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SUMMARY

I. Title
Development of a method to measure the potency of conjugated

linoleic acid(CLLA) in pig.
II. Objectives and Significance

The demand for producing lean meats 1s Increasing due to a
possible chronic disease arising from animal fat consumption. It has
been reported that conjugated linoleic acid(CLA) has many beneficial
effects including anti-carcinogenic, immune-stimulating and anti-obesity
effects. Thus, many studies trying determination of anti-adipogenic
effect of a dietary CLA in livestock and human have been conducted.
However, most of CLA studies conducted so far used mixture of
various CLA isomers, instead of individual isomer. As a result, it was
not possible to identify which i1somer has a specific anti-adipogenic
effect. Recently several pharmapseutical companies have launched
manufacturing CI.As chemically. The objectives of the current study are
as follows
1} to identify CLA isomers which has an inhibitory effect in

differentiation of cultured adipocytes.

2) to determine if the CLA isomers, which showed an inhibitory effects
on the cell differentiation, have anti-adipogenic effects in pig when
supplied via diet.

3) to establish a method to measure a potency of CLAs by correlating

the results from cell culture with those from pig growth trial.
. Research Scope

The objectives of the current study were to determine effects of
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CLAs on differentiation of fat cells and to investigate if the CLAs that
showed an inhibitory effect on fat <cell differentiation have
anti-adipogenic effects in pigs, and to establish a method to measure
the potency of CLAs by correlating the results form the cell culture
study with those from a growth trial with CLAs. Employing 3T3-L1
cells, effects of kinds of CLA isomers, treatment time and CLA
concentrations on cell differentiation were investigated. The effects of
CLAs on muscle cell(l.8) were also studied. CLA isomers, which
showed an inhibitory effects on fat cell differentiation, were used to
study the effects of CLAs on triglyceride(Tg) content and lipoprotein
lipase(LPL) activity. Lastly, CI.As that showed an inhibitory effects on
fat cell differentiation were fed to finishing barrows for 4 weeks to
investigate if CILAs have anti-adipogenic effects. Items measured were
growth performance, backfat thickness, fatty acid composition of
backfat, lipogenesis and acitivities of lipogenic enzymes, lipolysis and

blood cholesterol.

IV. Results and Recommendations

1. Results

1) Effect of conjugated linoleic acid (CLA) on differentiation of
preadipocyte(3T3-L1 cell)

The current study was conducted to determine which CLA isomer
has inhibitory effect on differentiation of 3T3-L1 cell. Cells were
plated 6 days before induction of differentiation on the 6-well plate and
degree of differentiation was determined by measuring
glycerol-3-phosphate dehydrogenase(GPDH) 8 days after induction (day

8). The CLA isomers employed for the current studvy were
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Iecis-1lcis(9c-1lc), 9cis-11trans(9c-11t), Otrans-1Itrans(9t-11t),
10trans-12¢cis(10t-12c)and CLA  mixture (CLAmix, containing 44%
10t-12¢). CLAs were treated pre-induction(day-6-0), post-
incuction(day0-6) and the whole period(day-6-8). The action of 10t-12c
and CLAmix for inhibition of cell differentiation was higher than the
other isomers and inhibitory effect was higher on day 0—8 than day -
6~0. The effect of 50um of CLA was higher than that of 20uM CLA
in inhibition of cell differentiation. On the other hand, 9c-1lc increased
differentiation of 3T3-L1 cells. Effects of other CLLA 1somers were

minimal.

2) Effect of CLA on diferentiation of muscle cells(L8 cell)

The current study was conducted to determine how CLA affects
differentiation of L8 cells differently, compared to 3T3-L1 cells. It
would be ideal if this study can identify a CLA isomer which may
increase differentiation of muscle celis while decreasing differentiation of
fat cells(3T3-L1). The muscle cells(L8) were plated 2 days before
induction of differentiation on the 6-well plate(day -2) and the
differentiation were determined by measuring activity of creatine
kinase(CK) 6 days after induction (day 6). Like the action on 3T3-L1
cells, 10t-12c and CLAmix inhibited differentiation of cells more than
the other isomers. The inhibitory effect was bigger on post-induction
period(day 0~6) than on pre-induction period(day-2-0). Interestingly,
9c-11c which stimulated differentiation of 3T3-L1 cell, decreased
differentiation of L8 cells. These results indicate the mechanisms by

which CLA affects differentiation of 3T3-L1 and L8 cells are different.
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3) Effect of CLA on triglyceride content and LPL activity

The previous study confirmed that 10t-12¢ and CIlL.Amix decreased
differentiation of preadipocyte(3T3-1.1 cell). The current study was
conducted to determine the effect of CILA on triglyceridetTG) content
and lipoprotein lipase(LPL) activity of 3T3-I.1 and pnmary fat cell
isolated from the new-born pigs. 10t-12c and CLAmix decrcased TG
content and LPL activity of both 3T3-L1 cells and pig preadipocytes.
These results indicate that dietary 10t-12c and CLLAmix may decrease

adipogenesity of finishing pig.

4) Effect of CLA on adipogenesity of finishing pigs

The current study was conducted to determine if 10t-12¢ and
CLAmix which showed inhibitory action on differentiation of
preadipocyte decrease adipogenesity of finishing pigs. Fifteen barrows
weighing ave. 80.9kg were employed, five being allocated to the control
(corn-soy diet containing 14% CP), five allocated to 10t-12c(0.5%
10t-12¢ containing diet), and five allocated to CLAmMIix(0.5% ClLAmix
containing diet). Pigs were daily fed 3.15kg for 4 weeks. Body weight
and feed intake were measured biweekly, and ultrasonic backfat
thickness was measured at the end of experiment. Backfat was
biopsyed for the measurement of fatty acid composition, lipogenesis and
lipogenic enzymes and lipolysis at the end of experiment. Blood was
collected at 0, 2 and 4 week for the cholesterol measurement.

