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SUMMARY

I. Title
Simple PEGylation of Conjugated Linoleic Acid for CLA-Enriched Beef Pro

duction

II. The Purpose of the Research

The prupose of this research is to prepare pegylation of conjugated
linoleic acid (PCLA), to characterize PCLA, to check half-life and osidative
stability of PCLA, to check attenuation of lipid accumulation in vitro and in

vivo for application for CLA-enriched beef production.

I. Methods

1. The First Subject

1) Coupling of PEG with CLA

PCLA was prepared by coupling of PEG with CLA at melting state of PEG.
2) Confirmation of PCLA

NMR and FT-IR were measured to confirm PCLA.

3) Preparation of PCLA nanoparticles (NPs)

PCLA NP was prepared by dissolving in MeOH and dialysis in water.
4) Particle size of PCLA NPs

DLS was used to measure particle size of PCLA NP.

5) Observation of PCLA NPs

TEM was used to observe PCLA NPs.

6) Measurement of half-life of PCLA

Half-life of PCLA was measured by hydrolysis.

7) Measurement of oxidative stability of PCLA

Oxidative stability of PCLA was measured by GC.

8) Checking of cell viability of PCLA

Cell viability of PCLA was checked by MTT.

9) Checking of anti—adipogenic effect of PCLA

Anti—adipogenic activity was checked by western blot.



10) Checking of transcription factor of PCLA

Transcription factor of PCLA was checked by wastern blot.

11) Checking of anti-obesity effect of PCLA

Anti—obesity of PCLA was checked in the obese C57BL/6J(ob/ob) mice.
12) Checking of lipolysis mechanism of PCLA

Lipolysis mechanism of PCLA was checked in 3T3-L1 cells.

2. The First-Joint Subject

1) Effect of pegylation of CLA on the stability in rumen and stomach

We determined the method to analysis of CLA concentration in PEG-CLA
and the optimal condition for pegylation of CLA(130°C, 50mmol%CLA).

2) Effect of the administration of PEGyated CLA on the CLA concentration
in blood, mammary gland and visceral adipose tissues of SD rats.

In present study, the CLA concentrations in blood and visceral adipose
tissue were increased at 4 hr after oral administration of PEG-CLA
(P<0.05).

3) Effect of the supplementation of PEGylated CLA in feed on the
concentration of CLA in the milk of lactating goats.

In in wvivo trial for 4 days in lactating goat, the highest concentration of
CLA in milk was observed in PEG-CLA group, followed by control and CLA
group.

4) Effect of the supplementation of PEGylated CLA on the concentration of
CLA in the sirloin meat of Hanwoo steers.

Thirty Hanwoo steers (30months, 582.5kg) were randomly divided into three
groups ((1) Control , (2) PEG-CLA, (3) Ca-CLA) of teen animals based on
their body weights. The trial was conducted in a completely randomized

design with three dietary treatments for 30 days.

IV. Results and discussions

1) From results of NMR measurement of PCLA, methylene peaks of PEG
and double bond peaks of CLA appeared at 3.4~3.6 and 5.2~6.2 ppm,
respectively. And from FT-IR result, the C=0 stretching band of ester bond
in PCLA appeared at 1737.81 cm-—1.

2) PCLA NPs were prepared by dialysis after dissolving PCLA in methanol.



The sizes of the NPs were 10-100nm and the sphapes of the them
observed by TEM were spherical.

3) Half-life time of PCLA measured by UV was 55h. Also, CLA release
from PCLA was almost 90% over the 75h.

4) Oxidative stability of PCLA after injection of headspace air was slowly
decreased whereas that of CLA was rapidly decreased.

5) The cell viability of the 3T3-L1 cells reduced by PCLA was lower than
that reduced by CLA it self.

6) From the western blotting assay, PCLA induced anti-adipogenic effect on
3T3-L1 cells similar to CLA itself.

