °]Ut} (Table 2). 18]aL €}

2

palmitic acid, stearic acid, oleic acid, linoleic

7yzy 24.06% 23.81 %, 6.259F 4.30 %, 34.35¢F 31.11 % 181

9.849} 15.64 % At} (Table 2).

acid=4]
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Table 2. Analysis of ingredient for the ostrich extract and ostrich extract
combined with herbs

Ingredients OE OEH
Saturated

C 6:0 Caproic acid ND 5.39

C 8:0 Caprylic acid 1.14 0.68

C10:0 Capric acid 0.19 0.22

C12:0 Lauric acid 0.68 2.12

C13:0 Tridecanoic acid 6.54 4.94

C14:0 Myristic acid 2.30 1.47

C15:0 Pentadecanoic acid 0.63 0.28

C16:0 Palmitic acid 24.06 23.81

C17:0 Magaric acid 0.35 0.26

Fatty acid C18:0 Stearig ‘acid' 6.25 4.30
C20:0 Arachidic acid 0.17 0.10

(%) C21:0 Heneicosanoic acid 0.42 0.56

C22:0 Behenic acid ND 0.12

Unsaturated

C16:1 Palmitoleic acid 7.15 6.32

C14:1 Myristoleic acid 0.14 0.24

C18:1 Oleic acid 34.35 31.11

C18:2n6 Linoleic acid 9.84 15.64

C18:3n3 Linolenic acid 3.23 1.60

C20:1 Eicosenoic acid 0.71 0.28

C22:1 Eruic acid 0.39 0.18

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, ek DN/ /) oy f 023

Total saturated fatty acid 43.17 44.43

Total unsaturated fatty acid 556.27 55.42
Saturated / Unsaturated fatty acid ratio 0.78 0.80

Water (%) 94.34 90.67
Carbohydrate (%) 0.01 2.53
Crude protein (%) 5.60 6.78
Crude fat (%) 0.05 0.02
Ca (mg/100g) 9.60 14.60
Mg (mg/100g) 11.20 16.24
Phosphorus (P)(mg/100g) 24.50 38.17

Iron (Fe) (ppb) 1026.4 2493.2
Selenium (Se) (ppb) 99.6 93.0
Lead (Pb) ND ND
Arsenic (As) ND ND
Mercury (Hg) ND ND
Cadmium (Cd) ND ND

OE : ostrich extract, OEH : ostrich extract with herbs
* ND : not detected

_15_



2. Pro—inflammatory cytokines (TNF-qa, 1L-6)2] 3}

RAW 264.7 celll LPS (1 pg/mh)2 A=F3le] A5 #d TNF-a9t IL-6
pro-inflammatory cytokine A& -G53+ Ao, A3 ALL3 z}7te] F&
M T AHEslglS "ol w3t cytokine Aol FEFS HolA] gkrom A
¥ 545 YeEhl A gtk LPS A=3 9A 747e] FERE SAd AYsiie
W, BtxFE 800 pg/me, BFERIHTFAIFZ] 200, 400, 800 pg/ml Foisrol
LPS w5 Aol Hla} TNF-a Ade]l Fo4 Al A=A (P<0.05), °lF
Bl kA =E9 4007 800 pg/mb Folwtol ThE el MM oA A
TNF-a Aol AAFEAT} (P<0.01) (Fig 2). IL-6 A= TNF-a9} o] e}
=9 800 pg/ml, EFRFEAF=EA 200, 400, 800 ug/ml FolTollA LPS
Aol Bl o)A A AU (P<0.01) (Fig 3).

=

=

L=,
=

*=
o
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140

120
2 100
2
g 80
2
g 60
v
B 40 |
&
20
0
LPS (1 ro/nl) . + + + + + + + + + +
ostich(eom)  _ . 200 400 880 200 400 800 200 400 800
OE HE OEH

Fig 2. Effects of ostrich (Struthio camelus) extracts on the
production of TNF-a in LPS-stimulated RAW 264.7 cells.

RAW 264.7 cells (4.0X10° cell/m¢) were stimulated with LPS (1
wg/ml) in the presence of sample for 24 hrs. The production of
TNF-a was determined by ELISA methods. The data represent
the mean®SD of duplicate experiments.

Asterisks indicate significance for change from only LPS
stimulation group: * P<0.05; *x P<0.01.

OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs
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200
180
160
140 *
120
100
80
60 r
40
20 r

IL-6 production (pg/nk)

LPS (1 so/al) . + + + + + v + + + +

ortich (malnd) - s 200 400 800 200 400 s00 200 400 800

OE HE OEH

Fig 3. Effects of ostrich (Struthio camelus) extracts on the
production of IL-6 in LPS-stimulated RAW 264.7 cells.

RAW 264.7 cells (4.0X10° cell/m¢) were stimulated with LPS (1
wg/ml) in the presence of sample for 24 hrs. The production of
I[L-6 was determined by ELISA methods. The data represent
the mean®SD of duplicate experiments.

Asterisks indicate significance for change from only LPS
stimulation group: * P<0.05; *x P<0.01.

OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs
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3. Pro-inflammatory cytokines (TNF-a, IL.-6) mRNA =& o] W3}

TNF-a, IL-6 cytokines XA °JAZ mRNA FFolA dolr ] s RAW
264.7 cells 8.0x10° cells/mld] LPSS} 7+ A &Z 38 AHzlste 2z} cytokine
mRNA Z&o] e g4 a3E FAEE 23, TNF-a mRNA 28 gz3:E9)

W oAl FE e AATEG BRI AFE A AATAN Hade HERS]

om, Bt FAFEN 800 pg/mé Fowol thE ol H]EA] TNF-a mRNA
o] Akl oAl = A

ol
At (Fig 4). IL-6 mRNA 2& =3l gf2FE N shikokA]
=
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OE HE OEH

LPS (1 rg/ut) - + + + + + + + + + +
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e e —————————

120 r
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G50

40 |
EU-H
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Fig 4. Effects of ostrich (Struthio camelus) extracts on the
mRNA expression of TNF-a in LPS-stimulated RAW 264.7
cells.

RAW 264.7 cells (8.0X10° cell/m¢) were stimulated with LPS (1
pg/ml) in the presence of sample for 18 hrs. The mRNA

Dretusity ratio (% of contral)

expression of TNF-a was determined by RT-PCR.
OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs
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Fig 5. Effects of ostrich (Struthio camelus) extracts on the
mRNA expression of IL-6 in LPS-stimulated RAW 264.7 cells.
RAW 264.7 cells (8.0X10° cell/m¢) were stimulated with LPS (1
pg/ml) in the presence of sample for 18 hrs. The mRNA
expression of IL-6 was determined by RT-PCR.

OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs.
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4. iNOS mRNA & ] W3}

RAW 264.7 cell (8.0<10° cells/m0)oll thale] LPS (1 pg/m)Z #F=3ke] iNOS

e frEdtd 4 FE299 FEo] WE mRNA BdFEE RT-PCRE XA

A7 LPSOl| 934 INOSw= S7tehsith BfxFE9 Fofato] vla)] oA F=

of Foire]l o HAAHUL, BEFYAFEN FoAL T 400 pg/mt2 800 peg/ml
[eg]

Folre] thE el H)sked mRNA @do] HAaE At (Fig 6).

o

OE HE OEH
LPS (1 zg/nt) - + + + + + + + + + +
aiglich (raint) : : 200 400 00 200 400 200 200 400 800

LIN[ B 496 bhp

Density ratio (% of control)
5 2 = 2

(]

Fig 6. Effects of ostrich (Struthio camelus) extracts on the
mRNA expression of iNOS in LPS-stimulated RAW 264.7 cells.
RAW 264.7 cells (8.0X10° cell/m¢) were stimulated with LPS (1
rg/ml) in the presence of sample for 18 hrs. The mRNA
expression of INOS was determined by RT-PCR.

OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs.
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5. Nitric oxide (NO) 23A]e] W3}

AT ol T8% JTE = NO AAAME LPS @ Fojtola AYA
TEE 10022 39S W, BRFEAY FHAFEN FoTdAs zolE
Holz gkgrov} grx:IhFekAFEY 200 pg/mb Folo (P<0.05), 400 pug/ml
Folat (P<0.05), 800 ug/ml Folit (P<O.0DNA frodom e wAs Bt
(Fig 7). Cell viability 9A] E}ZEFA|FEF Foto] 2y o 9
HElA 10% AX (200, 400, 800 wg/ml FoltolAd zkzb 9.5, 11.4, 10.1 %)
=7 vebsteh (Fig 7).
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[ NO production —+— cell viabllity

Cell viability (% of contml)
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=
g 120.0 100.0
100.0
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.g €0.0
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o) ,
20.0 4 200
0.0 0.0
LPS (1 gmt) - + + + + + + . . + +
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OE HE OEH

Fig 7. Effects of ostrich (Struthio camelus) extracts on the
production of nitric oxide in LPS-stimulated RAW 264.7 cells.
RAW 264.7 cells (1.7X10° cell/m) were stimulated with LPS(14ug
/m¢) in the presence of sample for 24hrs. The cell viability was
determined wusing MTT method. The data represent the
mean*SD of duplicate experiments.

