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Pharmacological Studies of

Antrodia camphomta

Wen-Chuan Lin
Department of Pharmacology, China Medical College

ABSTRACT

The present study investigated the effects of the fermented extract of
mycelia of Antrodia camphorata (FEMMAC) on 28-days’ toxicity, antioxidant
properties in vivo and gastrointestinal function in rats.

Toxicity study was carried out by administration orally daily doses of 1, 2
and 3 gkg of FEMMAC to groups of male and female rats for 28 days. In
hematology, male rats given 3 g/kg showed a decrease in meancorpuscular
volume and mean corpuscular hemoglobin. In blood chemistry, an increased
levels of total protein, glucose, phosphorus and activities of lactate
dehydrogenase were observed in male rats of 3 g/kg dose group. Male and
female rats given 3 g/kg showed a decrease in concentration of potassium. Male
rats given 2 g/kg also showed a decrease in concentration of potassium.
Urinalysis showed increased sodium and chloride ion levels in both male and
female rats of 2, 3 g/kg dose group. Increased urinary protein was observed in
both male and female rats of the 3 g / kg dose group. Male rats given 3 g/kg
showed an increase relative weight of liver and kidneys. However, no
accompanying histopathological changes were observed. In conclusion, the dose

with no toxicological manifestations were associated was likely 2 g/kg below.



Oral administration of FEMAC for 28 days in male rats. FEMAC (2,3 gkg)
decreased the levels of lipid peroxidation in hippocampus. FEMAC (3 or 2 g'kg)
elevated the contents of glutathione in erythrocytes, brain cortex, livér and heart.

Oral administration of FEMAC for 28 days in female rats. FEMAC (3 g/kg)
increased the caecal bacterial counts of lactobacilli. FEMAC (3 or 2 g/’kg) also
increased the contents of glutathione in the mucosa of stomach and intestine. In
other experiments, FEMAC (2, 3 g/kg) inhibited the gastric acid secretion in rats.
FEMAC (1, 2 g/ kg) increased gastric and intestinal motility in mice,

Key words: Fermented extract of mycelia of Antrodia camphorata, 28-day
toxicity study, lipid peroxidation, glutathione, Lactobaillus, gastric

acid secretion
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1 ¥ X4 4 ¥ i (Antrodia camphorata;, Polyporaceae)fE 4 & £ & M 45 %
BiFARER L REMBATTH LRHENRME > THA LW R
B~ A R SRERFEANM] c LA BRI R TGMER-5] ) =
HH A FEARM D R -

DELEUBEBCTES THELARNAEDARS - B2 8
WHSHERER > L+ CCRC 93032 BkR AT EHBHEARIFEH oY
Bk LERASGRESEERRADHART 2R - AHE A GE
F#/TZ(CCRC BOH4BEREMRZBEELRAE - F—FEHT
Frm=3y Hd(—) BELHSGBEEERROEEFRRERA 28
RBERERER > ()L ERRERLFHARLEILER » R(Z) hER
RELEFGHREEIRE D -

A -HHES %
— B A4BRBERRZES

AT EBRRMEMER 250 N F e iF Y84 dAutrodia
camphorata CCRC 93032 2 48838 4% - & AF &8k 160 2F - HBER %
AR E AT S BIRRE U BN o BB R BRE(50 °C TR
4 20 4% IREETUR R #4 % 450 mg/ml > $EF 30 C R - 8RR BF LKA
R AR - |

o AMEMNR 28 REAFHRE

(=)~ &4
AHMFMERERER SD AR sk B ESA YL 168 N H R 165
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Bt EFOYIEE - E R REMRARAN Ak EBHERERT -

(=)~ &EHRm

HE S RSB BAKR 6 B BRATBA W ERABK - BOHLT
—RBLEGBESERRAIAGER AR THFERA LK TORNBE
WibFo b T o — ERILH B(LD50)F 95 %42 3B R4k 8 Litctchfield
& Wilcoxon = & 8% k3t A [6] - |

(2)28 BfREFMR%K

#e ~ ERXBE D AREE > BHE g SRR ORTFHLE DG MSE
ERRZBMERL 2 -3¢ RAK  HEEHKS Lml/100g &5 5
B E AR 0 28 R B o |

BREDESRBEEG YRR GFEMBEE R NRBET T oA M
ek 16 DEFIRRAE SRR c RBRT BB RE 0 TR
T BRI L B R PR o FECLRHRE « REE BB S b~
BT A ~ BARR ~ou R~ ATHR MR BB BB - F LM oM E - EA4
P& TF - FRE UKL EERBARRS  REANIBE - 2 2
BEN 10%BERER  UEREWAKER -

1~ L&

% 2 8 8 0.0 5 A4k (Sysmex F-800, Japan) » #8038 B 4 4r a3k 2}
¥ E o wIRER - FHELKRER MCV), FHkbhifhis£EE
(MCHC), ¥4 itz £8 (MCH)s fo MR $- & kst 8 R 5% -
#E B EF R ~ FEALEE AR i BEBE A (APTT) -
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& A 416 B & 5+ (Ciba-corning 550, USA) M & » RBA B &454
AM¥osggam (GOT)-#a®AHakdan (GPT) - sL&k& Am
(LDH) - v-# A Bi @ 8 (y-GT) > 4 fEE & (T-CHO) - =&+ - &
Fa-aha HEe @Ests TBIL) -HE#E- w¥ikEL (BUN)
LB H ~ Bt PRS-

3~ BBy

18 B FR R 4B X 4 (Ames reagent strips for urinalysis; N-multistix SG-L;
Japan) » BEBEE ~LLE - FET - ABEER - Ho AR Bk
FkiE o BB RAN / & / FBET R E 4% (Shimadzu clinical ion meter CIN-
104A; Japan) RIZ P49 ~ 47 - ABEFAHE -

4 mERBREHRSE

ERRBoBARE - B - ATHE - ATRR - BRRR - BB B LR B R
B ATHIE S FF 0 FEBBAEN 10 % THBEKRER - G F4
BHBUMRSE TR EAEROERMA B UEARFRPLLEE
(Hematoxylin and eosin stain)# &, # R KR E - RARERILZad
PHELAR BB EROEERETEITHREWRRE -