Average daily gain and feed efficiency were tended to higher in CLLA
groups than in the control group and backfat thickness was higher in
CLAmix group. The contents of fatty acids, 10t-12c¢c and 9c-11t of
adipose tissue were higher in 10t-12¢ and CLAmix groups, compared to

the control. There was no difference in lipogenesis among treatments,
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and activities of malic enzyme and fatty acid synthase were higher in
the CLA ftreatments groups. Lipolysis of adipose tissue was tended to
higher CLA treatment group. The ratio of HDL-cholesterol and
total-cholesterol was higher in CLA treatment groups.
The results of this study were summarized as follows :

a) 10t-12c and CLAmix which were found to show the inhibitory
effect on the differentiation of preadipocyte did not have anti—adipogenic
activity in finishing pig when CLA was provided via diet. Backfat
thickness, lipogenesis and activity of lipogenic enzymes of CLA groups
were higher or similar, compared to the control group. These results
indicated that it is difficult to reduce adipogenesity of pigs by suppling
CLA via diet. It was not possible to establish the method by which the
potency of CLA isomers is easily determined via the cell culture
system because there was no high correlation between the results of
cell culture and those of feeding trial in regard to CLA actions.

b) The 10t-12¢c isomer inhibited differentiation of both fat cell and
muscle cell. Interestingly, 9c—1lc stimulated differentiation of fat cell
while inhibiting differentiation of muscle cell. More research Wﬂl be

necessary to investigate the action of 9c¢c-11c isomer.
2. Recommendation

The major finding in the current study was that CLA isomers which
showed the inhibitory effect on adipocyte differentiation did not have
anti-adipogenic effect in pigs when supplied via diet. Even though it
was not successful to see a high correlation between in vitro cell
culture data and data from growth trial, the finding that “It is difficult
to reduce adipogenesity of pigs by supplying CLA via diet.” is
significant. It will be desirable to supply the results from the current

study to all the parties interested in CLA actions, such as feed



company, CLA producers, and pig farmers. On the other hand,
laboratory techniques obtained during the current study, including
culture of 3T3-L1 cell, L8 cell and pig primary fat cell will be a good

tool for all the researchers in this area.
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#F Tg PHAsHA ZAN Ostrowska 5 (1999)9] A-rz7A A& goksyd
o33 Zuh 1) CLAS o2 %, AMRF 0125 ~ 1% WA =5
CLAT® AWE%3 AA%e-g et 2) el AAa&s 7Ade) oA
Heg g4 s AA FAT. 3) ALl AAHAE Holepir F
FEIVE CLAS] A&2 AA g go] g 7112 sdsta gkt soltt.
Aol A e dfar N5 AAG8S CLAY o F=ed #&ojil
ool AL Axre] AF oz ol&H diic niwrolAe] o3 AW o 7P
Fol A= Aol AL m7] Aol yhgstrw CLAS XWAxZ F24 R
At ol vl A g T AWEH A v G Hube] Wit
A8 FaAdel AAY. Park 5 (1999) CLA <l AHFNA trans
10 - cis 12 CLAZ} 3T3 L1 cellel LPLe] &3 FHAA714, T3A%WY
&S F/PNF LY cis 9- trans 11 CLAT 919 AYEHAdA0A &
o] stk Ak AF7A lE B CLA 338 AF7F ddold Azt
obd o2 olF A7t 42 CLAE A&V o= o]dxr7t SAHZES
7tAE AIE #AJdte el &ErtEsiY. shEel G Fgelvt UA 9]
A34F232 A CLAZE AFEE 2% i o4 A 288 s I+
k= Aol Fgdot. 32 3T3 Ll Cell o] 83 H3ldl A Satory®t Smith
(1999 CLAZF MEZAHE AAs 2, AEFss 328G Lagoh
$H Brodie % (1999)& preconfluent®} postconfluents FE3 A 3=3§ 3}
Aol CLAZF 3T3 L1 cellel 35 =25 dAAAwR, JFHL
preconfluent Al7]ol Ayt &3t postconfluent Al 7)ol Al 1= o} F z}.8 o]
AT A At ARE B Fu Yo 2Bl AR CLAZE o
o] d A o] mixtureA 7] W E-ol CLA olAgAlel o] tb& Aol td F
el YR olfFan Aol Aot ol AAFolA A o KA CLA ©

HAE ARATE T4 EE ESE AAMSHEA? EE ARSI B
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e Aa Fole ok olgArt O ASARTE X T TRl H2d)

eto g 3} A el HM o] 93 (Chen %, 1999 ; Eulitz 5, 1999) £+
CLA A st 349 gene FZroll 23] 2] £72 CLA oA
7b A giFe g A" 4 Q3 E olAe] A HFHMA E
7tEe] AR HETMAIR o] &9 M5l AAHTE I 2R 3t A ofr]
CLAE A4tstn gp a9d) o= CLA isomer £ o= FHAloA A
T 54 batchd CLAZ 7IFoA 8498L o ARHHE& A= A
A& AEEA EA-HsE wwye siZeo] AAdsith dvsy AN
717F A &

P

i

&'74

CLAE 100 ~ 200 ¥ s{=AE o]§3A 2744z 44
WEeolth agla el AFE 2R A7 S0 dtd 2HE BYly, 2

ol
o
2

93 AFAA 8¢ BE ATFSo] FFHLE CLAY HEL T
2R aRA B AFHE 1) AWAE WPl A o= CLA o4
BIE SAAFEAS FUHD 2 ATAY AFNA A
AAE CLAE SANA Folshd AAAA AYEHS dAseAg 7
W 3) AZNE L AFLY AHE FFHA snxlow CLA 97t
3 ge $Yse 9

F{E O_u OE
2
N
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M 2% CLAZI 3T3-L1 cell®]
==2toll ojx|= d&

Primary cell2 Aeolle & £ B wHokstar Al <
o] E7tsetEE, A4 tankdl cell& BT F A3 A9 FdHoz A
g = A+ cell line HEE3I A7 AHEslE A0 29 1%
A 3T3-L1 cell AWAZ 3ol A7E s FEASHA ol 852 g
< cell line®] tH(Greend} Kehinde, 1974 ; Loffler®} Hauner, 1987). & <
FA AT 3T3-L1 cell2 6-well platecll seeding3f Al ¥ 3}(differentiation)
7HA A2l CLA o] ZAS A8 FXx, o8 A7l AHA #A o= o]
AAZE AEAEe] FEE A B F/MATIEAE FHEEE Aol FEH
Aoy, AFA M ZF 2 (proliferation)# 3 (differentiation) S uw}=
ZIEBAE LA d¥AAAE & EYsrt o899 qriAs g4 7]
Fia=

i
frt
1
i
P

A 128 As 2 4

1. CLA ¥4 @ gz

CLA¥  Matrerya(Pennsylvania, USA)®ll T9gev  dimethyl
sulfoxide(DMSO)Z 50mM =2 A 3|A Ny gas® ZZ3[A -70T A
BAFY. 6-well plate?} 1 well @ 2mlS FH3 22 mediaE 8 o
2ul®] 50mM CLAE H7lsiAd 50uMel %71 94 @A dxz7+= CLA
€ INst=d AHeE 22 P ae DMSOE H7Mg 78 A&