Asterisks indicate significance for change from only LPS
stimulation group: * P<0.05; ** P<0.01.

OE: ostrich extract, HE: herbs extract, OEH: ostrich extract
with herbs
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#Fe 222+1.13 %2 A (20.4£0.77
Pt AW (20.1£0.85 )R} Fi, FY2HELS 33.843.70 mg/100g= A
(36.6+4.30 mg/100g)t+ A= (50.1

Aol v o] 0.07+0.13%% 4 (0.18+£0.19 %)} AW X (0.2240.22 %)l 13|
A gt} (Paleari et al, 1998). Btx59 AAE Ao 50.841.9 %7t =33}
Aatola, 48.0+£1.9 %7} E3pAWato 7 LN spx|Ale]  tfd E 3R]
Hgo] 0.9+0.4 oln, A (1.0£0.49)9F HW=x (1.1+0.4) =Rt} Sy 33
(Paleari et al, 1998). o|#3t E3X3}X|"AE  (polyunsaturated fatty acid;
PUFA)2 AW cholesterol® &S w30l Fil 35 AES ot Ao R

A A YHKim et al, 2003; Kim et al, 2004) & 23 oA ©elxZFz=ZA1}
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LPS+ macrophages ZA3MAA v&s 95 "i70 cytokines (TNF-a, IL-6
IL-18 &) A olgfst &5 w7l 222 AX=e] phospholipase A2
g4 3}A)#A  arachidonic acidE prostaglandin®. & HSA|AA, NOZ
Atk &klth (Kim et al, 2005). ¥ A A% macophage A9 RAW
264.7 AXFo] LPS A=Fo= P35 w7l cytokineso] FAstEE A
gttt B oA TR FoAdoA HE F ol Hld] FoH R olE
A< w7l cytokineso] HAEJIL(Kim et al, 2003), 800 wug/ml Folto| A=
ZtA AAHAT. olH g A gk FEA e o] 7HA] AETe Bol

A= n-3¢ n-6A414 A Wike] FAAAA ofe] dF5HHA cytokines (TNF-a,
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314 murine
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avs

macrophage cell line€l RAW 264.7 AXFol LPS

el

A3}

}

9
pl

TNF-aq,
[e) }‘/\]_ 5

=

inducible nitric oxide synthase (iINOS) &3} NO A

=i}
=

IL-6

%
W
o

ful

ol
N

ojp

stlom, 800 pg/miol

[¢

d= AA

et

5
800 pg/ml Fofro] thE Fofatel] M

on

=

=
=

b 43.173 44.43 % 3

2
JoFAl 5

F 0.783 0.80 At} i (Pb), HlA& (AS), 2 (Hg),
H

T

)
il

3 3}

1)
S

1At (P<0.01).

Aol A Bk

A

3]
%)

wf 7} cytokines (TNF-a, IL-6)3 mRNA
A

iINOS &
s 7Hd Sek

55.27% 55.42 % o.H,
e}

o =
=
3.

=N 200 pg/ml, 400 pg/mé, 800 pg/mé Foltoll A t}
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1=
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vdE =

A 10% Fx= (200, 400, 800 ug/me
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The effect of Ostrich Extract with Herbs on the
Arthritis Induced by CFA in Ovariectomised Female
Rats
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ASMES cytokines, B-cell o A4S doAAN ArtdAd A s
A=3kt}  (Sturrock, 2006). 9Fo] Jd+= HEL metalloproteinese?] AAHS
7N 713 o1 A¥ A-A 95 FZA70 (Yoshihara et al, 2000; Vandooren
et al, 2004; Schurigt et al, 2005). &9 TAHEL 4, 72, 873, 8L
zlol2 Y24 yeyes Aoer d4#Hx Qo (Van den Berg and Bresnihan,
1999), AAIA o2 1~1.5% YAE&S VeI (Khurana R and Berney, 2005),
"3 3.5~53%, 4B 0.1% TAHE Ao HuHo Ytk (Wood et al,
1967).