E I %

BRBEEXE  TRITER % EREK - HLBS4REBEIOR
SR AR LR E 0 X 2.5 ml/100 g body weight & T2 F ¢+ EAABE -
B sk Bk E 0 £ 60 FF - R 6 N ERHE i AoR s - 47 -
FEETHE -
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1. Bs'% i@ %1t (lipids peroxidation) @& |
40 4% 04 B X i BUAER) T R 4E Ohkawa et al & 7 5%([7]> 4£ A Thiobarbituric
acid # malondialdehyde (MDA) 2 &, » # 532 nm RIR & E - B i@ /i
& 24 nmol MDA / mg protein &% - 828% & 4 4 % R TR Lowry £ A
# Fi&[8] -

2. # M AR Glutathione)4 & 81 /€

LR AR B A2 B AT HRIE Sedlak & Lindsay — K89 7 5£[9] 5 46 B
5,5’-dithiobis-(2-nitrobenzoic acid) £ & 7 412 nm 8% & & < 8L pmole/g wet
weight & -

3. @ H Ay 1bas (superoxide dismutase; SOD) % 4 i) &

BF 4a 8 2 37 R 224K 35 Xia B A FH[10] 0 554 R % 43 Marklund K,
Z AT E[11] 0 @R A B ALsE &) 5 M F & A4l Pyrogallol B # &1t
ERRBEE S0 % MESFHESA—BEM (U) Fadieid i
{bBs &P LA U/mg protein &2

4~ BB HRB AL EE £ (glutathione peroxidase; GSH-Px):% t ) &

AR X AT R R B Xia % Ay 7 7E[10] o Bk H kiR A udpdrEi5
R kA Hafeman % AR 7 2(12] o MRS ABE R BRI E A D
by o Araadiey GSH-Px &4k U/ mg proteink 772 o



bﬁﬁ?% (Catalase)f% B E
WAL R FEHR TR EAbIR G A[13] - RERTAAK (—&
REZ R %% %, min-) s —@E£(U) 4 U/ mg proteink 77 2

6~ HHafth A

KB EA £ CRERREF T dh BBy Akdh o o 4% TR FRZ SR
HERRRER— i — R EF SNk - BT 64 R 4E A T & Total
Antioxidant Status 3 %] 42 /8] 3% (Randox Lab. Ltd) £ 5 483t f16 5 - R 0.5 ml

peroxidase~0.5 ml 2,2’-azino-bis [3-ethylbenzthiazoline-6-sulfonic acid] (ABTS)

BB ISMHIO) RAME HEEAE%E ABTS® B d A% fo 1 ml
S5 0 ] 734 nm Y& S A4 o 45 &ﬂmnmmmzﬁm#ﬁﬁﬁ*%ﬁFUﬂ

Z-REFHTE
AR 28 BEMEEET 0 KRR R BRI R B e £
MRE - EEREEHRNE R e AMILE -

1~ HEHN ) #48

LR ARERERRETHNEY R 1g onsd Sml &
AREMSFRZRE T > BT A7 T REHE - RALTHBEH > UAS
ERERNLERABRETY > ENRABRAEHE - I537Cmb =R
HE k-5 &

ERABARE  REEHEMEEAMLES I ml- B4 D-cycloserine & egg
yolk = TSC3zH K E » HhoA 5- ml R4 egg yolk 2 TSC medium » 4 2
Ll 238 e AEE - R Em EAoE 0 BRRRRAER D



MISBTC AR SR P CERCLANAB ARG S -

2 LB EEMRZ R f
BP9 4 20 2o Koy A B B THAE  R02g laA 2 ml 4 5
iodoacetic acid 2 4°C ~ 0.9 % NaCl &% » B3 G4 8L -

(1) #EmEEEHA L

T30l 69 B35 39 1 Ao A 1Spl 56 mM A 88837 37°C F4E M 30
o4 Fhe A 100u #5 0.6 N NaOH xRz atast » % 14 10 ul g9 6 N HCI
AR P AL o R4Sl RITIBM X AR 625 pl REMEMIE - 150 ul
4 1mM ATP ~ 150 ul 45 1 mM NADP ~ 15 pl & 330 IU/ml hexokinase sk
15ul & 1 mM NADP -~ 15ul &) 170 IU/ml glucose- 6-phosphate dehydrogeﬁase
7 37C TR 30 548 REBBLENABEUL L ERE - SEssrE
B e E RS0 AR 340 nm % & F BT 8) NADPH # & > it 12
&&%Imwyﬁ%%ﬁﬁ%#%éﬁ%%’ﬁ%%ﬁ%%ﬁu;migg
M oasE fng RaE ATz e

(2)h6 B8 RS MR R
& 7 & A A 4a(Sigma Lipase-PS™)ia & 2 o siek & 49 Lowry 7 i 3
EHRABTREESCE FM&EER A unit/ pg Fa g irz o

() aRBAAMEITHRAE

H 1 & 3 B 4a(Sigma Diagnostics LAP)B] & 2 o LA B &9 Lowry ¥ %
MEM DT EG RS E > Ma ABA RS EE S Sigma unit/ ug ¢3
BREFZ
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EREEER > & 4 PRERE  DRBIEL B SRR EIUR
#FA ] PR 45 0.2 ml 89 0.5% carboxymethyl cellulose solution (4 0.1%
Enans blue) > 4 30 5-487& » HHIER44E > RHE - B EWMZEN 4 ml
&9 6M Urea> & & 2 » B 5 v 8 ml acetone ~ 0.4 ml 20% ZnSO4 ~ 0.4 ml ]
N NaOH - @R » # 620 nm BB AE - FHH (%) = [1(EMEYG s
FEBABEET) X100 -

4~ B E K AR a9 1E F

AR > &4 FREA% > DRIRARY B4R IO
81N #5582 0.2 ml 8% 0.5% carboxymethyl cellulose solution (4 0.1%
Enans blue) » #& 30 24845 @ MEE Q44 > BE N - FBHENAA LTS
Ko b IR A AR & R 0k o I HERAE (%)= (8%
R AR B2 &) X 100 -

S-HELHBE

BRHMAR B A— 8% L 2 LR > SRR &% dr]
B o+ 48 B SE R B AR B R TR © AL - B 4 e
EORBEBT  REE  WEARY > GOk MR ERE  BROLE
LOINNaOH € &2 > HBHEHMYyLE -