2. Al X<

A Z]FL Chen 519979 LHE okt WHAA HPaAh BFF
3 -well tissue culture plates
£33 DMEMCO 2 day
HAl 37C - 5% CO2
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R
—
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frt
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incubatorell Al WA AT, BEHE FAF 7] ANA(ESFEL day 0)
DMEM®] 100 nmol/L insulin(INS), 1uM dexamethasone(Dex), 0.5nmol/L
isobutyl-methylxanthine(IBMX)& $HAZ 31, day 241& Z2& &2 100
nmol/L INSYF g A1A. dix3o 2 CLAS 34ste=d AHE" DMSO
2 Agsta, zZ A - Al7ld we CLAE AZstdo. Fig. 12

Igoll wat 3T3-L1 AFAFAE F43%

seeding(day -6) & Azte] X
3

2ae] BAE 2 BdFT U,

3. AlxRst 54

3T3-L1 PR\ s ) 23 = sn-glycerol-3-phosphate
dehvdrogenase(GPDH;; EC 1.1.1.8)2 =xge=zX 33 =1, GPDHY
=22 wiek vlxler @l day 89 Alsstirh 6-well plate o] #iSFA S A
A& PBSE 7ol & 270xf homogenizing buffer(pH 74 HB ;
0.25M sucrose, bmM Tris base, ImM EDTA, ImM dithiothreitol) =
6-well plate®] A X E scrapping 3t 15m¢ eppendorf tubeo] +3 3 &
S el ZEoFEAY. YLoe®r 6 watt2  102F¢  AEE
sonication(Sonics & Materials, Inc.)*]#A 12,000 RPMOZ 4TCHA 1085
oF A1 B AH. 20040 internatant® FH A= eppendorf tubeell
%71 % (08mf assay buffer(triethanclamine, pB-mercaptoethanol, B
-nicotinamide adenine dinucleotide), 10018 substrate(dihydroxyacetone
phosphate lithium solution) ZZ8]3 150p¢ sample® UV cuvette
[Cuvettes semi UV(14-385-938)]1¢l g TE9F =
spectrophotometer(SHIMADZU, UV-Visible Spectrophtometer, Uv-1601)
& oj£3 340m <49 ODW3= GPDH #4< F4 Ao GPDHE
dihydroxyacetone phosphateZ glycerol-3-phosphate2 A #Al7]& T4 F,
glycerol-3-phosphate® triacylglycerol(TG) @4 437 57| W&ol A
EFE 12 ATE ARRAFAEY BEIRASE SAHsted 29 ol&HE
wygolth. UV %A Alel: dihydroxyacetone phosphate lithium(DAPL)®]
NADHE <drvh} 43tA 71 =48 &4 A AR

gulz =2 Bradford®t Marion(1976)8] wWel wE},  solution



B(coomassie brilliant blue G, phosphoric acid, 95% ethanol) 900u¢%}
sample 5uS UV cuvetteo] @3  EEo]& & spectrophotometerg ©]

23 590nmel A ze =AU,

4. A x4 MEx] DNA oF FH

Day -6 1.8 x 10% cells/well® 96-well plated] seeding® %21l 501
M o2 CLA o4 AE A8t day -4°] media® 2&3t1 CLAE A
2l5la, day -29] Roche A& kit(#1 644 807)& o]-& 34 tetrazolium salt
WST- 1 {4 - [3 - (4-iodophenyl) -2 - (4-nitrophenyl)-2H-5- tetrazoliol
-1,3-benzene disulfonate HWST-1)¢] Ezf o] TAMM FHsIH. AXE
o] DNA =& 5-bromo-2'-deoxyuridine(BrdU)2] incorporation ¥+ %
< 9 A Roche AF kit# 1647 2298 o] &3iA =t

O

5. 3AA =

B 3ol 2= A3 doletE student t-test®: o] &3t tixTtol of
3z TS xR g, Patel 0050130 A& FA4 A A
o2 7Fdgen E BA7HA L the GLM procedure of the Statistics
Analysis System(SAS Institure, Cary, NC. 1988)& ©]-83} it}



day -6 pre—confluence day -4

day-2 (confluence) day 0 (induction day)

day 3 post-confluence day 8

Figure 1. Differentiation of 3T3-L1 preadipocytes. The cells were
plated on 6-well plate at a density of 3X 10* cells/well in DME medium
plus 10% FBS.



A 24 A 2 37

1. 3T3-L1 cell®] sy 3+

B A7 AEefY2 Chen 5(1997)2 WHES o HIAA T3
t}. Day 0¢) 1uM Dex, 0.5nmol/L IBMX % 100nmol/L. INSE Aglélx
day 291+ 50, 100nmol/L INSTF A sl £3E viwe ZA(data not
shown), 100nmololl A E3A =7} o} day 29 day 03 #2
100nmol/L. INS& Ar&33dth. B33 EE Eoj7] H3MA EHS cell
density?) 3 x 10 cells/welll A 5 x 10* cells/well® F7HAIRA o}, 2314
Tofl zol7t gl MES] dwgd S Seltoz HEEFA AT 5 oA
ol 3x10* cells/well® 282 339t (data not shown).

oF Q]

T'\’

2. CLA A= AI717F 3T3-L1 cell9] 3ol v X&= 93

Hoo] 9 AT oe) AAEe] B e s Aow U
Z trans—10, cis-12(10t-12¢) 20uM-& 37171 & E3H=d(day -6~-0),
825 (day 0), ¥ EA77Hday -6~8)° ZH MR o RasE
AolE 10t-12c7F MEEIFE dA8tx @ged E3F=Fe wFar
of HHe W AEXREHES =ZA JAUHFig 2). o AAE 10t-12
CLA o|4Ae] BlAzge AEse ZAucs padge JTg
nA7) WEog AbgHth 10t-12c8] AHAI7) R DLe o AL P
3t7] 91804 day -6 A day 8747 29 FA o ® 20uM 10t-12cE #2138
o Esolaztgo] ¢1TH(Fig. 3). ool wWd ol Aer]gte] |q®
A (2Y) Ao] 2YAoz Amwch

AL

—_—

ol
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Contrdl dy 6~0 day 08 dy 68
10t—12c 20uM

Figure 2. Effect of treatment time of 10t-12¢(20uM) on
differentiation of 3T3-L1 cell. Reported values are mean t SE. (n =
4} ; difference from dimethyl sulfoxide (DMSO)-treated control cells.