Estrogen®] ZA3%W IL-1, [L-6, TNF-a, M-CSF (macrophage colony
stimulating factor)®} @2 cytokines®] X F7F JZA xS S243 &3 T F
Fob F 2o T7HE dot (Harada er al, 2003). IL-13 TNF-av & 4
A aglel wm Al & F4o F8 ¥9o] vt (Rahnama et al, 2002;
Cutolo et al, 2002). 53] #H7d7] oA estrogen ZH2> o8 7H4] |5 #HA
cytokine® AAAS FEste #HEAS ¢ osir7]2 (Nagamine et al, 2001),
FA)o Zt¥% (Rahnama et al, 2002)S 4o 71t} &3l 3A13l%H macrophage
i IL-1B, IL-6, TNF-a% NO, PGE2¥} #2 v& A5 v/l 245 YA,
A AWolA Fag 9as grh (Paul et al, 1999; Cutolo et al, 2004;
Fujiwara and Kobayashi, 2005). =3t 95 wi7l&d 9] It AL FrlE] 24
#4499 (Manzi and Wasko, 2000), %74 3stZ5 (Libby et al, 2002), 4] (Tak

and Firestein, 2001) ¥ A% (Coker and Laurent, 1998)3 7o #AHS <

o7t}

_29_



Attt (Ellis et al, 1994). 18 o5 FEEL A7|7 A1 A5 A =
g, A TFAEA Ay 2 AAG 49 T A B8-S yERIY (Klippel,
2000; Cho et al, 2000). o8& F-2h-&& HAs)sl7] s HE kA ALS
wo] kAol et Atk Fabs] Ay )

rot

HE ok A E Fo A A F Aol 39 (Angelica sinensis), N3] (Fraxinus

rhynchopylla) %°] o|&%H, RNFAgo|= ZA<t (Pueraria Iobata), AA

2

(Cercidiphyllum japonicum Sieb), % (Cnidium officinate Makino) %]
ol g5 1, AR = 7MA L7t (Acantopanax senticosus), 37 (Polygonatum
sibiricum Delar) s°] ©]&%¥ i v} (Huang, 1993). olgigt SLAAES A5
Hkgo] #3tE cytokineQl TNF-a, IL-1B8} IL-69] BAS JAANAAN FAF

8¢ Vet st

Bzol tfd ATE ob4 BFAAW A2 Ehro BEsh AWis TEE| g
gafol maAolehs wut AROM (Kim ef al, 2003), B

ofN

= = %‘%—1
ol FdF Aot dF FAAE Eg=gAdgel=st FH2H = BN E

=
K
H
x2
—Q‘ Fol'

(Kim et al, 2004).

o] Adge A HAAA PAE HEF3I F CFA (Complete Freund's
o shIekA|FE g
7, wET, FAAAAE, dF

TNF-a % estradiol %55 =435I}

_30_



o}7 6~85% Sprague Dawley (Charles River Technology, Korea)& #4w+

of Aol AFEEIATE FES AMFS & 2342 T, AUFE 60£10 %, WA
12X Ao wm ATt WAdFTIE FAEY. VIERARSS A
polycarbonate AFS Abzbel] 4npg]® =831, 2 FEE 113AS (Rat and
mouse 18%, Pmi Nutrition International, USA)$} £S5 A+ §93t=F sh3ith

A9d A= Ht AFS 195+15 g ol

e

&

449

4 AEeS AdlA vHE e ArkEE atropine (H9-9FF3 ¢, =) 0.1mg/ke
S I5FAF 108 & ketamine (AEEF, @8, k=) 60 mg/kg@ xylazine
(Rumpun, @ulo]d=zgle}l, 3=) 10 mg/kes T3] <8  FAEAG

(Carpenter, 2005). ¢4 A& W5 ATAS AMReta &5 % ¢F 2 cm

4-0 silk (4-0, ¥4k, st =2 A&sto] A AT, YA = ampicillin (] =8,
@ulold F o}, sk=r) 20 mg/kgs 33U L5 TASA T
2.2 #dA
HYAAEES AAS 7d 3 #4E 2SS YA 0.1me] Complete Freund's

Adjuvant (CFA; Mycobacterium tuberculosis Sigma, USA)S 2 E£Z Zx| dul
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12t} (Table 3).
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Table 3. The criteria for scoring of clinical sings in arthritis rats