7) From the western blotting assay, the expressions of PPARr2 and C/EBPa
were decreased by treatment of PCLA similar to CLA.

8) More oleic and glycerol were released after lipolysis of cultured 3T3-L1
cells with treatment of PCLA or CLA than control.

9) Body weight, addominal fat, liver, body lipid, LDLC, TC, GPDH, C/EBPa
and PPARr2 in high-fat-fed obese C57BL/6J (ob/ob) mice containing PCLA
were lower than control.

10) Lipolysis of 3T3-L1 cells was stimulated by PCLA through the cyclic
adenosine monophosphate—-independent signaling pathway and actication of
MEK/ERK MARK signaling pathway and hyper—secretion of IL-6 and IL-8.

2. The First-Joint Subject

1) Effect of pegylation of CLA on the stability in rumen and stomach

We determined the method to analysis of CLA concentration in PEG-CLA
and the optimal condition for pegylation of CLA(130°C, 50mmol% CLA). In
addition we found that the PEG-CLA showed the degradability below 30%
for 24 hr in both ruminal fermentation and artificial gastric juice (pH 2).

2) Effect of the administration of PEGyated CLA on the CLA concentration
in blood, mammary gland and visceral adipose tissues of SD rats.

In present study, the CLA concentrations in blood and visceral adipose
tissue were increased at 4 hr after oral administration of PEG-CLA
(P<0.05). In trial of lactating SD rat, the concentration of CLA in the
mammry gland tissue of PEG-CLA group was two and half times higher
than in control and free CLA groups.

3) Effect of the supplementation of PEGylated CLA in feed on the

concentration of CLA in the milk of lactating goats.



In in wvivo trial for 4 days in lactating goat, the highest concentration of
CLA in milk (P<0.05) was observed in PEG-CLA group (1.3+0.19 g/100g
fat), followed by control (0.8%£0.03 g/100g fat) and CLA (0.8%+0.15 g/100g
fat) group. Therefore, these results suggest that the PEGylation of CLA may
be related to extent of protection from rumen bacteria as well as
post—ruminal bioavailability.

4) Effect of the supplementation of PEGylated CLA on the concentration of
CLA in the sirloin meat of Hanwoo steers.

Thirty Hanwoo steers (30 months, 582.5 kg) were randomly divided into
three groups ((1) Control , (2) PEG-CLA, (3) Ca-CLA) of teen animals
based on their body weights. The trial was conducted in a completely

randomized design with three dietary treatments for 30 days.
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Al3Eo] WX PEGylated CLAS] 548 MTT, DAPI 94 9 FACS®Z 343}
Art.
2}, PEGylated CLAS] AW Ao B34 e 54
PEGylated CLA®] A A E3lo4 oS =AAY g ior A5
=5
Z}. PEGylated CLAZ} A|WHA| X transcription factorel] 7] X|&= 9&F ZA}
ABAE 23he} A= PPARy?, C/EBPa 2 aP29] expression®] PEGylated
CLAZ} WA= @33 Western bloto.2 ALl
El. PEGylated CLAZ} H|RF Fol|A] H|Rrol A a7} 4
PEGylated CLAZ} BIRF Foll A A vgkelA] a¥7t & 718 =29 vnk Fo
A gl ket
3}, PEGylated CLAZ}F A WA X 9] A3

|

o
PEGylated CLA7P X]%“ﬂa‘“ig] Aol w A= Aedel s AAE
Western blot¥} W &34 "o 7 Folstgt)
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2. Av4dy %

7}. PEGell CLAE A%
Hydroxyl7]E& 7}A]al Q= PEGS} carboxylic7]|E 7FA]a2 91+ CLAZE &viut
oAl glo] 2% Wgo Rt ester AFAATE PEG (MW 5,000 15 g, 0.003

mol)2} CLA (MW 280.45 30 g, 0.107 moDE A& HelA 150TC 5417 ¥k-g-5
AlZ]aL DMSO°l ®bg¥ 545 =2lv. o] % mwkg CLAE F4& &3l A7 st
o]ojx wukS PEGE NANOSEP” centrifugal devices® Ea) #|A A Zdh. wjuk
5 CLAS} PEG7} AlAE AHES -20Co € & 2 dxste HF AES A