( ™ : not significant * : P < 005 ™ : P < 001 "™ : P < 0.001 )
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8 8 8 8

GPCH/g Protein, %Control

(@)

Control

101 2uM

Figure 3. Effect of treatment interval of CLA on differentiation of
3T3-L1 cell. Twenty uM of 10t-12c was treated for the indicated
day. Reported values are mean = S.E. (n = 4) ; difference from
dimethyl sulfoxide (DMSQO)-treated control cells.

( ¢ not significant * : P < 005 ™ : P < 0.01 7" : P < 0001 )
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3. CLA ol A %7} 3T3-L1 celld] &3o vz g5k

B Ao o) b5 CLA ©lAdA <9 9c-1lc, 9e-11t, 9t-11t,
10t-12¢ 2 CLA mixture(10t-12c 44% &-+)E S0uMe FEZ 34 71(day
-6~0, 0~8, -6~8)ol] A& uw AEEF vl Fdo] Table 137
Fig. 4, 5 4 6] vebdoh 2 71(%1—@%5@ day -6—0)o = 9t-11t
2 10t-12¢c9] MEFES AAEFHI FFHouk Umx] ol g
T2t Al FUTH(Fig. 4). 12310 #3217 (day 0~8)ol+ 9t-11te} 10t-12c¥]
Bt ztgol ol FAPI(P<000D), Eols HL Ge-lles AEEGH
=P CLAmixE &3 A o)A AL CLAmIxO
3ol U= 10t-12c(44%) "R oz Az hoH(Fig. 5). AlEXs)ekA |7t
(day -6~8) <o CLAE A3 ZAI}7 Fig. 6o JeEt ded
10t-12c¢] 25 A A &5 ge-11co] EHEF g0 §& FAMG o4
o] A= CLA o oldae APIAELEE JA 2 AL AL
A 7R F3517]¢ O FALo] F =
LR T

_{

fE

T

f
9
NS
A

>x
ta = Fo7)3E

poid
o

Brodie $(1999)% 10t-12c& #H3% CLAmix7} 3T3-L1 cell®] #35
AAYTG BoPort 9e-1le7t #HE I ZFAES Ugd A2 2
A7t AFA A2 AT o] AMdE CLAY EARAEE FHEHI
AT 7R 1A HAE AL eorx] Vi BHS 2A4Y F U2 S vE

Rl
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Table 1.
3T3-L1 cells.

Effect of various CLA

isomers on differentiation

GPDH/mg protein, % control'
Treatment
(50 umol) — ”
day -6—~0 day 0~8& day -6~ 8
Control 100 100 100
9c-1lc 90.35 + 4.57™° 13751 = 1.62" 14350 + 2.34"
9c-11t 10070 + 3.92Y° 12203 + 1.88° 117.21 + 354"
O9t-11t 61 * 585" 50.77 + 328 7531 t 584"
10t-12¢ 69.88 + 522" 5044 + 1.357 1121 + 1.28"
CLAmix 86.98 + 256" 69.62 + 1.207

61.65 + 296

' Reported values are mean * S.E. (n

1l

of

12, collected from three

independent experiments performed on four wells) ; difference from
dimethy! sulfoxide (DMSO)-treated control cells.
* Treatment Interval : day -6~0, 0~8, -6~8

(NS

- 12 -

: not significant * : P 005 7 : P <001 7T : P < 0.05



GPCH g Protein, 9%4Contral

Cortral O9%c—11¢ Oc-11t =11t 10-12c QA
A isomrers 50uM, dgy 60

Figure 4. Effect of various CLA isomers on differentiation of
3T3-L1 cells. CLAs were treated for day -6—~0. Reported values are
mean * SE  {(n = 4) ; difference from dimethyl sulfoxide
(DMSO)-treated control cells.

( ™ : not significant * : P < 0.05 " : P < 0.01 ™ : P < 0001 )
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]

o388 3 R B

FPCHimg Protein, 9%Conivol

Gontrol %11 911t A—111t 112 QAT
dA isarers 50uM, day 08

Figure 5. Effect of various CLA isomers on differentiation of
3T3-L1 cells. CLAs were treated for day 0~8. Reported values are
mean +* SE. (n = 4) ; difference from dimethyl sulfoxide
(DMSO)-treated control cells.

(TP <005 :P <001 ™:P<0001)

- 14 -



GPCH/mg Protein, 9%Control

oontral S9c-11c 9111 A1t 1012 QA
QA isorers 50uM, day 68

|

Figure 6. Effect of various CLA isomers on differentiation of

3T3-L1 cells. CLAs were treated for day -6—~8. Reported values are

mean * SE. (n = 4) ; difference from dimethyl sulfoxide
(DMSOQO)-treated control cells.

(" P <005 :P<001™ P <0001

- 15 -



4. CLA9 s X7} 3T3-L1 cell®] &3t vjx = 4F

A el w3k o4 7 H3AeS uetdld 9e-lle, 10t-12c #
CLAmixE ©o]&3A o(h=), 20uM, 50uM H 100uM= A=t
100uM<] 749 10t-12c¢ 2 CLAmixE A EAIE B Fo] dojutA data® X
Ag = ol 20uM 50uME ¥l Fig. 79 JElGHE 9c-11c9
Btz a7E 50uMe] 20uM Kt o] Z 3 10t-12c9 CLAmix9 &34

A ZE = 50uMe] 20uMXE.t} ©§ Z o}
160 1

140
S 120
510
;5 80
£ 60
§ 40
20
8) 0

Cortrol 20 50 20 50 20 50

9c-11c 10t-12¢ CLAMIX

QLAisorrers(uM)

Figure 7. Effect of concentrations of CILA on differentiation of
3T3-L1 cells. CLAs were treated for day -6—8. ; Difference from
DMSO-treated control cells.
(":P<005":P<00l"™:P<000l)

CLAmix®] A A2 E3tea|ztgo] 10t-12col vlsf <zt oA
dl o] AFEL CLAmIix® 280} o]Ad X 3E(44%) 10t-12c2 ZE& U=
UAlS F=oh B Ao 2 F 10t-12c9} CLAmix9] AHAZE3st A

rir

=

- 16 -



10t-12c 2} CLAmix7} 23t
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5. CLAZ} 3T3-L1 celi®] Al X529 DNA &3l vix= 3%