N Bk

AERAFZEE  HUERY R B 5 M (one-way analysis of
variance) » it #47 Dunnet B3 > A P A 005 WA FHMEL R o |
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M6 B0 48T — R F A B R B 15 gkg o B 14 K
H T o Bk R ) — ¥ BEA BLDSOAR 15 ghg - M % B4
BERRRTFERABRERTAEN - RTEE 1 RE 2 X RARER
B FIRKBRER VWARARBEAEHBUEBRAFLE(EZ ) -
R EA 6 & 45 548F FEMAC 13 ~15 8 17 gkg: BE 14 X
B’FERARTEHESHA 12 55 & BEAFALT » dsbFa el
— LB ER 05 %TIEHEME 157 ghkg (143 ~17.1g/kg ) - B ¥ W 4hae
HEIARRETERCARBATAHER - £ FR03-15 gk ARRE
dirdlmredr > 4 RN EAFRBLERA(KR )

28 B me AR
(—) BE

HBEAA 10 % 2H VB REuRTHLA4BEEFERE 12
3 gkg sk AR S EBATHEN - RiEHAE > BELH ABPIL(X
=)

(=) a2t

bk TR 4R 28 RE U F FEMAC > th & 2 ghkg @ 8) & mif ¥
BasdEdl R BREIKIL R 8258 #4125 A KEGT > HRERE B K
Wil o Ehltade 3 gkg AHEKEB S HA 91 + 0663 + 0.4%F
(10%ul ; **P<0.01)» A a3k oM CHEHE B MR P AR RER BRAH
itk - 3 ghkg ey T34 R B HMCY) ~ F 34 4 fn 5 47 % B (MCH) 5
AR IE e - BRI B RE -
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S, 2 gk 480 b KBk B ISR IE R 4 0 (8 R B A BARAEIE B
)f{’f' ﬁ%ﬁ‘] _«ﬁj.f_ ':7/ E] |

(2) oFAlEHE

ho R WA K 28 REUBRTFTRIESHEEBERE - #£4 3 kg
wmeyILat £ ase (LDH)EM -REAZaE - EB -#SesEnirdlas
2~3 ghkg saehsrd TR BUEH A BRABFEE - R 3 gky taays7
BFRERTN A RBEBE-

(v9) Bl o ¥

R B B RS ER 28 REURTHL ALBHR AR
3ghkg BHRREOAEENWwENL -2 3 gkg BE T - REBETFHS
BN - BREIBHE -

() BEEE

B 28 REURFHEAHBEBLEBR £ 8 3 gkg @6 iFmR
ok - EFHOBHEIREMNES  RRHETRALL  HEABRKS
FEEARALE (&)

R 2 ghkg M CRBH RN EE - A FNEHEE R A S
BAERERFNE HABRKREESAAFELE (£5)-

() %

B A4BEASERZEFERLORT 28 X 3 ghkg /7% A
LR TR B M B R TT L A%
HEMERAEREBAEMOMETRE R > B0~ B~ 55 - 2
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=~ HERAER

ARE-HERFHLEHRESEIOL > 6 L FNEELHNLE
Floko RELHT 0 X BSMEHEIRR (05, 1, 2 gkt T4 £ g pp
MR E R IR 0 6 D RBATE 1, 2 gke @BBAAER A - 2 gke
RIBHAR > 6 N5 MBH a0k Na K & Cl 867 S BN A (&

/\) o

=~ EB N AR
(—) - ERAL  BRUYKAEAT4E

REIASHBEBRIRRZERTF 28 X HREBER R T ~ sUksE
AHE -~ BH - RO ROETBRCEE R AT EHEEE
FHBRALERQ 3gke)  HEBIMBEBE o

WY ASGBEREIREEET 28 R HARE & - OB~ A28
FARABATOEEBEIAEE BRI RREGTLENEE i+
P MEBSGBEEERAH LB RO CRE YR E LY
S EG gk CBA R K R IKESE -2, 3 ghke A ey EE
ayesEAMRL -

REIDGBREIRRESFRT 28 R HXAchRAFE BT
BEAREE  RBRFRESE > RINEAEHFB A4 LB £(SOD) ~ #
et ok 38 B 4L 4 82 % (GSH-Px) ~ i@ S/t 88 & (Catalase)iE it 5 B8 » 4
Blleft— +2FF 22, 3 glhg Yo sk B IRA BB 8538 o » 1B
FAuH R ALBEE ~ R KB R B E e E AL - 2, 3 kg a8
AR S B - BRI BB EERL I - |
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(=) o P HEHEAIKE

WEZRGRERERRERL T 28 X' KARBFREHLEUT
£ Total antioxidant status R #EB T R B ELY » &FY % HESH R
BORME R a2 RARER -

AURRABEORTFRE-HERLBARBEEIOR (1,3 gke)  &F

AT AR TR 123 b5 e ik » B4R A7 & Total antioxidant status
AR MERLBHAAS  RELEHBYEBRERRRTHRIE TR 0P L0
RN RFABRLLR -

W BE R B
(—) > Brif 4= B 44

WETEZMT KERTHEIA4BEHERRZ 28 X HH 20
ghkg/day) @ BN ILBR A ZTRMMYw > EHERARBELOAREI T EE

(=)~ B ges %

ABBTPHLAHBBEREIUL 28 R HdFIRABERM LY
¥ 8 (maltose) ~ & #8% # (sucrase) ~ $L#% 8% % (lactolase) ~ fis 4.5 % ( lipase)
B & {8 £ 4 8 % (leucine aminopeptidase) F 69 E M R A B E (K Fm) -

(2)- EHBEA - BRHKRAZTSE

WwERTIAF > KBERTFTRLBGBEEERR 28 X > 45 - Bi
B R BRACRRAARE RE TR WE HRBOAMYE KRS E -
SEERFLAEAENERBEEOESE -

(w)~ BHEHAE - BT EEHR
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WRTEHAT B-RENRLASBRERERE (1,2 gke) ifz‘ﬂ%s‘é’u
SR ML R T ERAEAHBRIER -

(&) © B #A
oRANAT 4 DO ERERTE LT AR Bt ?aﬁ?f
ANBE-BEGHLES4BERETGE 2,3 g’kg) » BABAMRIN T 4a o

i %

ﬁg%%%%ﬁﬁmﬁmﬁmmnﬁﬁﬁ&iﬁ%ﬁ*% AR 1L
#if FEMAC #4# T 28 0y #HER AL B URGRBETa
BAACEETRNAILF RGO E RIEHFFEMAC 2L & 8 W oh st /6B -
RSN R TR o ARSE b P RBEID - Bk
B R B ES TR B My (—)28 BRAENMAR - (2) R
NI ~ (Z) HEFHHAEAEE TENEE -