52

t}. ¥F$ scheme Fig.19] YERAT

PEG #x}&o] 5003 200081 7% %Zo] -OH717F 2dojA CLAZF Y& A
< skl de §vhEAES Figo 20 yERHth =3 PEG-PPG-PEG®] pluronicell
CLAE 150T 521 AgAIZ] w8215 Fig. 3o YeRAT

Lt PCLA®] €9l 2 A

3% PEGylated CLAE d-chloroforme] 3591 % !'H-nuclear magnetic
resonance (‘H-NMR) (Bruker, Avance 500)& A}&3le] 348 Axr g9
t}. gelo] AL83t9 " PEGSF CLAS NMR spectras Fig. 49| PCLAE Fig.59
Ueldith PEG ¥4}80] 20002 CLAZF ¢F 81mol-%, pluronice °F 53.7mol-%
7 A A

HES- 2 ol "k Al 7bo] wWE CLAS mol-%= YERH Z o] Fig. 624 WA 7F
3 &%= 7t F7hgke] webd CLACl mol-%E F7Feal 150C 54174 30
mo-%&A ZTHEZF HAv. EF FT-IR spectradl A= o2 22430z <13
PCLAY 7t2rYd ~E# 3 W=7} Fig.7¢] vebd vle} zto] 1737.81 cm '7F Y
E}b%t

-

t}. PCLAS] Yw=dxte] Az 2 E4

st ¥ PEGylated CLA & ejE DLS9} TEMO 2 2213 Ay ¢ 100nm HX%=
o T EYs 7K U=t dE e Eelsith

28 5000 PEGE W= PCLAY TEM A3 DLS ZA3= Fig. 89, A1
2000 PEG+= Fig. 99 Plu-CLAE Fig. 109 YeRll=d 98024 7% vz
PEG 20008 25nm, Plu-CLAYE ©F 14nmeo] it}

g}, PCLAS] ¥Hgk7] =4
3t ¥ PEGylated CLAS UVE 3t A3 55 =), =
S FRlsksint. Edh, pro-drugl 249 &58 Tyl 918 HPLCE g 4



oF 85A17 ol AA 90% o]l CLA7F PEGylated CLAEZ Y- WEES &9l
o} o] A3= A FE PEGylated CLA7F &W|%F pro-drugl =4 o] &&=
A Aolgtes oS & ¢ Ay o] A3p= Fig. 119 YeRATh

of
-

4 32 ®
ma’i'

ul, PCLAS] A3} oFA A

=
d =
o
=

o,

Z} FHlE sampleS  stirrerE  ©o]83] WHAIFTY. A temperature
—controlled analytical room (25C)elA AAlsF o™ ZF sampled] 100 pl
portion headspace airE TYAA Hewlett-Packard 5890 series II plus gas
chromatographyoll 5l =743} t}. Carrier gas™ helium= AF&3F3L 100ul
headspace® Hewlett—-Packard 3365 integratorE ©]&3te] 1 =AH¥E &
mmol Os/L. headspace air=® WEA] T}

ojul 7]&Eo] oy =EEA Hay CLAS 2FslerAA #A|7F FHo] FH A=A
gHelst7] 98l GC= CLA w53} PEGylated CLAS AtsletdAds F4skalth,
CLA &2 Algbel] & 4bs} b do] w436 "olgs &kl oy PEGylated
CLAE 4ts} b Aol 47F CLA @R =31 kX o g HEyy s &
1kt ok

v}, PCLAS] 54 %A}

PEG, CLA =8]3 PEGylated CLA7} 3T3-L1 AW A+ A¥E H5A4 %
apoptosisel] WX kS 7 FEHE FACSE o]&3] =439}

