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Anti-Inflammatory and Antioxidant Effects of Clam Worm Extract in
Macrophage RAW264.7 Cells
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IDepartment of Dental Pharmacology, School of Dentistry, Chonbuk National University, Jeon-Ju 561-756, Korea
’ Institue of Marine Industry, College of Marine Science, Gyeongsang National University, Tongyeong, Gyeongnam 650-160, Korea

Abstract — Earth worm (Eisenia andrei) and clam worm (Perinereis linea) have been used as anti-bacterial and anti-inflam-
matory agent. However, it is unclear how they exerted their physiological effects in macrophages. In this experiment, the anti-
inflammatory and antioxidant effects of clam worm extract (CWE) and earth worm extract (EWE) in RAW264.7 cells were
examined by measuring MDA, catalase, SOD, GSH-Px and inflammatory cytokines (nitric oxide, iNOS, interleukin-1(3 and
tumor necrosis factor-a). Treatment with CWE significantly increased the activities of catalase, SOD and GSH-Px in
RAW264.7 cells and decreased the level of MDA. Interestingly, treatment with CWE induced more activities of SOD than
EWE. In addition, CWE decreased NO production, iNOS, COX-2, TNF-o and IL-1 in RAW264.7. The EWE also decreased
NO production and iNOS, but increased COX-2 and IL-1p suggesting that CWE could be better resources for anti-inflam-
matory and antioxidant agent than EWE. Taken together, these results indicate that CWE has the potential as a natural anti-
oxidant and a therapeutic for inflammation-related diseases.

Key words — Earth worm, Clam worm, Anti-inflammation, Antioxidant
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Aok = AFQAbe] YAk FulEl A B, A
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E329l PGE2(prostaglandin E2) A4S Zvfshs G424
INOSS} WRZ A 2 fd5ihgol Fash 9 g} B3t
Lpsell o gk th2A| o] &4 Al IL-1p B TNF-08 2
AE A} 58 AAreA Dok A ) Akshikg 2 S
of A== SNAE2 AW st a 4 (Superoxide
dismutase, catalase, glutathione peroxidase)oll ]3| A| A =]
Y 012 233t ko] S (Reactive oxygen species;
ROS)S.=E 1%t 4ksh2| 2E# A7} 3pilstadol o) 7Ha
Hot H2 Aol o Aol gdakago] dHEo]
. By H%em,” Miesel” 52 nf-¢-
SHAIQ] superoxideE E3h=
of 22 &35 A AT & Aokl Bt webA
NO9] Ao} INOS, COX-2, IL-1B 2 TNF-0] 23l
Aot Aol ot AFe] e dF5AeS A 53t
=t oA T8k Haprt dnt

715528} (traditional oriental medicine)ol|A] X|Ho] FZ2E
(earthworm extracty> A& AW'V3} |G =2 B9
SiA ARg-E|o] Shth. F2 Barol|x #|Hgo]

= =11 O o
FEEL HHAa
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88| (fibrinolytic),” 88814124 (anticoagulative activities),'”

7¥71% 5.5 24 (hepatoprotective activity)'” 2 Aksle4g

(antioxidative activity)' S B &}ATh B3 20| 220

Z2]# =4 (polyphenolic)o] A EA st 45, kst
5

a34E 2ausiant” aent Kol tid daZ, Gt
s} A Ao gk A5 B4 don A9 AFES Ft
ASAA 2 st ael tigk 7 HdFe] 28 Zlo
2 g3ttt AR F o) (Perinereis lineays 3% A7 o]
(marine clamworm)®] ¥ FFE FF oA FH d A

HE ghefefol] ARgH o] gith H2 BAleA AA|FG ol
A S EO] = (perinerin) V2 Ealsle] 1 QPSS B
At 3 AR F oA Aol AE | RF =W (giant
hemoglobin)'”2} 41-fr4 -8l w2 (fibrinolytic protein)™”
o] EAE HALsleltt. A|Folet AxHole HIs3 T72
Hd 52 (annelid)o|™ AHfra &8l D@ide] & 3 v
3 54L& 7RG a8y Age] &8 g A
Z2p Bl YA agkow Ax|F ol ek FAS,
Absh ATE Al BarEnt glok w2 AFolxs
golet AAGole] FEES o]8slo] LPSE F=3 o
2 M| LA FEF #HE 21A} NO, iNOS, IL-1B, TNF-a,
COX-2¢] oAl B35 2AbsAA AL, 4t #d Akl
catalase, SOD, glutathione peroxidase(GSH-Px) % free
malondialdehyde(MDA) &35 53t &Aikst 35 Aksh
At