Clinical signs

Grade

No signs and mild redness

mild swelling, pain and redness, stand on the straw

2

pain and severe redness, can't stand on the straw
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Alm AFH B HA

#Hdd FE F F=9 Fo A, Fo F 25, 45 222 65 4 9 5vke
A ether Wt stol]l Zj&etar zkzh 554 s|Alsto] S Wol A 5 ml At
g2 FsaA (EDTA-3K)7F e FEA 1 m yHx= 9% 298
vacutainer tubedl 538} on, dol S35 &gk & 3,000 rpm 1023+ ¥4
wEstel @He kel AAF A7bA -72 Tol Bt WEF (WBO)F+=
Coulter counter (Vet ABC, France)& °]-&3}o] S35}t

M

{

9% 22o2HE $EE AEEAYE T-CHO-La 288 A9 (@olaer,
sk o2 5113, HDL  (high density lipoprotein), LDL (low density
lipoprotein)< Als417]8 HDL-CHO, LDL-CHO =748 Ak (BolilkAl ek, 3+
Hoz HYom, 24 ATRATE ok Ca Ao} (RolEAIS, B3 o) 3

o] JANzFE 41| (Express 550/Plus wet type, Chiron, USA)E =4 3}% ).
7. TNF-a =%

Zy oA A 7EE Qg3 A TNF-a %2 anti-rat TNF-a 7} Z€ 3
enzyme-linked immunosorbent assay (ELISA) kit (GE Healthcare,
Buckinghamshire, UK)E o|-&3lo] A3 th. TNF-a A#EHS 93 x5 249
WA AS A2 (y=0.0006x+0.2792)3te] 7z} A]7]® TNF-a =52 A2kskgl o).

8. Estradiol &%=
7+ ol dAHUW  estradiol AFS  Coat-A-count® Estradiol RIA kit

(Diagnostic Production Corporation, Los Angeles, USA)E o]&3slo] A 3s}S]
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(P<0.01) (Fig 8).
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Fig 8. Estimation of clinical signs according to administration of
ostrich (Struthio camelus) extracts with herbs on the arthritis
induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: * P<0.05; *x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group
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2. 99

£

CE]

HANHA A A5 e e N 75s 72 FE59 Fo &
GO AdA FAHEAT (P<O.05), 654 = e A oA o
A okl (P<0.01) (Table 4).

Table 4. The changes of white blood cell according to administration of

ostrich (Struthio camelus) extracts with herbs on the arthritis induced by

CFA in ovariectomised female rats (x10%/)

Group

OE HE OEH CON

Week

0 7.8%£0.71% 6.4%£0.20 6.1+0.23 6.310.19

2 6.410.22* 6.3%£0.30* 6.5£0.11% 7.010.25

4 6.41+0.24+* 6.6+0.23* 6.5%£0.12% 7.4+0.30

6 6.2%0.46+** 6.1£0.20%%* 6.4£0.30%** 9.0£0.30

Asterisks indicate significance for change from control group within same
week: * P<0.05; ** P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich extract
with herbs group, CON: control group

3. €% TAAAN o] W3t

3.1 Cholesterol®] W3}

|

7} A9 cholesterol %= W37t A9, 4540 = 2= 138+5.9
mg/deo] WIS Al o] R FolAd Al FAskglh (P<0.01). 2Ea 6F A=
)zt H|3) Ex2FEN Fojito]l 117+17.2 mg/dlZ S0 R o £33 1}

BRI glth (P<0.05) (Fig 9).
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Fig 9. The changes of cholesterol concentration according to
administration of ostrich (Struthio camelus) extracts with herbs on the
arthritis induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: * P<0.05; *x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group

3.2 HDL¢] W3}

d%F HDL =t BERIYFAFTE= Fofo] 254 69.6£11 mg/dlez HE
ol vel oA Al Ekow (P<0.05), 4F Aol thxt 79+8.3 mg/deel vl s

= Fol Al Lol 744 A AT (P<0.0D), 654 EE F= Folrol
Zatoll ]3] vebgidl o oS flolth (Fig 10)

ol
e

[e]
T
=
N

%
o

M

o

o
- T

_38_



100 rmoE
90 rBEHE
go  EOEH
70 | ECON

mg/d |

50

0 9 4 g Week

Fig 10. The changes of HDL concentration according to administration
of ostrich (Struthio camelus) extracts with Herbs on the arthritis
induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: * P<0.05; #x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group