CLA ©52 F&=7t S7kgtel uhef ﬂ‘d“ﬂ ] apoptosis A%=7F A WERGE
U PEGylated CLAE 1 BF&7f %Ok Lol A UEtE CLAS] AAIE
gk =/do] PEGylation®ll ©]&f 7FA% L M%% glstith. =3 PEG ©5
AA Eo] A HAo] gl&S gl 6}95\1:}

o] &5 9] apoptosis Z¥= Fig. 129 yeERWAT, =3k MTT =3
&% Fig. 13 Weh= viel o] CLA ©5%2 5% S7kel webA

rlo

6}b 9 PCLAYE @hubaigith. whwlell PEG 20009 7% Az tid A% A
e PCLAA =9 galdez Qleto] Fig. 14, 159 169 yebdl mie} o]
CLAoﬂ H)&to] A3 743tk Flu-CLAX Fig. 173 189 uebd ulo} 7o)

PEG 20009} &2 43S Yerlt,

Ab. PCLAS] ZPA|E 54 A}

FACS 45 %3] dojx A3E EU& apoptosis e8°] H=IAE 200u0MS
deiste] dde sttt ojn] 7|Ee o2 =Eas Sl dFE INS, Dex,
2 [BMXe] AHWAE A Fxgde] PEG, CLA 183 PEGylated CLA7}
negativestAl 285 &  =A ORO A A ARIS Eaf w&eaich

A E #3lo] CLA % PEGylated CLA7} WX+ 93-S ORO 94S %3
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s1gk A3 CLASH fAFE A4 %4458 PEGylated CLAZF 74X 1L 8l
&2 el e ole] TERE] 48 o

r
>~

>
ro

>
a

Lo

(@]

ke

o}

=

(@)

wn

2,

o

j]

=
WL

=
[¢)
92 FHolA] Seo] AALE sl A ool

o8t 4= 9lE=A] western blotting WHS %3

A E 7 7E: 15Y
CLA % PEGylated CLA treatment 7]%F: 15¢
primary anti-body ¥F$A]ZF: overnight

- secondary anti-body ¥FSA] 7 2A]7F

WA B3l #EE o8] transcription factorol] PEGylated CLAZF X &=
93-S western blotting®. & Qlst Ay} wE @A E9] expression®] ¥ Ek
o CLA @&} nH]5=3k 7S mlellon T3 key transcription facto PPARy2
o A a7t gdste] AAME 3} A Aot AS5S Al

Fig. 20 1= A¥& YA, Fig. 210+ %0 tigh 93-S ek

w37b Hal gl AAlEe] FAH A T o] 95E PEGylated CLAZF ©]v]
x = =]

[e]
18 AFAEZE FAE 7 A=A FIEsH] 918 serum-starvation WS
=
b S

- AEZwg7|zE 15¢Y

- serum-starvation A]ZF: 12A]7F

- CLA % PEGylated CLA treatment A3k 12A4]3F
- data: mean (n=3) £ SEM

- x P < 0.05, == P < 0.01.

A utdlo] PEGylated CLAZF VX 93-S GPO-trinder kito= 13+ Az
isoproterenol®] ¢l Al A= CLAS #-AF3E glycerol WE7 %S HolwHA
HHRge] #osti 1SS Felateltl. 1@yt isoproterenole] E Aol A E
CLA 7t ofyz} PEGSF ¥ Hlzdlglycerol ME7&s BT o] 2
2 <ls] CLA ¥v+ olUg} PEGylated CLA Al Z2EE] 28)A o]Fojx= |

RIS

B
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s dige] obd S oz XA e] el ot S & 5 A
A Ba A3 Fig. 224 FEAE WE A3 Fig. 230 vepoh