RO T

M=z H gy

AHEME - & Aol AR AP ol= ool WA
oA Tshs F-2ZX 0| (Eisenia andreiys 43t A
Holl ISR, AA|Fol= EF AT ool Hrfjsl=
FEIREZAR| B o (Perinereis linea)s Tull3te] A g
AT Yk Fole dE Tt T-8HAbE, A
gole Qlsistae] AT 7E A5e & Aol AR
SIS ZH7te] FEE-e ARk x|o) e HEtieh A
FoFz] gt Aol Hasioirt.

X|Zol2t AX|Ho| F=E2 M= - AFole] T2 S/
TE o83t 4-83] AHS F3l olEEE A = deep
freezerl] 24*7F B3 3 A 7AZ7](Ilshin Rab Co., Ltd.)
£ AHgste] s47% d%len, 4 1xE A"HolE o
AME o]&ste] g AlxsITt. AAFo] L s
Al 4-83] AHS Foll ol&dE AA T APolof A2
Hog BUg Azt FEE Axe Axd 227
3ge 70% olE-E 30 mlol] =591 = 24A17F A2 W23k
T NS Flate] 370xgell A 203 Ft AT sk
FEATs FEsint. EEE AT THA deep freezer
AN 247 BA § SAAXIE ol8ste] TANXRE o

r_{

:.]_o:]

Aol AR&-3E7] A7EA] deep freezeroll A HAsISAT

Aok & 77| —uFtol] ARE-3= Dulbecco’s modified
Eagle’s medium(DMEM) ¥JA] 9} heat-inactivated Fetal
bovine serum(FBS)= Gibco BRL(Gaithersburg, MD, USA),
Antibiotics(penicillin G} streptomycin) 8212 Hyclone
(Logan, UT) A= 73l AR sisinh. &4bsh 40l A
4= SOD kit= trevigen(Gaithersburg, MD, USA), GSH-
Px kits= Oxis International, Inc.(Forster, CA, USA)A -
Aol ARSI HEAl A B4 Al ARSEE IL-1B%
TNF-a2] ELISA 7]E+& R&D Systems(Minneapolis, MN,
USAYPIA 931Tt. Western 4] A] AMS-=]i= ECL Plus
kit= Amersham Biosciences(Piscataway, NJ, USA)ol| A
Jaek e mE A|FEL Sigma(St. Louis, MO, USA)
of| A} F¢3ted ARE-SIATE. Western 40l AR &= BE
7] = Bio Rad(Hercules, CA, USA)A &S AF&391 3L,
ELISA microplate reader= Biotech(USA), UV-visible
spectrophotometer= Shimadzu(Tokyo, Japan) #|&2 A}
Epii=

CHAIMIZS| MIZHHQEF — o] THAHIE Raw264.7 Al 5
+ American Type Culture Collection(Manassas, VA, USA)
oA Fufste] AFo] FAIHATE tHAAMEL] Al Zul g
AEZ %] DMEMe 10% FBS%} antibiotics(100 units/ml
penicillin G and 100 pg/ml streptomycin}s 3715t 37°C,
5% CO,, 95% &% Z7splA viFedet. i Ee o
& FE37] 918 LPS(2 pg/mlyS FBS7F fl= wi ol
A7rste d5s frEstolon, A|golet A" o] FE=
2 oy FEE Ui $ AF o]&3iith

MEZ ME8 =3 -RAW264.7 cell2 96 well plate]]
5x10° cells/well = 2F8lo] 2477k vkt 5, <o)k A
AFelE sEEE Agsto] F PBSAIAM AlA - ujeke]
100 pg/ml MTT][3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyltetra-
zoliumbromide]E 37°ColA 2717+ &<t w3t Mxes
th] PBSZ A& % 200 ul DMSOZ #7158l 591 3 ELISA
microplate reader2 540 nmollX SF=E Z7d5te] Al EQ
AEES FalSith Al BEES 7ol tigh Wit
2 FASIAT