3.3 LDLe] W3}
d% DL S5+ 234 Uz 21.245.54 wg/dee] wHlE FEH
e 1

-
=
oA foAd Al =% (P<0.0D), 6574 g oAl FEd Foldo]

15+11.3 mg/de o2 & 7o 3] 2 FFolgott AL gl (Fig 11).
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Fig 11. The changes of LDL concentration according to
administration of ostrich (Struthio camelus) extracts with herbs on
the arthritis induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: #x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group

z F F29 %ol 0FA gzl w8 e F
ol frolA QU EgEaL (P<O.0D), 4%A] bl FE ] Folito] o)z

o]
w ko vls el A Wy (P<0.01) (Fig 12).
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Fig 12. The changes of -calcium concentration according to
administration of ostrich (Struthio camelus) extracts with herbs on the
arthritis induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: #x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich

extract with herbs group, CON: control group
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Fig 13. The changes of TNF-a concentration according to
administration of ostrich (Struthio camelus) extracts with herbs on the
arthritis induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: * P<0.05, ** P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group

5. Estradiol ¥%¢] ¥ 3}
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222l estradiol® BtEFE Y FofwolA 257ANH izl wle #2o4
& FAser (P<0.0D), BRI AFE Folie 6574

=5 YEeRATE (P<0.01) (Fig 14).
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Fig 14. The changes of estradiol concentration according to
administration of ostrich (Struthio camelus) extracts with herbs on the
arthritis induced by CFA in ovariectomised female rats.

Asterisks indicate significance for change from control group within
same week: *x P<0.01.

OE: ostrich extract group, HE: herbs extract group, OEH: ostrich
extract with herbs group, CON: control group
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B 23 x4k (PUFA ; polyunsaturated fatty acid)S A= dby s
AAsta Futel =4 #E99 (Ruxton et al, 2004)7 AYA A4
AW, olEnA] IR, 9FAAM (psoriasis), FHFAAIA, oz AW
APL = Folg xukator od#x 9t (Mantzioris et al, 2000; Tapiero
et al, 2002). 18]3 %S9  PUFAx AW triglyceride®t cholesterol?]
FFs w3 Fra &t (Kim et al, 2004). Eg 5 &l PUFA
(n-3, n-6)+ arachidonioc acidZ2%E PGE2EAS IAAAAN Fd= ZgS
Yeldttar &9 th (Kruger and Horrobin, 1997). EFESA T4 A&l
FH 2832 EFE 33.8+£3.70 mg/100go2 4 (36.6+4.30 mg/100g)+ W=
(50.1£4.10 mg/100g) Bt} vrow PUFAC H]a] E3x|ate] gako] ygttin
3t (Paleari et al, 1998). £ AdoA dF FAAZF cholesterol %
27 = XA FEY FoATolA F3hon, 65 HEFEY FofrdA
of o] 25 AFEH & ol Hls|
o] tE Folt Huh ugkth
TNF-a7} Z7bgel w2k HDL¥ ZdXHE2 S7istal LDLL: #H2dts
AGtAgGe} FAFSE 235 YEFHATE (Allanore et al, 2006). 24 F=% HEFT
DA}, parathyroid &2, ZHFAF o] #olst=d (Oelzner et al, 1998),
=
S YRS
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et 4 glvka sttt (Jung et al, 2007). ¥ AAo)A thxa¢] TNF-a=
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TNF-a= @504 83 miAA=A, WAL 22 dAdSNA
A7bAGoldo g #Hosta vk. TNF-a&=  =Zta3d ded A,
atherogenesis® <U¢lo] =i glom, I TNF-aE H7Ad w2 A2 A
AeHeoz FAH 9Is Foar dvkar stNanes, 2003). b= AL
HoJ sl Qlx}F 2 A parathyroid hormone, vitamin D, TNF-q, interleukin-1 %©]

Atk 2 AdelM BRI AFEE Foue] TNF-a7b 9 HEse= A2
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(o3
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Rahnama et al 2002). 2 AFoA ElxFEF FoTodA 257AFH =T

3 94 Al =& Fes FAsen (P<0.01), BEIWA F=9
FoATe 6FA iz H& FoAd JA =X (P<0.0D). old A=
T estrogen EZo] ElxFE e xFH o] BEAe JHe azE Yed
Aoz AlgHt}, o] AdoA estrogen?d 71t TNF-a #AayE A=A
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