(—)~ 28 BARRFHMEAE A
FEMAC #i# ~ 18 8 % & R d d77% > RAsF BB F DB E R EBE
MR RAER A B & F s78EF 8 2 0945 W[15] - FEMAC &3 &%
RERBHET Y BERHEOEAILKRBRES  RPETFEELRE
ABALA - £AH BT %5 FEMAC R225FRIER > Rk
&ﬁ%ﬁ&%ﬁ%°&%ﬁ%ﬁ%%’mMMj%%%ﬂﬂ?ﬁﬁﬁéé
T 0 TR FEMAC 698 o évfE A R H H B E 1k A i3 A ey o
FEMAC SB E6f » R e AL R EH - FHh b b e 558
Bk R adegst HHMRAKEEB L+ S & obtem o
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FLEE & B AR AF 120 A LA L5 O~ BB BT~ a3k BB [16] -
FEMAC S#I 4480 FH -~ TiRaEEEm Atk aoszi A4
RERIE MAFiE— FRITEHEEE (Isoenzyme)d) FEHRRBEL -
FEMAC A& & 4% €644 ~ 47 ~ fL3:-F (FEMAC 300 mg/ml 4 Na 591
mMol/L ~ K 402 mMol/L ~ CI 147 mMol/L) » [ #b48 /i 4% ~ 87 91 8
B (ESPEETH R A A THRE LS  WRTFEZEIBERSY -

(=)~ ERE PR EALAE

BEEBRACBERAGAGEYANEEX— AYBAE SERL
GV X GRA BRI REHRE REEAME LK L duy
malondialdehyde 2 thiobarbituric acid &t A E A4 &'y » Ty
AAEHME  RELBALRETR TR E [17] -

AR R s TR AR » BT TRK# FEMAC Hast
FABALGREMER - £5—F @ LT FEMAC A5 Huad g%
R CRREEHU T EENAERA TR RO BT BRALEE LAt
(18,191 - B AT o A2k B o) kR i247 » B FEMAC #8934 R &
PR - EAE IR FEMAC B4 ~ w3k - By RIEA T ~ 8K
B A5 BN RATE - B - B -RR - ZANBETRE
CRE - RBG3 BB > FEMAC HE b B RS RALEE » &4
# e 8 AL EM kM o FEMAC 9088 /R A5 30 8 51 ) s 4 18 f b
B a5 e® Yz ysis £ R [20] 0 FEMAC &% 4 shAk R 18
53— F iR o

ERETBACOTR AFLEALQREEESE > 080
FEMAC MiRRR D Mo E 58 42 » FEMAC #HRB o 3E R ik — 515
3 -
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A AR ESHa8A 5T e 28088 Re 5 E(18,19] - &
ATHRAE FEMAC i - sk~ RESE T ~ RAFH > B~ w8~
B~ BERGBBE KA E » B3R FEMAC T mbrdatk ~ KIS H -
R cRBBAK S ¢ BT FEMAC T Lo - REAE - #F
B~ CBREREAEA -

EART®RAAR T FEMAC Hio b fofF =B SALB £ 51 » 4
B FEMAC 8 # 4z 3k SOD -~ GSH-Px » B AF#& 64 catalase &4 o B 74
PALBE R SRR P AR AT AT A 0 RFERE T
RAwR T 4r 2K ~ AFBGYHR B AN > 2L R SR b » FEMAC 3]
et PALH EH v 0 @ IEAL T kIR - FFRROO L BAL A 4 - |

(Z) - HEFWHAE

REBHARATR > ALt BIR FEMAC B ARk - L
HMAMBEBRERS  BILARRER FEMAC 2045 F H) 69 v 8 B2 4
@17 - FEMAC S4B A wiBl AR THOA X E LB G M0 4
AEBERRBEDEAFTBE 8w FEMAC 4% M U SAT 538 Ao o) &
20 6 A ¥ FEMAC 422 A e bt o

FEMAC #5835 B H LB R EN AR BE - LTy Eg » %
MEBER - BRHEAOBTRAARERAKYE RS E » 438 FEMAC #
B BB HBEARE LA YE  AERAT - BERAN K
A8 o BA KBRS BB IR R B AL 0 RSB 6045 £ 21 -
d10b4e % FEMAC # § - BB LA R 1E A -

ACHE—BENTR  BF FEMAC TOEE B4 S « BBE
EAE S BB AR N % 0 R FEMAC # B ~ B A4 &4k -
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B BR6VE B~ FEMAC £ fR3Fa4rdl B 8 itk A > &4 FEMAC
RITR ~ BRSBTS EEA BT FEMAC 5 ~ BB Mg
—HHE -

BRags

Lﬁz(GRC%mm%%%%ﬁﬁﬁﬁ@%@@%xaf$ﬁﬁm%
AR 15 ghkg » BFEFMRME -

2. RBEEHRT FEMAC 228 F42gkg AT »

3. FEMAC fe AR B8 Ha i H B AL B

4. FEMAC T e hotr a3l ~ RS R Y ~ A8 - O~ BA A B E
BB RS F -

5. FEMAC # ja i 8 L8R AT B & -

6. FEMAC aE#r ! B 88 ik » RAZE § BB e R B8 14 45 -
FEMAC &2t &% M8 R R 0Ae LD -

+5FEH
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A- HEINMBESIRRALENBRALATERABERL

Dose (g/kg) Days :
(death ratio) 0 1 2 3 5 7 10 14
Male

Control 1664 1932 2114 2130 231.6 2496 2820 3034

£33 £31 £28 +37 £42 +40 145 +72
FEMAC 15 1640 1808 1932 2068 2120 2392 2732 3076
(0/6) +1.0  £33% £33% 132 +28 49 44 176

Female

Control 166.7 1968 2057 2153 2247 2412 2542 2673
+21 36 £33 242 £52 £70 90 +£96

FEMAC 13 169.6 1918 2008 2102 2218 2322 2384 2504
(1/6) 13  £15 +£23 422 %16 +47 +£40 +58
FEMAC 15 1695 191.5 199.0 2092 2222 2352 2442 2592
(2/6) £12 #£50 +42 451 461 74 294 +69

All values are means + S.E. *P<0.05, **P<0.01 compared with control group.