XEap kst &8 - 213 ksklipid peroxidation)y Prasad
K 59] ™2 ARg-3lo] thiobarbituric acid® Z7g 31t}
A AE FEELS 10% (w/v) trichloroacetic acidS 28| Z
o] JHAZITE ¥F41S malondialdehyde(MDA)2] A
£2! malondialdehyde bisdimethylacetalS AF&-5to] F1]3}
ATE 12,000xgel A 105 59t FAlEE] & ASH 14
7+ &<t boiling waterol| Al 0.67% (w/v) thiobarbituric acid
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= FYUT &= H7ksle] REEAIZITE MDA 3742 ELISA
microplate reader® 532 nmollA] FFE=E =75t MDA
o] FE5 ZAsIelth

NO M2k &M —NOY F== vy W9 nitrite 5%
£ Griess Reagent SystemS ©]-8-3to] =74 331 th RAW
264.7 A3l AFolet ARG o] FEE-S 7 Akl 24]
Zb % 2 pgmie] LPSE A2jste] 20417 vl Wi
A 150 ulell 50 ul€] Griess A1 (1% sulfanilamide, 0.1%
naphthylethylene diamine in 2.5% phosphoric acid solution)
< WoIFAL 1027 AF2ollA §hg A]Z] 3 ELISA reader
2 540 nmolA S EE =43 NaNO,9| w29 F
TS o&sto] il el NO w5 Atsiit.

SAEM _ Catalase B3-S Acbiso] WS 218310
ZsIAT). RS HE ol 1mlo] A HA] Al ol
2 100 pgell 100 mM KH,PO,(pH 7.0) 850 ul, 19 mM H,0,
150 pIE 7kt RS skt 43 &<k 10 7+
S 2 25°CAM FF=(240 nm)E Z4 3%t Catalase<]
specific activity= Tha 3212 AM83l ALK units/mg
of protein/min=AA240 nm(1 min) x 1000/43.6 x mg protein.
GSH-Px ZAEE 50 mM Tris/HCI(pH 7.0)°] S5 900 pl
GSH-Px assay buffer®} 1.6 mM GSH, 0.32mM NADPH
£ X35t 50 ul NADPH assay reagentl] 0.5 mM EDTAS
cuvetteol] H7Fste] 43 F<F 5% ZHACE 340 nmollA &
FEE S SOD &4 SOD assay kit(Oxis
Research, Portland, OR USA)E A}-8-3}$t}. Boric acid9}
diethylenetriaminepenta acetic acid(DTPA)7} &+ 2-
amino-2-methyl-1,3-propanediol(pH 8.0)2 900 pl, 40 pl2]
A AJE(0.1~0.5mg) 2 1-methyl-2-vinylpyridium trifluo-
romethanesulfonate?] 30 ulE 1 ml cuvetteol] ¥ 4 &
15%2<t 37°Co| 2t} DPTAS} ethanole] E19E 5.6,
6a,11b-tetrahydro-3,9,10-trihydroxybenzo[c]fluorine®] 30 ul
£ 7R 525 nmellM] $3=8] HslE s SAsIiT

Western Blot 24 — 771952 93 &l A|ge] +
Z2 A2 A7EE MEZE ice-cold PBSSE 33] A|# 3
%, lysis buffer [20 mM Tris-HCI(pH 7.5), 137 mM NaCl,
10% glycerol, 1% Triton X-100, 1 mM Na,VO,, 1 mM
phenylmethylsulfonylfluoride(PMSF), 2 1xprotease inhibitor
cocktail |5 g0 4°CollA 3087 REEAIZ]AL 16,000%gollA]
1527 A4 EEste] AFoE Bttt o] F, FYd o
“ S 8~10% SDS-PAGEE #2A1Z &, T A&
polyvinylidene difluoride(PVDF) 2H(Bio-Rad)S 2 transfer
Skt o] 2 AAle] B] SolH Aot Atslr] flskod
blocking buffer(5% non-fat milk$} 0.1% Tween 20 3
gk TBS &)l 1AIZF 5<9F vhgAIZ] &, ZHz7te] ehaldd
o tigk FAE 71ste] 1~2417F E3F WESAIH T, o]ofA
0.1% Tween 202 &g+ TBST 0= 40 27+ Al F s
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t}S, 2213k 9}F ukSAlZ). ©]ojA] ECL Plus kit(Amersham
Biosciences, Piscataway, NJ, USA)S.Z ¥k A|Z1 & X-ray
film’gollA] TS SRl slit). 2t A|59] whild Aeke
Bradford protein assay "< ARESIO] 595 nmelld §4%
£ Zsto] AAEHiTt.