B3l x=7d day -6~-2)°) o] CLAZ AP o AEZF9 DNA &
o WX F&o] Fig. 8% Fig. 99 vhebu} ik FellA d@d gz A
z¥3E A JAPY 10t-12c9} CLAmixT o AEF7F 27 #H2ERA

=, AZE3E =239 9c-llete AESFE F7HAIIA EUT o At
A& CLA® 3T3-L1 celld] #&o] AEe FARTGE &3hd o 2A 4
Zg Mo 213 AYS velyEd, o2 e T TR 49
A1 AW E U Z(Fig. 49 Fig. 5) CLAE ®3-+%5(day 0~8)9 A=

)] 7} -E—Zéi‘rer%i(day -6~0)° Hage wr 2 FHEo] vl FI I
10t-12c Rt} #3204 8ol &AW 9t-11t9] AEF2] Lol o A
th. CLA7Z} 3T3-L1 cell¥) DNA o] ux]¥x= G8ko] Fig. 9o WEILS

o AZsol wAE FF vl=W o] AHEE DNA e AT
Aleshe uehd3, B ATeld AET AMES DNA ¥ F40wol
B e e |

- 18 -



120 r
©100 r

100]
)
|

o)}
)
|

L
o
T

N
)
|

Formazan formation, % Contro

o

Control 9c—11c 9c—11t 9St=11t 10t-12¢c CLAmMIX
CLA isomers{50uM)

Figure 8. Effects of CLA on cell number of 3T3-L1 cell. Cells
were treated with 50uM CLA in pre-confluent period(day -6-—-2).
Reported value are mean * SE ; difference from DMSO-treated control

cells.
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N
o

BrdU incorporation, % Control

O

Control  9¢c—11c  Sc—11t  St—11t 10t—-12c CLAmMIX
CLA isomers(50uM)

Figure 9. Effects of CLA on DNA content of 3T3-L1 cell. Cells
were treated with 50uM CLA in pre—confluent period(day -6-~-2).

Reported value are mean = SE ; difference from DMSQ-treated control

cells.
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AgAA e e CLAS) #8 AFEo] HHel CLA ol 4daurts o

9 CLA o144l 828 Agslgtd ozel BAde FHA o= o4
A7t Tsol PeAE shebstr] ok el B ATel Al 2geAE

o ¥
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70 CLA o] B H=d 34l
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o
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1. cell line

E Aol AF-E3 18 cell line2 19693 9} newborn non-inbred Wistar
ratsZ2%H R d primary skeletal muscle celle o2 Ad&E AAH ¢
o] Wl Ao Z American Type Culture Collection(Rockville MD, USA)
ol AFS AHE T

2. CLA &#v] € dx+

CLAT Matrerya(Pennsylvania, USA)el JF e DMSOZ 50mM
TEZ M Ny gas® FAA -70ColA 2B 6-well plate’t
1 well B 2mle FFF2LE media® 2T 9 2ul®] 50mM CLAE 7t
A s0uMel w=7 HA g, dzT= CLAE gdisted Aled 22
H38 DMSOE #H7Hg 78 A&

_21 -



3. AlxEu g

6-well plateo 18 cell2 1x10° cells/well® seeding®@ 2, AFE 3
mediav™ DMEM(low glucose, Gibco 31600-034)9=d B IF=dde= o
719l 10% FBSE #H7F 1, 10% FBS tAlol 2% horse serum 7 7}ého.
2ZA #3585 =g 240ttt mediag @Y. B3FEYS day 02
2 A3 B3 LE 2938 = day 29 cell2 seeding vt th7) day 69l
SHFAZL] et dEHAed AYHAEgE @y d8 ISHAE7E 2
A &3 (myotube BA)sA ZFT g YERNAT Fig. 1¢1E L8 A
Z8 B3 J9HEA ¥yseE RYS & HoFoh

_22 .



day 0O

Figure 1. Differentiation of L8 cells cultured on DMEM + 10%
FBS. Day 0 indicates the time when L8 cells were induced for
differentiation with DMEM + 2% horse serum . day 3, 3 davs after

induction ; day 5, 5 davs after induction. L8 cells on dav 5 showed
formation of myotube..

- 23



4. A3 74

L8 Z%MEe}l 13 N3 creatine kinase(CK) 4 i F 3o w
WopEdid, CK 53w 2 culture EAUEE €l dayv 6ol AJalskadvt
cell culture7t #yF & 6-well plate ol i media & $d3] A7]&kn
PBS: &ollis media & Aol F 500w lysing buffer(LB: 25 mM
Trs, 10 mM Kel and 1 mM Mgel: for 100 ml at pll 7.4)i o] &34
6-well plateoll 4 cell'2 1.5ml eppendorf tubeoll 4= 33 3 A& gl Fot
Aok vpgew 10x EoF 6 watts®  cell®  sonication(Sonics &
Materials, Inc.) A1zl - 47T 12,000RPM 2.2 103 “moF 14l Aok
tubeRr®] supernatanti- 150z H A A 22 eppendorf tubeol &7 S
ATE ZHS 300gE, 10ml Y SHgE sl CK-10 kit(sigma
product) 200489 sample 3003 1.5ml UV cuvette[Cuvettes semi UV
(14-385-93%)]ol 21 Parafiim® ©]8&38] shaking¥ spectrophotometer
(SHIMADZU, UV-VISIBLE SPECTROPHOTOMETER, UV-1601)& ¢l
LA 340nmell M FFw i o] &) CKite ZFA4rh
5. ME59 M¥e DNA &% 53

Day -6°l 1.8 x 10' cells/well@ 96-well plateoll seeding¥} & Aol 50u
M e} CLA ol A& #Helslit day 49 media® ngstil CLAR A
2] 8k5t, day -2°1 Roche MHF kit(# 1644 807)F ol &34 A tetrazolium salt
WST - 1 {4 - [3 - 4-iodophenyl) -2 - (4-nitrophenyl)-2H-5-tetrazolio] -1,
3-benzenc disulfonateHWS'T-1)9] &) ol tAsMA FAHeAG A+
DNA %S 5-bromo-2'-deoxyuridine(BrdU)@ incorporation &+ &&

