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This study was designed to estimate the ability of squalene treared mice to eliminate systemica-
{ly infected bacteria and fungi and to elucidate the mechanism.

As a result of measuring the ability to remove systemically infected bacteria and fungi, The
ability of mice 10 remove the organism was found to increase in squalene treated mice when
compared with control mice. And also the ability of phagocytic cells to produce Reactive Oxygen
Intermediate(R.O.1) increased in squalene treated mice. When the NADPH oxidase activity
that make R.O.I. produce was measured, the activity increased in squalene treated mice, too.

Therefore the good clearance of live organism in squalene treated mice is likely to relate to
phagocytic cell activation. The activation of phagocytic cells might be mediated via the increased
production of R.O.I due to the increase of NADPH oxidase activity.
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1. MERELY

Btk S—oelile, ¥8FE 17~2182 Balb/c male
mouseE LER FEAIZIFE, s~100t2]E 18fe =
EHE] W AHEsIATt

2. mBEMAFY

Squalene : Sigma Chem.Co.(U.S.A), Staphypo-
cocus aureus(ATCC25923), Escherichia albicans
(ATCC), Mannitol agar : Difco Lab.(U.S.A), Ma-
cconkey agar - Difco Lab.(U.S.A.), Sabouraud dex-
trose agar : Difco Lab.(U.S.A.}, Sodium thioglycol-
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late : Sigma Chem.Co.(U.S.A.). Phorbol myristate
acetate(PMA) : Sigma Chem. Co0.(U.S.A)), Lumi-
nol : Sigma Chem. Co.(U.S.A.), Lucigenin - Sigma
Chem. Co.(U.S.A.), NADPH : Sigma Chem. Co.
(U.s.AD.

3. MERIEHR
Luminometer(LB9505, berthold) Spectroflucro-
meter{ SFM25, Kontron instrument)

4. HEEye| @R

Squalene2 sigma chemical co.(U.S.A)ZRE
FYRRoY, £xE 98~100% =4 1meF °F 0.
86921 RL ALE-3IRTE.  Squalene®] HRE
moused 0.1m¢ R 0204 WEETF AR,
Bl D.WE 0.2mé4] 15437 #HEFYTH

S. MEY X MEEERM2 B

1) Staphyloccus aureus @ Gram BEHERE S 232 K
e EXNMEES o1FE ®e sl S.aureus
(A ATCC 25923)8& EM3HA.27, brain
heart infusion broth®ll 37ColA] 28%] IZERI £
1X 10’ Colony forming unit(e]3} “CFU"2 ZE7)
B 28RS B EE A EHEFIAT.

2) Escherichia coli | GramfEHER O == BPI IE
HABERES ol% e ® 1Y E.col(BEHSERK
ATCC 25922)% {EA3I% 29, brain heart infu-
sion brothell 37ColAl 20%R] RS 4£E 1X10
CFUE &HRRe B e N EHIIAT.

3) Candida albicans ! HE 2 2+ BHARN 4
sty HEEBES SRl C.albicans® (EA 3
2.1, Sabouraud dextrose brotholl 37Tl A 248%
f RS AEAE 1X10° CFUS SH%Re B3
A pEEW ES SR T

6. LM =R

FEEREI PO B HD-& RERAIZL 24507 kol Rk
X713 FERE, PR R B SolA Laste 2AE
@ o2, 2 9 AL F 3+ phosphate buffered sa-
line(PBS) °! homogenation*1 A}, ¥WHE{(E K&
PBSE 10¥} #E o, 2% 9 02mE H3bo s,
aureus, E.coli, C.albicans& 4 T&E371 93}
Mannitol salt agar, MacConkey agar, —12]3! Sa-
bouraud dextrose agar?l pour plate technique <&
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7. Veronal buffer saline(2|5t VBS)=| A

8.3g NaCl, 0.029 sodiumbarbital, 102mgMgClL,,
22mg CaCl,, 200 mg glucos, IN-HCI 3.5m¢E 150
me2] FF{5o FolR toral volumed 200me= gt
At o] B 40meE FH3h 180mee] 2R} B HF S
Z}8t3 IN-HCIZ pHE 7382 @&£r}18 rotal vo-
lumeS 200me2 Yri=of FEH A3t