FEMAC: #¥ 8 4B se 3 BUR
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R ARBURTHLZAMBBHERR 28 REERL

Weeks Body weight (g)
Control FEMMAC (g/kg/day)
1 2 3

Males

Before 183.6+25 181.1::19  1812+27 183.0+2.0
1 2391441 2378133  241.2+35 2435433
2 2906+75 2927+46 2981438 2952 +5.1
3 3306 +8.1 333.7:62  3380+44 3318+ 7.0
4 358.6£93  3453+7.1 3566450 3512+9.0

Females

Before 1854439 1847 +39 1851 +3.4 1823 $4.1
I 2300+£27 2315146 2236 +3.0 2263 +24
2 2452439 2484 £53 2437435 2399 126
3 2624+42 2661 71 2604 +£3.6 2558 +3.1
4 2728+42 2776 £75 2736 +37 2658 +19

All values are means £ S.E.

FEMAC: # ¥ B4 X8R
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EZCRAABRUBRTHIASBEFERRK 28 R0k Bk E

Parameters FEMAC (g/kg/day)

0 1 2 3
Erythrocytes M 6.5 +0.1 6.7 0.2 6.5 +0.1 6.7 £0.1
(10%uL) F 6.8 +0.1 6.7 +0.1 6.6 +0.1* 6.8 +0.1
Hemoglobin M 131402, 135 +03 129 +0.1 133 +0.1
(¢/dL) 13 142 +0.1 14.1 02 13.9 +0.1 143 +0.]
Hematocrit M 385 £0.6 393 +£1.0 380 £04 390 £0.5
(%) F 353 +03 353 +0.4 34.6 +0.3 35.4 +0.3
MCV M 59.7 +0.4 58.5 £ 0.5 58.4 +0.5 58.1 +0.3*
() F 57.5 +0.3 58.1 0.5 55.6 +3.0 57.8 £0.3
MCH M 204 +0.1 20.1 £0.2 199 +03 19.8 +0.2%
(pg) ¥ 232 0.2 232 £0.2 23.5 02 232 +0.2
MCHC M 341 0.1 343 +0.1 340 +0.2 34.0 £0.2
(%o) F 363 £0.2 36.0 £0.1 361 +0.1 363 +£0.2
Platelets M 8804 £41.1 833.6 £484 8266 T172 9008 +18.5
(10°/uL) F 1030.3 £23.8 10428 +£237 1000.1 £35.8 10314 + 287
Leukocytes M 121 £0.6 9.7 £0.8 8.9 +£0.6* 11.5 +0.8
(10%/uL) F 152 +0.7 13.6 0.6 13.7 0.6 13.9 + 0.6
Lymphocytes M 747 £2.1 743 +1.4 71.8 +3.2 72.4 £2.0
(%) F 762 +0.8 742 0.7 755 +£1.0 737413
Seg. Neu M 253 +2.1 257 +1.4 282 +3.2 27.6 2.0
(%) F 238 +0.8 25.8 £0.6 245 +1.1 263 +1.3
PT M 17.3 +0.3 17.8 +0.2 17.0 0.7 18.0 +0.2
(sec) F 15.8 +0.1 160 +0.1 165 £0.5 16.0 £0.1
APTT M 43.6 420 446 + 1.7 393 +1.5 449 £ 1.6
(sec) F 392 413 379 +13 408 +£1.0 394 +15

All values are means + S E.

*P<0.05 compared with control group.

M: male; F: female; Seg, Neu: segmented neutrophil, FEMAC: % 4 #8582 2 5%
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RO - ABBORTHIASBEREIRR 28 A aF L Bhmd

Parameters FEMMAC (g/kg/day)

0 1 2 3
GOT M 72,1433 672 +19 712 +£3.5 757 £3.0
(UL) F 89.9+27 989 *1.8. 89.4 £3.9 747 +£2.5
GPT M 308413 267 £1.3 28.1 +14 263 +1.4
(UL) F 26.1+1.2 32.8 +7.6 219 +08 21.1 £0.7
LDH M 1415 +243 1686 + 146 1847 +205 2724 +284**
(U/L) F 1430 + 99 1289 + 264 1426 +238 843 +943
v-GT M 0.9+0.1 09 +0.0 0.9 +0.0 0.8 +0.0
(TU/L) F 82+0.1 8.4 +£0.2 83 +0.1 83 0.1
ALP M 1535+104 1461 +83 1546 +11.5 1327 +8.0
(10/L) F 80.7+5.1 87.8 +£5.7 882 +170 803 £52
T-Cholesterol M 61.5+3.1 60.0 +4.7 62.6 +£2.0 61.7 +3.7
(mg/dL} F 449426 492 +2.7 384 +1.9 413 +6.6
Triglycerides M 693 £9.0 642 +£72 572 +11.2 64.0 =43
(mg/dL) F 541449 582 +49 476 1459 413 +66
Total protein = M 6.14 £ 0.08 6.26 +0.09 6.18 +0.10 6.50 £0.10%
(g/dL) F 6.37 £ 0.08 639 +0.11 621 +0.06 6.24 £0.10
Albumin M 317+004 3.18 +£0.05 325 +0.05 331 £0.05
(g/dL) F 3.12+0.05 2.97 +£0.07 2.97 +0.04 3.04 +0.06
Globulin M 2.96+0.08 3.08 £0.11 293 £0.10 3.19 =411
(g/dL) F 3241007 342 £0.13 324 4005 320 +0.04
T-Bilimbin M 0.14+0.02 0.15 +0.02 0.15 £0.02 0.17 £0.02
(mg/dL) F 0.12 +0.01 0.10 +0.00 0.13 +0.02 0.15 +0.02
Glucose M 766140 737 433 77.4 +4.] 93.1 +£2.8%*
(mg/dL) F 100.7 £ 1.3 99.6 +23 97.4 +2.1 992 +24
BUN M 183 +1.1 192 +1.0 18.6 £0.7 17.0 +0.8
(mg/dL) F 244+1.0 234 £12 224 12 228 £09
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Fm - (85)

Parameters FEMMAC (g/kg/day)