A Al Roche AlE kit(# 1647 229)8 ol &3ix FAH A}

Y



A 24 A3 2@ mF
1. CLA o] A2 ZH7F 18 celle] ¥3}o nx= P

2 AdE CLA ol 4AE 285 A TFHZELS celhol) Aeslg s df 2%
AE T3 Augt FFS v EstE TR AASA Y. 50 uM
CLA isomers& w3/ % H(day -2~0), ¥3 % °|F(day 0~-6) 283t
Wi 713 (day -2~6) o 37NE o] AT A AEA T A}
FAFSHAl trans-10, cis-12(10t-12c)2] #3teiAl 37 7+ Hon, ¥3
=% Agrt EeiEd Hynod JxgH4s ZHolFig. 2, 3). 3kA &
o]t ARE 2 AHFMEGBTI-LDY #aEA448 Yebd 9e-1lc7t &
FAEZL FFFE A Aol Fig. 42 M ZEulgd 7] (day -2~6)
7kA1e] CLASL #go] vety gled, BaFEd(day -2~003 EIH=
F-(day 0~6) &4z AL d& dA=Eo] HAH 9c-11t, 9t-11t <A
A= FFds AL JepW

2 A9 CLAZE AEAMxe 234 mzxles Ax4E Fds 29
10t-12c= AWAIEZe A x] 235 5% AT, 9c-1lcE AITA

Fod o] AAEE CLAE
AEe]l T/ wat A2 2 7ldo] o8] AEXEF 9 nHde &
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Figure 2. Effect of CLA isomers on differentiation of L8 muscle
cell. CLAs were treated for day -2~0. Reported values are mean =T
SE. (n = 8, collected from two independent experiments performed on
four wells) ; difference from dimethyl sulfoxide (DMSO)-treated control
cells.

( ™ : not significant * 1 P < 005 ™ : P < 001 ™ : P < 0.001 )
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Figure 3. Effect of CLA isomers on differentiation of L8 muscle
cell. CLAs were treated for day 0~6. Reported values are mean =
SE. (n = 8, collected from two independent experiments performed on
four wells) ; difference from dimethyl sulfoxide (DMSQ)-treated control
cells.

( " P<005™ :P <001 ™ :P<0001)
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Figure 4. Effect of CLA isomers on differentiation of L8 muscle
cell. CLLAs were treated for day -2-~6. Reported values are mean =¥
SE. (n = 8, collected from two independent experiments performed on
four wells) ; difference from dimethyl sulfoxide (DMSOQO)-treated control
cells.

(":P<005™:P <001 :P <0001)

2. CLA® ¥ 57} L8 cell?] £33} n]x= o3

CLAS Fxo wg g8 xAs8t7] s 48 CLA olAAE o9
FE 0(Hh=7), 20, 50 R 100uMe] s5=2 ¥ 7]3Hday -2~8) A A
= 100uMe] A ST MNEAEe vEVA AAE FT T UAT
Table 1614 Rtz ZE o] oA 50uMe] 20uMETH 9& 4 =7t 3
o 10t-12¢9] A% o= 20uMel A 223 AP ge-1lce] HAoE
20uMAM HJAF =7 AA(NE T2 73%) S0uMelM e dAH =T A
(A ZET 18%) F oA AL Fdol &3kl 10t-12cE 44%
gfete CLAmMIxS A S+ AR 20uMo A= 10t-12¢o Bl &) o A1 A
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10t-12cte 2 T3] ZHMES 35 A & do-& ekt

Table 1. Effect of concentrations of various CLA i1somers on

differentiation of L8 cells.

CK/mg protein, % control'

day -2~6 3

Treatment 20 uM 50 uM?
Control 100 100
9c-1lc 72.74 +8.20° 18.16 + 247777
9c-11t 9176 + 836" 5373 = 555"
9t-11t 3893+ 2967 1951 + 1917
10t-12¢ 18.70 + 039 16.00 = 1,147
CLAmix 2901 + 1267 1578 = 1.67°"

Reported values are mean £ SE. (n = 8 collected from two

independent experiments performed on triplicate wells) . difference
from dimethyl sulfoxide (DMSQ)-treated control cells.
* (™ ¢ not significant © : P < 005 " : P < 001 " P < 0001 )
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3. CLA®S] A=A 717} 25 A9 fstol] v X @7

A g A g8 paeld @4 JeEbIE 10t-12
20uMg o] &3 A EAMG A V) A EsfefAl#hEo] Fig. 5o WEl Q)
vH ZEAZIEL)S 2948 BolM Hye das vEhdn Ao EE
F7IERG ZEA7ANA AAZGe] o ZAoh AP AFETI-LDE 2
A ®old CLAE AYRAE& o oAzge] gilizv I§AME: 49
AAAFEE WEllY o) ARER SISA XS AgAEel vl o CLAC
o ®zhebA w-geE vEbdTh

120 |

* kX

CK/ Protein, %d)rtfd
¥ 5 8 8 8

o
|

'0~2 '2~4
| A Aisorer(10t-12¢c 20uM

Figure 5. Effect of treatment interval of 10t-12¢(20uM) on
differentiation of L8 cells. Reported values are mean ! SE. (n = 8,
collected from two independent experiments performed on four wells) ;
difference from dimethyl sulfoxide (DMSO)-treated control cells.
( ™ : not significant * : P < 005 ™ : P < 001 © : P < 0.001 )

- 30 -



4. CLAZ} L8 cell®] DNA & 2 Mo nx]E 9

CLAZ} 3% AEe] ¥aloiadg st e 28710 7o ABoz CLA

o L

i W =R F day -2~001 XH@sia o ¥ DNA 43 HZ g vl

= ol Fig. 69 7ol ZA Yehy Slth £3g FaodARe s ey
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o Holg AL AwAEe ®3E H3 9c-llc o)A HAE L{AE
v3tE A Atdolch MEFFA wob oldalel fol AburE o
et 2871 Fo] o]fAop & Fout

J
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Figure 6. Effect of various CLA isomers on DNA content of L8
cells. Fifty uM of each CLAs were treated for day -2~0. Reported
values are mean T SE. (n = 8 collected from two independent
experiments performed on four wells) ; difference from dimethyl
sulfoxide (DMSO)-treated control cells.

( ™ : not significant * 1 P < 005 ™ : P < 001 " : P < 0.001 )

- 32 .