8. A RMiELl R MM FRMWIE(ROI : Reac-
tive Oxygen Intermediate) 2| 4RCEE RITE

1) &8 aamER ke HE

Beipo)] Y oh9 2 Wimel] e 45% Bre-
wer's modified thioglycolate medium 3m¢-& =&t
3t 248%R F-ofl PBS(pH 7.4) 2 M-S A} 23l
Wz BmIRY F -3 peritoneal exudate cell
(PECHE ¥%vh. PECE A71e PBSE 400X9¢
oA 1083 WHE sl 28] A HE F VBSe
1.5X10° cells/300u27} Sl=2 HABF F chemilu-
minescence(CL) & Bz st o).

2) Kf&#HE(Macrophage) 2] ¥

Eyol wEE uleso) fEisol O 45%
Brewer"s modified thioglycolate medium 3mé-& iE
#t3t3 390 F-of PBS(pH 7.4 = WS Ao
AR 8BS PECE €Uk PECY: PBSE
23 MEF VBSol 1.5%X10° cells/300ué>} Sz
ARty CL& A3

3) Lucigenin®l 213 &€ CLS Bl

Veronal Buffered Saline& ©]-83 1.5X10°cells/
300ufE A E PEC @ME B ES Luminome-
ter (LB 9505, berthold) Y ol 4] 37C& 15~30& &<t
preincubation A1 F O, F FIEE 4 A Chemi-
luminigenic probe?! 10mM<] Lucigenin 10ué&
FPsln wEE AIAF SHE ampt A&
BmE A3IA1" £ Q& 5.3uM phorbol myristate
acetate(PMA) 10ulE FL3taL 37C E#EANA <F
60%-7t CL& HlER

4) Luminol®ll 21&) F:FE CLS] HE

Veronal Buffer Saline& ©]-838l 1X10° cells/300
ez BPA PEC BAHE (PHA-S Luminometer
(LB 9505, berthold)WalA 37C= 15—308 3
preincubation A1 ¥ H.0.& MEY + U= che-
miluminigenic probe%! 10mM=2} Luminol 10u¢&
AEASII LRIEAI T F S amERG: A A
Mg AFAE 5 A& 5.3u¢ PMAE HAST 37
THELEAN A oF 60T CLE RIER.
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L= grol ] Ry el Ul RS squalenes] B2
Mg Uol B 7] 28t mouseol 15U T squalene s
S & A O 2 RBVAIFIAL ZL 24B%RE el 2}
2ol A2 RS RWHED #RE Tablel~ I,
Fig.1~99} 2t}

Table 1. The effect of squalene oral administration on the ability of Balb/c mice to eliminate systemically
infected Ecoli(1X10° CFU) at various squalene doses.

Dose Mean no. of E.coli recovered/g of organ
(ml/mouse) liver spleen kidney
(O E2mD *5440.+.400.26 1850+289.35 1950+ 96.15
0.1ml 4790+-223.15 750+ 78.71 808+ 89.80
0.2ml 4080+402.49 592+ 43.56 756+ 128.80
*Mean+S.E

*These data were calculated by the mean of five cases
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Table I3 Fig1-3& mouse™® E.coli 1X10
CFUE MW E58L5 71 24850 o AT, IR
R EFEEOl Mo EMHES RRT &Rl HiR
B B, BREE R BAENA L] Bk el &&
5,440+400.26, 1850+ 289.35, 1950+96.15%1 ¥ 0.1
m¢ squalenc PERBES) BT, MR, BRI B
4

.

o
_

CRU ( coloney forming unit )

1000

_

Con 0.1 0.2 (ml/mouse)

Fig. 1. The change of E. coli coloney forming unit
(CFU) in the mouse liver when squalene was adminis-
tered.(control, 0.1ml squalene/mouse, 0.2ml squalene/
mouse) Data show Mean+SE. *p<0.05
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Hiiel Z+2} 743413.28, 750+78.71, 808+89.802
=2, AR, Rl fEEael ¥t #fgdNE
AA4AE BER, 0208 squalenefrEBES] AT5R, B
R WA 9] @&l && 630+15.83, 238+
15.84, 202+ 5.23° 2 EFBEol A SEEE¥ Lol FFE
® AEe BAE BAG.