TNF-o2} IL-18 S8 — Al EZ wje W] TNF-a9} IL-
189] k2 =74317] $13] Enzyme-Linked Immunosorbent
Assay(ELISA)S =331t} DA EE 1x10° cells/well 2
Aestar, et w59 FEES AAE kol 307 Fol
LPS(2 pg/ml)= AF=ate] 24417k vl gaaitt. Al g3
< 781] TNF-0, IL-1BS ELISA WPHo & Awk 3i3ict.

SAXME| - B A3 A= 33] o AAsie 1
HAE 7122 MeantS.D.Z YEM ST Aol A2
A3 7ke] A= student’s t-test® FA1EF 0 Tt
3} B WSk PovalueZ| 0.05 1THY w)] §-2]A4do] = Ao
2 7Heiith

o

O

O

it

Z1 ¢

X|golet ZX|Ho| =&E20] chst ME S — X))}
MR o] FZE AE 548 1] 98] MTT 24
WS ARgEle] AEES S8 7 A7 B 25,5
Z22]3L 10 pg/mielA ol vlwste] A U S48 ¢l
= 2= JEITHFig. 1). mEx] AFelek AXHe| =
B AE W 540] gl Aoz AuEy, Fuse] By
A AP ele] A MG-63 M AFe] FE2E5 A
Al 50 pg/ml F=oAA Al W S40] IAAIRE, 9812 500
pg/mlollA] Alazo] Ad7de] F31x= A5 Jepiith &=
sk AR ole] Z9- AF ol FUS FE(2.5~10 pug/ml)ell
A AE W 590] YeREA] ettt w2 AFedlA A

Holo} Ax|Hole] A FEE 25, 5 2L 10 pg/ml=

[l

1201
100+ — M ]
80+
60 -

40-

Cell viability (%)

20+

0' T T T
Control 2.|5 5 1?

2i5 5 1|0 (ng/ml)

Earth worm Clam worm

Fig. 1. Effects of earth worm and clam worm extract on
RAW264.7 cell viability. The cells were treated with 2.5, 5
and 10 pg/ml of extracts for 24 h and cell viabilities were
measured by MTT assay.
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ol MDA S-S ARt ZAAitst oA 235
SA8HAh LPS A2 & A Polof AAFo] FEE2] o
A IS dolrr] s 27} 2.5-10 pg/ml FEZ A3t
of Aatzbatsl oA &32 =43 THFig. 2). LPS g
(130.7+0.86)2 H] w3l 2] % ©](12.9+0.86°1 4 11.3+0.86)
o} AR 0](124.9+1.17914 117.2£0.65)014 F= 2]&4
o2 {4 7AE JERNATHP<0.05). 53] A #Fole} A
AFol 10 pg/ml E=AX 24H2F e A &35 UeRiod
ot Aibptshe o] S Aoy el ofal
A=, 53] LPSe] Aol oJgh dikitste] 7= Al

150+ ——
—_— * *
= — *
e i o
€
S 100-
o
o
o
> 50
<
[a]
=
0-

ControlLPS 2i5 5 1|0 2i5 5 1|0 (ng/ml)
Earth worm Clam worm
LPS (2 ug/ml)

Fig. 2. Effects of earth worm and clam worm extracts on
MDA in LPS-stimulated RAW264.7 macrophages. Cells were
pre-incubated with or without indicated concentrations of
extracts for 2 h, and then treated with LPS (2 pg/ml) for 20 h.
*P<0.05 as compared with the untreated group.