140 ¢

120 r
je
5 100
o\, D -
IS
g0
< 40 r
&
Eo

0
catrd 11 it -1t 1012 QLA
(LA isomers

Figure 7. Effect of various CLA isomers on cell numbers of L8
cells. Fifty uM of each CLAs were treated for day -2~0. Reported
values are mean * SE. (n = 8 collected from two independent
experiments performed on four wells) ; difference from dimethyl
sulfoxide (DMSO)-treated control cells.

( ™ : not significant * 1 P < 006 ™ : P < 0.01 ™ : P < 0.001 )
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A4Felado %3 F 408 Fob shaking water bathol Al high control
shaking S AlZlth 40% % 250um nilon mess#Z filtering 3 A 3000 RPM
2.2 104 &<}t centrifuge 217131 KRB(Kreb's ringer bicarbonate) buffer
2 dispersegdt & 2000 RPMei2 10%¥ F9¢t centrifuge Al Zich F-12
DMEM=S: 5ml ol tube vBFFHe] cellit-3 dispersedt & 75um mess filter
i ol8EiA ANEE 0ml tubeol At Tubet?2] cell 20ulE
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L}, primary fat cell®] W<

cell ¥ seeding 1Y ¥4 FBS7F 9l F-12/DMIEM2.2 23] wash3| A
RBC %8 AA¥Y. Zdi 5% FBSE /3% F-12/DMEMY
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hydrocortisone(50ng/mI)(IL.T.C)& #H7tslA #3315 fF=AHday 0). o]l
FEl $8rt dRE G day 19)7FA] 2l medias W EHdi )
ol LT.C ¥ 5% FBSE 353 F-12/DMEM-3 AF& vt #3745 15
% (day 159 Tg =3 LPL activity T ZFHRY. Fig. 1€ 23 /%
(day 0)F ;M A primary fat cell®] 33 AS Box3 Q)

2
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Figure 5. Differentiation of porcine primary preadipocytes. Day
0 indicates the day when preadipocytes were induced for differentiation.
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Figure 2. Effect of CLA isomers triglyceride content of 3T3-L1

cells.
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Figure 3. Effect of CLA isomers triglyceride content of porcine

primary fat cell.
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Fig. 4. Effect of CLA isomers on LPL activity of 3T3-L1 cell.
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Figure 5. Effect of CLA isomers on LPL activity of porcine
primary fat cell.
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Table 1. Formula and nutrient content of experimental diet

Ingredients %
“Corn 81.41
Soyhean meal 16.35
Salt 0.3
Tricalcium phosphate 1.96
Mineral premix 0.2
Vitamin premix 0.05
Total 100.00

Calculated nutrient composition

ME(kcal/kg) 3,271

C. protein(26) 14.00

C. fat(%) 3.33

Lysine(%) 0.65

Calcium(9s) 0.70

Total phosphorus(26) (.66

4. 2N
ZAGY APEAHFE 25 vbnh 2AMLL SAY FAE 253 347

ol gsiA THA 8% STENAET HF FuAld FAAcH Az
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Z(lipogenesis)¥t Wit da #HHF A
(lipogeneic enzyme) 2 Al FR3 Aol biopsyd SAW F3 Q& o]
gl 49U 5 cholesterol 320 (0, 2 R 450 HAWO LR
A FNG ol gl HAH
5. A A FzAe XA -4

eF  0.2g9] A9 A FH3e)  50ml  tube 3! internal
standard(C12:0) 0.1m12 ¥4t A 7lel Folch solution® %31 3 EE9]
Anpo]l F&HA ATk PHET A AFHE ofrlol 0.88%2 NaCl &<

1)
Tt

’
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6. A Az HHo ANYF{AAF =4
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"
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477mM KCl, 1.256mM CaCl, -+ 2110, 1.232mM KH-PO,, 1.232mM MgSO
4+ 7TH20, 24.79mM NalCO; Ul o719 26mM HEPES, 5mM glucose
2} 3% ovine serum albumin® %W il gas(95% O+ 5% CO»NE d7istxa
W 5 pH=742 A} Incubation tuber [ TR THHEoF 20ml
scintillation vial® A2 T <3 7]4 3mle] KRB bufferts ¥ +-dl o] 3ml
goll $i9 BigA e Fro 3RS FRebA Yo ZF ovial v

0.5uCi® C'-glucoses I 3HA )

b

v A=A 9 biopsyst A #HAEA

AupE A R A E o] Baskis ofel BAS9 activity RS 98l
A gk whelz Y gRge] FAWE biopsyaiol #7]l W, stressF A
2ststbz] el A JanssenAH(Belgium) A F QD Stresnil2 erstAl vhHE &t
i Hel Aol SAL W A 1%F pie FAYEHL
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L= S ! S 2 st g F A4t
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3] 8 isopropanol: 40, n-heptane: 10, IN H-SO4 13l & vialo] ¥& =

A
43"
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HEd Fox FAHU=d KRB bufferol % labelling ¥ A &2 ¥ &
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¥ ZF HDL-cholesterol 2 total cholesterol @22 ArkaryAl AlF kitE
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Table 2214 HE di2 CLA 24971 #A8 Z=q2S
ety olo wak AR E S % CLA g9 A s 3%
Aok SAH FAE CLA Fo7F7F g4 vl3)] okt
AEZeg Agel 93] CLAE AgAxe] E3AAE Yetd RIgs 4wt
)= Aot} Thiel-Copper =(2001)& 26.3kge] = Ao 05% CLAZ
Z3aA 1.0%7+A CLAE F% A5 S 5998 23 g5 Aol CLA
g "ddA ZF7¥dz Brugcr $H Dugan  §(1997)2
sunflower oilS TF93 A F CLAZ Foldt Aol AdFFAF A
o7} gl Rt} v2o] Cook 5(1998)2 49U &<t A A CLA
& F49% 2F dxF vl& dFFAFe] HAPdoy RuPr dIFF
Aol st CLA® &7 AFAe] wgt g olfv HWstr] oz
b, A A, CLA9 =2 955 ¢ =AY FF 5o €27 9
ToZ AndEAr 28X o2 CLAV A9 dFFAFd vAE 4TS
FEsla &es ¢ 5 dd As & &(gainffeed)ol oAM=
Thiel-Copper %(2001)& CLA Fd] 2l#iA FAFANSS Vet =1
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Table 2. Effect of dietary CLA on growth performance of
finishing pigs