CPU (coloney forming undt)

Con 0.1 0.2

Fig. 2. The change of E. coli CFU in the mouse spleen
when squalene was administered.(control, 0.1ml squa-
lene/mouse, 0.2ml squalene/mouse) Data show Mean
+SE. *p<0.05

3000

CFU

Fig. 3. The change of E. coli CFU in the mouse kidney
when squalene was administered.(control, 0.1ml squa-
lene/mouse, 0.2ml squalene/mouse) Data show Mean
+SE. *p<0.05
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Table 113 Fig.4-6% mouse™ S. aureus 1X< 107
CFUE M P ogshksl =1 248869 o) B,
R 2 FRolAel ERHES MR BRI
WRREES] TR, R H WISl kol
# & 8644+37.79, 294.+37.80, 318+44.14%) ¥k 0.1
mé squalene FYEREES] HTHE, Fk R BRI

B R ) 22 820+ 67.07, 260+ 65.29, 244+ 30.00
o 2 FFE, TSN A, HERRES ¥t M-St
v EEES 913, 0.2mf squalenef¥BRBE S AT R,
R X BBl A2 ERE o] 630+15.83, 238+
15.84, 252+ 52305 FrREol A @etel sl 5 &
% A WAE B

Table 11. The effect of squalene oral admistration on the abiiity of Balb/c mice to eliminate systemically
infected S.aureus(1X10 CFU) ar various squalene doses in organs.

Dose Mean no. of S.aureus recovered/g of organ
(ml/mouse) liver spleen kidney
(DTl *864+37.79 294+37.80 3181 44.14

0.1ml 820+ 67.07 260+65.29 244+30.00

0.2ml 630+15.83 238+15.84 202+ 5.23

*Mean+S.E
*These data were calculated by the mean of five cases
1000
400

800 A

600 1

CFrU

400

200

Fig. 4. The changc of S.aurcus CFU in thc mousc liver
when squalene wsa administered.(control, 0.1ml squa-
lene/mouse, 0.2ml squalene/mouse) Data shows
Mean+SE. *pl0.05

7

CPU

7

Fig. 5. The change of S.aurcus CFU in thc mousc sp-
leen when squalene was administered.(control, 0.1ml
squalene/mouse, 0.2ml squalene/mouse) Data shows

Mean+SE.



100: / ///%//;;

Con 0.1 0.2
Fig. 6. The change of S.aureus CFU in the mouse kid-
ney when squalene was administered.{control, 0.iml
squalene/mouse, 0.2m! squalene/mouse) Data shows
Mean+SE.
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Table I3 Fig.7-9% mousc™® C.albicans 1X107
CFUE HMEE M ESSET 2 2465707 Foll e,
e, 2 BRI ML EREES WY SRl
HREREel ATEE, iR R TR A ) SEetise)
# % 810+26.56, 284+ 15.97, 362430371 wtH Q.1
mé squalene HYERF¥S] RYER, B, BEEIA2l B
& ol 2t 74241328, 15041597, 292+30.37
o= FFER, BREE, ThCl A $EEREA) v St #-2
Ae F42E EQA3L, 0.2mf squalene HRFES]
FFOE, BeA 3 Waol el EitiEo] 60444293,
278+9.57, 315+14.31%2 FFhclAl BEREE] sl
BHELE AT BAE BPo, @k R Bl A
0.1 squalene FERBPER.C} @instA ot

Table 1Il. The effect to squalene oral admistration on the ability of Balb/c mice to eliminate systemically
infected C.albicans(1X10’ CFU) at various squalene doses in organs.