*P<0.05 as compared with the LPS treatment group.
**P<(0.05 as compared with the earth worm (10 pg/ml) and
clam worm (10 pg/ml) treatment group.
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T &4 e B As It webd 28
ole} AAFo] FEE-L LPSoll 23 Aakapatsle] AL
AAE 5 driar et

X|golet ZUX[Ho| F&E0| chst eilst g4 #ME
- ksl g4 4 AeE S4s) 98] LPsHE &
AHolok AXHo] FE2EL 378t catalase, SOD 2
GSH-PxZ =743} tH(Table I). Catalase T3-S LPS # ]
T-(47.04+0.92 units/mg)7} THZT-(43.0+1.9 units/mg)ell B3}
fre|A o ® FT1IAATHP<0.05), A|FPo] F=E2 LPS A
2]} vl d)] 59 10 pg/ml(58.2+6.4, 71.2+3.3 units/mg)
oA 77 feHo R e RS YERAIL(P<
0.05), AAHo] FZE= 59 10 ug/ml(72.7+3.0, 77.6+4.8
units/mg) FEONA FH R =2 TS YERNAT
(P<0.05).

SOD A4S LPS A 2] 7+(7.76+0.31 units/mg) 7} thZ&F
(6.01£0.28 units/mg)°ll H]&| FoH oz F7FsFH A THP<
0.05), AlFgo] FEENA LPS A<} vlasl 5 < 10 py/
ml(9.51£0.07, 9.64+0.20 units/mg) F=NA 22§50
2 4 52 GHEE YERINAL(P<0.05), AA|Fo] FE&
TS LPS A 2] F-of vlas) 2.5, 59F 10 ug/ml(9.96+0.23,
11.05+£0.23, 13.19+0.99 units/mgys=ollx 242} fej8 o=z
H 52 SAEE JERRATHP<0.05). 53] AXHo] F&
E(10 pg/mlye A#Fo] FZE(10 ug/ml) vlws] F2%o
2 & IHEE YERHATHP<0.05). B3 GSH-Px 273
& th2T(32.82+0.76 mU/mg)2t LPS A 2] 77H(33.94+0.30
mU/mg)oll 21211 Zo]7t gllent, A|Fe] 552 2.5,
5 :Laz 10 pg/ml(37.78+0.30, 39.79+0.35, 41.49+0.24 mU/
mg TollA LPS A7} sl folHos we gy

Wﬁu}(lko 05). AAHoI% 5, 10 pg/ml(37.10+0.44,
41.04+0.27 mU/mg) ‘55olA LPS A2} vlws] & &
AEE YERITh kA o] A= MDA oA &3
ArslEA el A EAE YElH w2 kst B9l
catalase, SOD, GSH-Px2] Z71= A Ho|¢} AR Ho] =&

Table I. Effects of earth worm and clam worm on antioxidative enzyme activities in LPS-stimulated RAW264.7 cells

LPS (2 pg/ml)

Earth worm extract (pg/ml)

Clam worm extract (pg/ml)

Control LPS (2 pg/ml) 5 10 2.5 5 10
Catalase (units/mg protein/min) 43.0+1.9  47.0£0.9°  46.9+03 582+6.4 712433 45.6+59 72.7+3.00 77.6+4.8
SOD (units/mg protein/min) 6.0+0.3 7.7+0.3" 8.5+0.1  9.5+0.1° 9.64+0.2° 10.040.2" 11.1+0.2" 13.2+1.0"
GSH-px (mU/ml protein) 32.8+0.8  33.9+03  37.8:0.3° 39.8+0.4 41.5+02° 33.8£0.6 37.1£0.4  41.0£0.3"

Cells were pre-incubated with or without indicated concentrations of earth worm or clam worm extract for 2h, and then treated
with LPS (2 pg/ml) for 20 h. The activities of catalase, SOD (superoxide dismutase), and GSH-Px (glutathione peroxidase) were
measured as described in the Materials and Methods. Each value represents as mean+S.E.M.

P<0 05 as compared with the untreated group.
P<0 05 as compared with the LPS treatment group.

"P<0.05 as compared with the earth worm (10 pg/ml) and clam worm (10 pg/ml) treatment group.
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E9 ksl S48 Uepditks A8 wkssit). 53] MDA
A F5olA AFol7t AXHo| FEEY ]
&S UERIAITE SOD E0M = w2 AR|Po] =
ol 4 &2 T8-S YeRth 1822 LPSe| ot 48t
ZEg 2 gt AR Po] FEE| AP FE2EL Y
3 G%S /I v daE ks dksiAl = A
o] 7Fs Aoz AlgH)