0 1 2 3
Creatineine M 0.44 +0.01 047 +0.02 0.46 +0.01 0.42 £0.01
(mg/dL) F 0534002 046 +002 049 002  0.53 +001
Sodium M 1398405 1412 +06 139.0 +0.4 140.8 +1.0
(mEq/dL) F 1369403 136.0 +04 135.6 +0.3 1360 +0.6
Potassium M 8.3 +0.1 8.0 0.1 76 £02%%% 67 +0.1*F*
(mEq/dL)  F 6.3+0.1 6.4 +0.2 6.0 +0.1 5.6 +0.2%
Chloride M 1063105 106.4 +0.4 105.1 04 1050 +0.6
(mEq/dL) F 104.6 £ 0.2 104.1 +0.5 103.7 £0.6 1077 +1.8
Calcium M 9.7+0.1 96 00 96 £0.1 96 £0.0
(mg/dL) F 9.9+0.1 9.9 +0.0 9.5 +0.1 99 +£02
Magnesium M 1.90 £0.06 1.87 +0.05 1.95 +0.03 2.08 +0.07
(mg/dL) F 2.11 +0.02 1.99 £0.03 1.98 +0.03 2.05 +0.05
Phosphorus M 69+02 72 +£0.1 7.1 £02 7.7 £0.1*
(mg/dL) F 6.6+0.1 6.6 +0.2 6.7 +0.2 6.7 £0.4

All values are means + S E.  *Pp<0.05, **P<0.01, ***P<0.001 compared with control group.

M: male; F: female. FEMAC: # ¥ A 458 38 BY 3 R
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RECARBORTFHIASBREERR 28 RO AR H

Dose Volume Na’ K" Cl pH Specific
(zkg/day) (ml/24 hr) (mMol/24hr) (mMol/24hr) (mMol/24hr) gravity
Male rats
Control 314+ 27 37+ 01 354+ 02 33+0.1 754 02 1.010 40.001
1 272+ 25 40+ 02 33+ 02 36+0.1 7.6+ 02 1.009 iO.QO]
2 251+ 23 46+ 03* 40+ 02 44+02** 74+ 02 1011 i—O.dOl
3 274+ 19 45+ 03* 35+ 03 42+£02*% 754+ 02  1.01040.001
Female rats
Control 235+ 14 25+ 02 26+ 029 25+£03 14+ 0.2 1.013£0.001
1 207+ 1.8 30+ 01 33+ 015 32+01* 72+ Q1 1.015+£0.001
2 186+ 19 34+ 02% 30+ 014 32402 714 02  1.014+0.002
3 225+£22 34+ 02* 28+ 013 32+02¢ 72+ 02  1.018+0.001
All values are means + S E. *P<0.05, **P<0.01 compared with control group.
& B(8 )
ose Urobilinogen Protein (mg / dL) Occult blood
(Ehrlich U/ dL)
(ghkg/day) 0 + ++ +++ - £+ b b o+ 4+ 4+ bt
01 1 2 4 30 100 300 1000
Male rats
Control 6 ¢ 0 0 9 1 0 0 0 0 9 0 1 0 0
1 0w o 0 0 9 1 0 0 0 0 110 0 0 0 0
2 oo ¢ ¢ o0 7 3 0 0 0 0 10 0 Q0 0 O
3 16 0 0 0 6 4 0 0 Q 0O 10 ¢ 0 0 0
Female rats
Control 1060 0 0 9 1 0 0 0 0 9 1 0 0 0
1 o 6 0o 0 8 2 0 0 0 0 10 0 0 0 0
2 100 0o ¢ 9 1 0 0 0 6 10 0 0 0 o0
3 9 1 o 0 5 5 0 0 0 0 100 o 0 o0 ¢
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A E(HEK)

Dose Ketones (mg / dL) Bilirubin Glucose (g /dL)
(g/kg) - S e o T T i .
5 15 40 80 160 0102505 1. 2

Male rats
Control 9 1 0 0 6 10 0 o 0 10 ¢ 0 0 o0 0

i 6 0 0 0 0 6 10 0 O 0 10 0 O 0 0 0

2 Ic 0 o 0 ¢ 6 10 ¢ 0 0 1w 0 0 0 0 0

3 0 0 0 0 0 6 10 0 0 0 10 0 6 0 O G

Female rats

Control i 0 g 0 0 0 10 0 ¢ 10 0 0 0 0 0
1 0 0 0 0 0 0 10 0 0 0 10 0 0 0 0 0
2 0 0 0 0 0 0 1 0 0 0 10 0 0 0 0 0
3 0 0 0 0 0 0 10 0 0 0 106 0 0 0 0 0
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AN ABBORTHRIBSEEHERA B ABENENPRYEE