Daose Mean no. of C.albicans recovered/g of organ
(ml/mouse) liver spleen kidney

Con. *810+26.56 284+1597 362+30.37
0.1ml 742+13.28 150+ 26.70 292+21.06
0.2ml 604 +42.93 278+ 9.57 315+14.31

*Mean+S.E

*These data were calculated by the mean of five cases

1000 400

CFU

/4/

Con

0.1 0.2

Fig. 7. The change of C.albicans CFU in the mouse
liver when squalene was administered.(control, 0.1ml
squalene/mouse, 0.2ml squalene/mouse) Data shows
Mean+SE. *p<0.05
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v

CFU

__

0.2

Fig. 8. The change of C.albicans CFU in the mouse
spleen when squalene was administered. (control, 0.1ml
squalene/mouse, 0.2ml squalene/mouse) Data shows
Mean+SE. *p<0.01
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Fig. 9. The change of C.albbicans CFU in the mouse kidney when squalene was administered.(cont-
rol, 0.1ml squalene/mouse, 0.2ml squalene/mouse) Data shows Mean+SE. *P<0.05

2. squalene#& 2} mouse?| EA{MIZL| R.O.I. = fFRER 2 KAl mtftel SAstE e =

sl ojxl= g AE vrRo 2 FRdine AEELE) SA5E O

M Bi= vlel #o) squalenet¥ER7) o 2 Y H,O, &ARHES ABES #4 %< Tablelv, Fig.11-13
ZEHEGHA ) mouse] Zt R T o] AW BHEHES I ot

B AR ohe AH2-e RERAY B EIssES S}

Table V. The effect of squalene administration on R.O.. production.

Chemiluminigenic probe and cell Dose integral value
control 3.16 X107
inol- s ilumi
luminol-amplified chemiluminescence o1 6.12% 107
in murine peritoneal neutrophil
P P 0.2 6.25>X10°
1 & control 138X 107
i in-: lified chemil i
ucigenin-amplified chemiluminescence o1 1.49% 107
in murine itoneal neutrophil
i periton phi 0.2 1.41X 107
control 1.54 X107
luminol-amplified chemiluminescence S
0.1 1.61X10
in murine itoneal macrophage
pert PhaE 02 243X 107
. control 5.35X107
lucigenin-amplified chemiluminescence .
0.1 6.48X 10
in murine peritoneal macropha
pert phage 02 7.04X 107
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Fig.10& thioglycolatc 2 #FiH ¥ (T -hERE PMA
2 Asgoz A AR H.0.8 Luminol® RHE
AA AZE RESRIET RERES S8 K
B E7FE CPM¥LR 60%-7F AIES curved]
28 BRI T Intergal value?} ¥IMERE-ES 3.16
X10'A0 WA, 0.1mf squaleneiFERAE-ES 6.12X 107, 0.
2mé squalene HYEABE-S 625X 1072 H{EEEfe] u]s)
wisle EAEE 2o

80

chemiluminescence (CPM X 106)

control

O.1ml 0.2m1

Fig. 10. The effect of squalene administration(0.1ml,
0.2ml/mouse) on the R.O.1. production. Animals were
given orally for 15 days. This represents effect of squa-
lene administration on lumimol-amplified chemilumi-
nescence of murine peritoneal neutrophil.(thioglycolate
induction ! 1 days). Significant increment was shown
in mice treated with 0.1lml and 0.2ml/mouse.

Fig. 112 thioglycolate . #FEH B {FHEKE PMA
2 2AFo 2 A £aE 08 lucigenin® FIHEA] A
<7 ¥ RERERE 7T REEHRAER SAaA] e
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ETFE CPMErEZ 60¥3r REY curved] 28
B @& ol ol Intergal value”}t $BE8¥-2 1.38X< 107
21 w3, 0.1m¢ squalene #FERB¥E 149X 107, 0.2m¢
squalene IHIBFS 141X 1072 #EAPEC] w)s) B
kel 7 gixdvh

0.2m1

control 0.1mt

Fig. 11. The effect of squalene administration(0.1ml,
0.2ml/mouse) on the R.O.I. production. Animals were
given orally for 15 days. This represents effect is squa-
lene administration on lucigenin-amplified chemilumi-
nescence of murine peritoneal neutrophil.(thioglycolate
induction : 1 days).