X|go|e}t ZHX|Folel F£&20| LPSH| F=E NOMA
3t iINOS CHHE W ofxjof| O|Xl= &2 - iNOS9| 7t
o osk NO2| =3t B2 COX-2¢] S7k= 9ol
EAo|t}. wpEpa] RFPole}t AR|Fo] FEE] LPSe 23
FEE COX-2, iNOSF NO2| T ujx|= Jae Lo}
Hkth LPSel 213 f-=9 iNOSe] A3 LPS g7+ o
Z7-(Fig. 3A, 3Bl HIal 8uf) S718FAIwE A& olof ZAA]
Bo| FE2E AE+e 47 4l 2 guli7F fejH o= A
HATHP<0.05). Bgt AA|Fol= AF o] FE2EH v ws|
fFeldoz 3 o HaAse a3 UERIITH(P<0.05). L
i COX-29] 79 LPS A7) H]sl] Ax|Po| F2=
2 fojFog izt ZAHJATHP<0.05), A Ho] FEE
(Fig. 3A, 3C)2 7H4skA] 23 238 1 S7kskth. NO

:
)
m
E
ofr
H
rlo
fol
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A4+ AK(Fig. 40014 LPS A 2]7-¢} Hlaws) =z o]e}k A
ol 7} 10 pg/ml =AM fro] A 02 st IR RH(P<
0.05), AR Ho] F2E(426.1£1.91)3} Blwa) x|Ho] F=
£(384.145.73)°] NO A2he o3 0= o B2 74as v
ERATHP<0.05). H5HHEll ¢k iNOS, NO, B COX-2
o] F7Rs W 9FARG oplsi P dFAte] JAlE
Gt AW 250l F88H 121=32 SUct. Balamurugan
M 5'7¢ BieA Aol FZEo] FHZAA<
Indomethacin?} ¥]528t G35 YEPATIAL B ISIARE o]
H AR5 S 45S A=A BRaEA] g9t &
AE AT} Aol INOSSH NOoA R oA 37t vebst
3L COX-29] 735 LPS Aol vlsl| 3|8 v F7H=3
t} COX-29] AFUA HAEE COX-29 F7hol uhet
prostaglandin E,°] 93¢ M HFH o2 JFHH]
doJuA 7] wjol*” 2Fo] F2E-2 proinflammatory
cytokine®] 5= UEPATL ALSET wheba A Fol=
INOS®} NO¢] JAIE FalA] AEukeS oA stk At
Ak 28y AXH o] FE2E2 iNOS9 COX-2 & T
oln|aHA 2JAlsle] NOSt COX-2E5 53t 45uhs-S 7z}
Aglshs A#E BT o] Aiks AAHo] FEE9] 3
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A
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Fig. 3. Effects of earth worm and clam worm extracts on iNOS and COX-2 protein expression in LPS-stimulated RAW264.7 mac-
rophages. Expression of iNOS (B), COX-2 (C) and B-actin was detected by immunoblot analysis with specific antibodies (A). Cells
were preincubated with or without indicated concentrations of extract for 2 h, and treated with LPS (2 pg/ml) for 20 h.

P<0.05 as compared with the untreated group.
*P<0.05 as compared with the LPS treatment group.

**P<(0.05 as compared with the earth worm (10 pg/ml) and clam worm (10 pg/ml) treatment group.
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Fig. 4. Effects of earth worm and clam worm on nitrite pro-
duction in LPS-stimulated RAW264.7 cells. Cells were pre-
treated with 2.5, 5, and 10 pg earth worm and clam worm for
30 min before treatment with LPS (2 pg/ml) for 24 h. The
supernatants were taken and NO was measured using a Griess
reaction assay Kkit.

P<0.05 as compared with the untreated group.

*P<0.05 as compared with the LPS treatment group.
**P<(0.05 as compared with the earth worm (10 pg/ml) and
clam worm (10 pg/ml) treatment group.
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Fig. 5. Effects of earth worm and clam worm extracts on IL-13 (A) and TNF-a (B) release in LPS-stimulated RAW264.7 cells.
Cells were pretreated with 2.5, 5 and 10 pg/ml of extracts for 30 min and then stimulated with 2 pg/ml of LPS for 8 h (TNF-o)
and 24 h (IL-1B). The levels of secreted cytokines were analyzed by ELISA according to the manufacturer’s instructions.

P<0.05 as compared with the untreated group.
*P<0.05 as compared with the LPS treatment group.

**P<(0.05 as compared with the earth worm (10 pg/ml) and clam worm (10 pg/ml) treatment group.
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