Ttem FEM AC (g/kg/day)
0 1 2 3
Brain (g) 197 £0.03 189 £002 194 +002 192 4002
(g/100 gb.w) (0.55 £0.01) (0.54 £0.02) (0.55 +0.03) (0.5 +0.04)
1.84 +0.03 1.84 £0.02 1.84 +0.01 1.86 £0.02
(0.67 £001)  (0.67+002) (067000  (0.70 £001)
Pituitary (mg) 1035 +£0.56 995 +037  11.25 +0.40 9.27 £0.30
(ng/100 g b.w.) (2.89 £0.14)  (2.89+0.09) (316+011) (264+0.10)
1441 +036 1471051 1529 +0.49  15.05 047
(528 +010) (531£016) (559 +0.15) (566 +017)
Thymus (g) 050 £004 051 £0.02 049 003 045 +0.03
(g/100 g b.w) (0.14 £001)  (0.15 £0.01) (0.13 £0.01) (0.13 +0.01)
045 +£0.03 052 £004 046 +002 043 +0.05
(0.17 2£0.01) (019 £0.01) (0.17 £0.01) (0.16 +0.02)
Heart (g) 1.14 £0.03 113 £003 115 £003  1.18 +0.04
(g/100 g b.w.) (032 £0.01) (032 £0.00) (0.33 +0.01) (0.34 +0.01)
087 +£0.02 090 £003 095 +0.02* 085 +0.01
(032 £0.01) (032 £0.00) (0.35 £0.01%%)(0.32 +0.00)
Lung (g) 169 £0.13 174 £0.14 148 +007 165 +0.12
(2/100 g b.w.) (047 £0.03) (0.50 £0.04) (042 £0.02) (0.47 +0.04)
156 £0.06 170 2017 142 £0.06 149 +008
(0.58 £0.02) (062 £0.07) (0.52 £0.02) (0.56 +0.03)
Liver {g) 949 £033 897 029 917 +029 10.07 +0.29
(2/100 g b.w.) (267 £0.05) (260 £0.05) (2.57 £0.05) (286 +0.04%)
791 £0.19  8.03 +024 778 +0.18 738 +0.18
(290 £0.07) (289 £0.05) (2.84 £0.06) (2.78 +0.06)
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Spleen (g) M  098+003 091 £008 078 +0.04* 0.87 +0.05
(8/100 gb.w) (026 $+0.01) (026 £0.02) (022 £0.02) (0.25 +0.01)
F 039 £003 063 +003 062 002 059 +0.0]
(021 £0.01) (023 £0.01) (023 £0.01) (0.22 +0.00)
Kidney (L;g) M 120+004 108 +0.04 1.16 +0.03 127 +0.02
(2/100 g b.w.) (033 £0.01) (0.34 £0.01) (033 £0.01) (036 +£0.01%)
F 088 +002 092 £004 089 +009 090 +0.01
(032 £0.01) (033 +001) (032 £0.03) (034 +0.00)
Kidney R;g) M 121+004  1.16 +005  1.21 £002  1.30 +0.03
(g/100 g b.w) (034 £0.01) (033 £001) (034 £001) (037 +0.01%)
F 092 £+002 098 £0.04 101 +002 094 +0.02
(033 £0.01) (035 £0.01) (0.37 £0.01*) (0.35 +0.00)
Adrenal (L, mg) M 272+ 1.0 25.0 +1.4 262 £0.9 200 +1.6
(mg/100 g b.w.) (762 £0.30) (726 £039) (732 £024) (8.31 +0.44)
F 373 +12 379 +1.2 407 £0.9 37.2 +13
(13.7 £041) (137 £0.52) (149 £030) (14.0 +£0.52)
Adrenal (R; mg) M 24606 232 +12 250 £1.0 265 £1.3
(mg/100 g b.w.) (6.871+0.22) (672 £032) (7.00 £026) (7.56 +0.39)
F 324 109 335 13 362 £16 313 1.1
QL90 2031)  (1210£043)  (1325+0.55)  (11.76 £0.39)
Testis(L;g) M 1814004 185 +004 182 +£002 182 1003
(g/100 gb.w.) (051 £0.01) (054 £0.02) (0.51 £0.01) (0.52 £0.02)
R;8) M 1754004 187 £005 182 +002 184 +003
(/100 g b.w) (0.50 £0.01)  (0.54 £0.02) (0.51 £0.01) (0.53 =+ 0.02)
Prostate (g) M 065+002 063 £004 068 £004 068 +0.03
(g/100 g b.w) (0.18 £0.01) (018 £0.01) (0.19 £0.01)  (0.19 £0.01)
Seminal vesicle M 0.73 £0.03 0.71 +£0.03 067 +£0.03 0.81 +0.02
(g/100 g b.w.) (020 £0.01) (021 +0.01) (0.19 £0.01) (0.23 +0.01)
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Uterus (g) F 049 +£0.03 050 £003 062 005 054 +0.05
(g/100 gb.w.) (0.18 £001) (018 +0.01) (023 £0.02) (0.20 +0.08)

Ovary(L;mg) F 704 +36 740 +2.1 76.0 +3.8 76.0 +2.1

(/100 mg b.w.) (258 +0.12) (267 £007) (278 +0.14) (286 +0.08)
(R; mg) 757 +29 712 £2.0 76.0 +£3.7 76.8 +3.2

(¢/100 mg b.w.) (278 +0.11) (258 £0.07) (278 +0.14) (289 +0.11)

All values are means + S E. *P<0.05, **P<0.01 compared with control group.
() relative weight; b.w.: body weight; M: male; ¥: female; L: left; R: right,
FEMAC: B ¥ B4 E 8 X8R
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Ft -RZASGUBEERRHABHAEINLE

Urine volume (ml)

FEMAC (g/kg)

Control 0.5 1 2 '
0.5 hr 136 +0.28 0.22 + 0.14** 0.18 4 0.18** 0.09 + 0.09%*
1.0 hr 2.18 +0.27 0.64 £0.16%%* (03440, 18%** 0.30i0.19*f’*
2.0 hr 2.61 £0.50 1.03 £ 0.14* 0.91 +0.29* - 0.65 +0.16%*
3.0 hr 3.17£0.36 1.79 + 0,18** 1.35 4+ 0.21%* 1.04 + 0,]13%%*
4.0 hr 3.34 4034 2.13 £ 0.10%* 1.74 + 0.28%* 1.40 +0.27%*
5.0 hr 3.42 +0.33 2.53 £0.18 2.19 £ 0.22* 1.57 + 0.28%*
6.0 hr 3.63+0.19 3.184.0.33 242 +0.46* 235 4+ 0.3]%*

All values are means + S.E. (n = 7). ¥*P<0.05, **P<0.01, ***P<0.001 compared with control

group in the same period.

FEMAC : # % B 4 33 88 B Rl

AN -HIRGHERERAYREATR TR TLEHBE

Drug Dose Na K Cl :
(gkg/day)  (nmole/100 &/ 6 hr) (nmole/ 100/ 6 hr)  (amole/ 100 g/ 6 hr)
Contral 015003 024004 014 £ 0.03
FEMAC 05 021 0.03 028 +0.03 021+ 0.03
1.0 020+ 0.03 0273003 0.18+003
20 039 4 0.05%* 0.38 + 0.02%* 031 +0.05%*

All values are means £ S.E. (n=7). **P<0.01 compared with control group
FEMAC ' ¥ A4 MRS RRE

32



A HERSKUBHERRYABABLEF AR EBTERCREY

p 2
MDA (nmol / mg protein)
FEM AC (g/kg/day)
Control 1 2 3

Brain cortex 1.5+£0.1 13401 1.1+0.1 14+01
Striatum 23402 24+02 21402 25103
Hipocammpus 27+02 31£02 1.7+ 0.1%* 180 1%*
Brain stem 26202 2607 21+£02 26+02
Cerebetlum 26408 2.9+03 29402 2.940.1
Plasma 11.8+0.6 11.4+006 107+ 0.5 122+12.

Al values are means = S.E. (n = 10). **P<0.05 compared with control group.