Fig. 12 thioglycolate = ZFHE w2 i=xg
PMAZ #A=#Ee gz £KT H,0.& Luminol#
RIEAMA o718 KEFMEEZE BERES 514
BT EFE CPMBELR 6023 RIET curved]
288 B mBRol ol Intergal value?h HHIRBELS 1.54
X107, 0.2m¢ squalene IFEABES 243X 102 HFR
Bl ¥ Whndle HEE Bch
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shemiluminescence (CPM X 106)

20 1

control

Fig. 2. The etfect of squalene administration(Q.1ml,
0.2ml/mouse) on the R.O.I. production. Animals were
given orally for 15 days. This rcpresents etfect of squa-
lene administration on lumimol-ampilified chemilumi-
nescence of murine peritoneal macrophage.(thioglyco-
late induction ' 3 days). Significant increment was
shown in mice treated with G.2ml/mouse.

Fig.13-> thioglycolate2 #FHHE wAHdxg
PMAZ A3 eo g4 £m8% 0,8 lucigenin® K
HEAI A o713 RKE-hRassrr EIKREZ =519
M BFE CPME(LZ 60 #IE S curved]
Zf8 FmoEMK 1T Intergal value”t ¥{888¥S 5.35
X1’ v, 0.1mf squalene REREL 648X 107,
0.2m¢ squalene ¥¥ERTE-S 740X 107 = HHER Bl vl 3l
gmEheE Mg 2ok
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40 7

chemiluminescence ( CPM x 106)

2()J

conuol

0.1l 0.2m

Fig. 13. The effect of squalene administration{(0.1ml,
0.2ml/mouse) on the R.O.L production. Animals were
given orally for 15 days. This represents effect of squa-
lene administration on lucigenin-amplified chemilumi-
nescence of murine peritoneal macrophage.(thioglyco-
late induction . 3 days). Significam increment was
shown in mice treated with 0.1ml, 0.2ml/mouse.
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Relative Emission

Fig.159 2] ¥ izwleol #ro] Squalene #ELFENAM
NADPH oxidasesl] 2}&] NADP~} o] 47 1= A

100 4

80

60

o T T T
-3 20 a0 60 -]

{ nmol ) NADP

Fig. I4. Effect of excess NADPH on standard curvces.
The circles represent standards without excess NA-
DPH, the triangles represent standards standards with
200 nmol NADPH. The horizontal axis denotes conce-
nirations in terms of nmol NADP added to the 1ml
incubation volume. The vertical axis is in arbitrary
units . meter readings of the fluotometer expressed as
percentage of the higest meter reading. Values represent
means of rtriplicate determinations.
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Squalene- FHigdo] kol S Aol 11 F
8ol MFEAMSE HRSEIDZ U]
At} ol squalene©] HMMEE, ¥R, ML S
BEZE AT 917w Fol vt BESey sFiEs glch
ohel #igol A et vbel 70| squalene?) ¢F 2
Rz HF BT} squalenee] A Aol BHELE
Br7eE7r @wd AW F A U
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o 2 Hol ol vl NADPH oxidase2] &t
ol FVg ez & F AU

100
a0 4
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M
~ 60 4
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=]
& 4
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= o
o
=z
=
20 -
]
° ¥ v v v
° 200 400 600 a0o

NADPH ( M)

Fig. 15. NADPH oxidase activity of 27000 g granule
fraction in mouse PMN (polymorphnuclear leukocytes)
sonicate. The squares represent fraction isolated from
control group PMN, rriangles traction from 0.1 ml
squalene treated group, circles fraction fro, 0.2 ml
squalene treated group. 100ug protein was used in as-
saying 2700x g granule fraction. Values represend
means of triphicate determinations.

Squalene®] mouse2] A TF FA&o) v B
2533 mouse?) HAME ® TF7 2 ROI Ad%F
2 NADPH oxidase 885 & RES #H RS Table
I ~ 1, Fig.l1—~9°14 B upe}k ol squalenedt
gRprel 2b BRES(FEME, BERE, TR AisRAI]
87+ E. coli, C. albicans5 2] A A&} C. albicans
B Al 7] mouse®] spleen, kidneyWt BRA-3F3L o A
Mo @WAshs @EmE B ATh o)== squalene©l
iRl & 2o HES Hode HhERR
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Aol YiAE WSS BT w2 MAEe g
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