Items Control 10t-12¢ CLAmMix
Intial body wt.(kg) R1.0+0.42 21.1+058 0.8*+1.15
Final body wt.(kg) 107.9£2.79 110.3+1.71 111.7+2.41
A dail
verage cally 0.96+0.091% 1.04%0.06% 1.10+0.064%
gain(kg)
Daily feed intake(kg) 3.15 3.15 3.15
feed/gain 0.31 0.33 0.35
Ultrasound " AL A
1.33%=0.100 1.39£0.121 1.46+0.111
backfat(cm)

2. AgzA e ALt =4

A 153 P20 AWEAS o8 FAT AW Hfatty acid)
o] Table 3o YelY AEd 10t-12cF= Wizl H& w4k =
10t-12¢ ¥ dtole}l 9e-11t8 ¥EE ¥kt 225 CLAmixT = H]
A7%E YeldEd, AYaF 10t-12c8] FEE 10t-12c 9720 @ sko
(0.49% vs 0.39%). 27 Az2z 2 10t-12c8 2 detectd T+ S A
E2 2loy 911t FHL AFE 5 YEFITH0.32%). o] AP
HA ARl A 10t-12c= thE A @Adel A ©E R 7] o] #9 9e-11t=
TEo] F F JeS JEAT Ao AR nFojEbA 10t-12c7 2] AW
2 5 10t-12c dH-Eo) Al5 2 FFE 10t-12c25EH & ¢ F doh
E A3 Axg fqwdstes FAZE Cook 5(1998)7 Kramer T (1998)2
F4% CLA FFo vlalsiA Aats CLA &%) F7Hvka R a vt
o] AHEL A AATAL FF & @ Alx CLAC 93 CLA
o] L #HA 7] i ZA 892 oHA FeS vEhdY. CLA +
A ALEH 9 Cuo® Ciso H§FE T2AZAEH(Table 3), ol A g
°]5+& CLAZ} desaturase®] #-&2 A7 diom AAXH. Lee 5
(1998)2 CLA Fo7F 7t9) desaturased] 282 ZAA|Zch B a3}
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Table 3. Effect of dietary CLA on fatty acid composition of

pig adipose fissue

control 10t-12c CLAmix
C14:0 10.94+0.029" 1.74£0177* 1.55%+0.022%
Cl4:1 0.04+0.033* 0.03+0.018"* 0 0
C15:0 0.08-0.005" 0.08+0.010" 0.05£0.023"
C16:0 15.73+0.278"% 17.88£0.491* 17.67+0.331%
Cl6:1 2.57+0.139" 3.18%£0.270" 3.37+0.142%
C17:0 0.45+0.039" 0.49+0.073* 0.45+0.059*
Ci7:1 0.44+0.057% 0.48 +0.060" 0.41:£0.049"
C18:0 13.25+0.531% 13.49=0.900" 11.81+0.486"
C18:1 46.91+0.453" 42.02+0.581" 44.43+0.578"
C18:2 15.72+0.301% 16.62+0.262"% 16.49+0.443"
C18:3 0.85£0.042" 0.77+£0.039" 0.75+0.049"
cotll CLA 0.32£0.030° 0.91 £0.065" 0.94+0.044%
t10c12 CLA ND=* 0.49+0.067" 0.39=0.047"
total CLA 0.32+0.030" 1.32+0.094" 1.32%0.058"

C20:1 1.020.078° 0.74%0.050" 0.74+0.027*
others 1.53%+0.116" 1.14+0.095"" 0.97+0.201°

¥ ND = not dectected

3. Az AuFAd 2 lipogenic enzyme activity

4%F7te] CLA F9%F A NA biopsy® FAL AL o] &alA AW
&g = TFo T A

=
< AR ed Fig. 19l 2E W2 CLA 59
o 8 2ol7k gtk Table 40 & malic enzyme(ME)$} fatty acid
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synthase(FAS)2] activity 7} thERLE di-d] CLA d oA F2F djz2toll 1] &)
olF 5 & A9 activity’} by, o] Aapel #wgtAg A= 10t-12c9%
CLAMIXE Folallie sixe]l xE4 A 7o A3 48 <
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th 3+ Cook 5(1998)¢ CLA Feolvk sixle] 283 SR T 26%
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AS A E A wAe rRtarol CLA soawe wldlsiM o
AT Radct CLAES *23S
CLAE Fodrd sixe xugFHol A=A &FE olf 1) in vivod]
B¢ CLACI# 2 v} EFo] Ngxox A&sir CLAS] #H&o] H&s}
A Z@AG 2) CLAZE =] Aol cb & 233 A Hofa] s =] 2w
AEE] TS CLAE HE &+ gAY )R A7 o8 sfixe] A
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Figure 1. Effect of dietary CLA on lipogenesis on pig adipose
tissue. Lipogenesis was expressed as p mole glucose conversion to

total lipid.

Table 4. Effects of dietary CLA on lipogenic enzymes of pig

adipose tissue

Control 10t-12¢ CLAmMix

NADP-malate

dehvdr L 1517.8%89.71% 2,1668+22550° 15545%52.16%
enydrogenase

Fatty acid synthase"” 889%+19.18" 150.5+34.30" 144.8+11.74%

Y unit, p mol/ min/ g adipose tissue

4. vtz o] A4k (lipolysis)

CLA7} Aab&E 3o nixly= <«43e CLA 89 £ 39 biopsyd A|HE

22 & 25 A wFFT o releasedt 8l AUAY Fom ZAFH

Oy

rle
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5. 8% cholesterol 3t}
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Figure 2. Effect of dietary CLA on lipolySis of pig adipose tissue

CLAs were fed for 4 weeks before biopsy of adipose tissue was taken.
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Table 5

concentration

. Effect of dictary CLLA on blood cholesterol

contro}

week O
total-ch 8475 =5
HDL-ch 252503

HDI.-ch/total -ch 304

week 2
total-ch 05.54.4.37"
IIDL-ch 32.75 +. 4.05"

week 4

total-ch

IDL-ch
HDL-ch/total-ch

84.5 4.4

r%(/

29.751.5.60"
0.28 * 0.06"

10t-12c

CLA mix

84.8 361"

s YN o I
27.2°22.29

0.33+0.04"

R0 2.01"
31.4 - 253"

0.39 - 0.03"

91.6 +3.69"
338 t 291
0.37 = 0.03*

095.4 . 555"
294+ 3.39°
0.31 4 0.03"

103 - 2.41°
34 1.74%

0.32 =0.01*"

100.2 . 3.78%
352 +1.60°
0.35 ° 0.01"
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