FEMAC ' # ¥ R4 H e ik
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AT HEASBESERRAARSBERTRRCRERLR TR A

EOREROVE
Drug Dose MDA Glutathione Protein
(g/kg/day) (nmol/ mg protein) (umol / g tissue) (mg / g tissue)
Kidney |
Control 211010 1.0+ 0.04 1307+ 2.5
FEMAC 1 227+021 093 +0.07 1308+ 8.4
2 1.86 £0.09 1.08 +0.05 1293+ 4.0
3 2.19+0.12 0.97+0.03 1241+ 2.3
Heart
Control 1.46+0.18 0.76 £ 0.03 1043 +2.8
FEMAC 1 1.73+0.10 073 £0.03 1028+£23
2 1.63 £0.15 0.65 +0.04 105.6 £ 2.1
3 1.74 £ 0.12 0.64 +0.04* 1037 +2.3
Spleen
Control 0.97+0.08 1.18 £ 0.11 196.7 4.7
FEMAC 1 1.14 £0.11 1.14+0.11 193.7+54
2 114011 1,30 £ 0,05 174.5 £4.8%%
3 1.06 + 0.08 1.43 £0.05 1724 £ 3 3%%*
Testis
Control 2.14+0.12 3.05+004 104.7+13
FEMAC 1 1.83£0.19 3.08 £ 0.04 1026+ 1.4
2 2.19+0.11 3021004 103.1+£1.0
3 20010722 3.06 £0.03 1062+ 1.0
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&+ (#8)

Drug Dose MDA Glutathione Protein
(g/kg/day) (nmol / mg protein)  (umol / g tissue) (mg / g tissue)

Brain
Cortex

Control 1.48 = 0.10 0.83 £ 0.04 824+19

FEMAC 1 129+£0.13 0.87 £0.03 874+3.1
2 1.14+£0.14 0.88 +0.04 32.1+1.9
3 144 +0.14 0.97 £0.03%* 80319

All values are means + S E. (n= 8) *P<0.05, **P<0.01, ***P<0.001 compared with control

group.
FEMAC © 3 4 4 3 35 B B BUR
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At HTASBEFEIRRGAR L aKRALERGBE

Drug  Dose MDA GSH SOD Catalase . GSH-Px
(g’kg/day) (nmol/ (umol / U/ u/ (u/
' mg Hb) mg Hb) mg Hb) mgHb)  mg Hb)
Control 1.11£0.05 260128 2060+ 1229 45401 0971003

FEMAC 2 1.23+0.05 423 £ 1.6%*%*  33204316%* 47402 111 +0.04*

3 1174011 475 £3.9%%% 3266+ 289%*% 434+02 .12 £0.01%*

All values are means + S.E. (n= 10) *P<0.05, **P<0.01, ***P<0.001 compared with control

group.
FEMAC @ % B 4 34 B 2 BUR © Hb: hemoglobin

At BEASHEHERBRYARNBRACELGEE

Drug Dose MDA GSH SOD Catalase GSH-Px
(g/kg/day) (nmol/ (umol / (U/ U/ U/
mg protein) mg protein) mg protein) ‘mg protein}  mg protein)
Control 30£03 1.79 £0.02 6.74 £1.21 13.5+£04 9464 + 21.1

FEMAC 1 24x02 1.79 + 0.06 6.10+1.58 128+07  9588+233

2 24403 1.96 +0.03** 73554125 157£07*  9704+223

3 33:06 1.89£0,04* 7.10+147 149+03* 9656+10.1

All values are means + S.E. (n= 8) *P<0.05, **P<0.01, ***P<0.001 compared with control
group.
FEMAC ® % B %8845 8 X BUR
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Drug Dose Lactobacillus Clostridium perfringens
(g/kg/day) (CFU / mg stool) (CFU / mg stool)
Control 4109.2 + 880.1 9629.7 + 3412.7
FEMAC 1 3585.1+ 502.4 49150+ 931.9
2 81857+ 1527.3 149915+ 3648.3
3 9859.6 + 1863.8* 14716.6 + 3173.0

All values are means + 8 E. (n= 8) *P<0.05 compared with control group.

FEMAC : # ¥ % 8% » CFU: Colony forming unit

Ao BXRASEESERIUREHBERACBREURE

FEMM AC (g/kg/day)
Control 1 2 3
Maltose (U/g protain)  1084.0+547  950.9+63.0  12260+649 1121.3+74.0
Sucrase (U/g protain) 1026+ 145 1209+ 163 129.03 +21.9 108.0 +24.1
Lactolase (U/g protain) 26407 43+08 47+16 21£05
Lipase (U/g protain) 611.2+189.0 4954+ 1852 2939+378 34671925
LAP (U/g protain) 9163+482  8491%662  1131.8+1243 93294585

All values are means + S.E. (n=7)

FEMAC ® ¥ 3 s M4 B B0k 0 LAP:

Leucine aminopeptidase
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AZORSENVE
Drug Dose MDA Glutathione Protein
(g/kg/day) ( nmol / mg protein) ( umol / g tissue) (mg/ g tissue)

Stomach

Control 0.91+0.06 1.32£0.20 89.7x24

CMAC 1 1.04 £ 0.07 1.69+0.30 88.7+14

| 2 1.04 £ 0.09 1.8040.23 91.7+28

3 1.11 £0.09 1.93 £0.10* 101.2 4 4 4%
Intestine

Control 1.28 £0.07 012+ 0.04 653+ 3.6

CMAC 1 1.02 £0.07 038+06.14 767+ 3.3
2 1.18£0.11 035+007* 625+ 2.3
3 1.32+0.16 0.45 + 0.08** 736+ 5.1

All values are means + S.E. (n=7). ¥*P<0.05, **P<0.01 compared with control group

FEM AC © # 2 B 4 B35 B 3 BUR

RTXA - MEE4BRBESIREZHALEIGE BT

Drug Dose Volume Acid Output
(g/kg/day) (ml/ 100 g/ 4 hr) (LEq/ 100 g/ 4 hr)
Control 6.0+06 3483+49.7
CMAC 1 51+06 2727 £34.1
2 2.6 £ 0.6%* 108.1 4+ 34 1%*
3 1.1 3 0,3%x* 16.2 £ 5. 5%**

All values are means £ S.E. (n=9) **P<0.01, ***P<0.001 compared with control group.

FEMAC : #% B #8854 5 BBk
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Drug Dose Gastric empting Intestinal motility
(e/kg/day) (%) )
Control 578138 553+24
CMAC 1 70.7 £3.2* 728+7.1%
2 73.0 £ 0.5%* 72.0 £ 4.9*%
3 559+338 589+25

All values are means + S.E. (n=9) *P<0.05, **P<0.01 compared with control group. -

FEMAC ' # % & 4B B £ R
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