2}, in vivool 4 PCLAS] & H|TF g3}

55 % CH7BL/6J (ob/ob) HIRF FH ol <l Atz o] wigt x4 Table 1o
ERAL 1%9] CLAS AMEstdth 65F°l w5/S HW Table 29 Yel= vt
o} o] HWE HE= CLAY PCLAZ A3k ART E3A7F 8.9g Z7hetglth.
CLAY PCLAE A&d A HFAE 1+ FA= Table 30 Yebl= upe}h 3o
Hluk o vjsle] & A3 743

Table 1
Composition of experimental diets

Formula AlG-930 HI HIF-PEG HF-CL A HEF-PCLA
(=%

Protein 20 20 240 20 20

Carbohydmate 0o 4 iy iy 4

Fau 7 24 24 242 242

Ingredient o
Casein 2040 204} 204 204y 204
L=Cystine 3 3 3 3 3
Corn starch 397 224 224 224 224
Sucrse 1) 10D 1M 10H] 1043
Dexirose 132 132 132 132 132
Cellulose S0 S0 50 540 S0
Sovbean oil 70 70 70 70 70
Lard 0 173 173 173 173
TBHOQ 0okl 4 001 4 .01 4 .01 4 0014
Mineral max a5 35 a5 a5 35
Vimmin mix 10 10 10 14y 10
Choline bitartrate 3 3 3 3 3
PEG - -- 28 — --
CLAa® — —_ - 110 —_
PCLAR - - - - 3s

PEG, CLA and PEG-CLA (PCLA)Y were mixed o oa basal AIN-93G diet
ennched n fat (HE).
I'BHQ), -butylhydroguinone.

*COLA isomers (2/10g2) containing: frans-10,0is-12 CLA 4, ois-9 trans-
11 CLA 4, other isomers 2.

P OLA isomers in POLA (g/38g) containing: frans-1,cis-12 CLA 4,
cE-9trans-11 CLA 4, other isomers 2, PEG 28,

59 lipidg%= CLAY PCLA Agel ¢3&to] Table 40| YEU= nvie} o] H]
T FHoll vlste] FHAskit

E3F CLAS PCLA Ag]3 H= Table 504 ¢k o] ulwk Aol H]ale] LDLCS}
TC7} @A 3] vkt GPDHYE CLA9F PCLA A& FHolA Table 6914 e
Hie} o] Rk A vttt PCLAZ A2 gk F oA+ Fig. 240 YERd vpef &
o] HlWk HH} 7rol e MDAE il GSH#HS & A= 7hA gt} Fig. 259
LRl vkel o] CLA®F PCLAE A2k oA vk H®r} C/EBPa$t PPARyZ
TR 7t vk AE e
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Table 2
Body weight and food intake m mice fed HF diets containing CLA
MNormal HF (added or HIF-CLA (added or
not with PEG) not with PECG)

Body weight (2)

Initial 20, 7+0 4 20.3+0.8 20.1+03
Final 27 .41 g5E 34 7£1.2° 25 B+2 3¢
Food intake 4.3+19 4.2405 42413
(ziday)
Feed 0.032-£0.004 0.081+0.007" 0.031=0.002"
efficiency
Weight gain (0.1 740 08h° 0.34+0.05* 0.13£0.04°
(g/day)

Data were analyzed using one-way ANOVA followed by paired Student’s ¢
tests for muliiple comparisons. Values (meanst5.D.; »=10) not sharng a
common superscrpt differ significantly (P=_05).

Table 3
Organ weights in mice fed HF diets containing CLA

Mormal HF ({added or HF-CLA (added or
not with PEG) not with PEG)

Orrgan weight {g)

Liver 1.404£0.32120 1643403122 1210203200
Spleen 0.065+£0072 006741021 00680072
Kidney 0.065£0.013 0.061+0.019 0.060:0.017
Lung (10940 044 0.1 09:0.097 01100017
AF 0.3540.0720 0.671+0.0334 0.202+0.032¢

Data were analyzed using one-way ANOVA followed by paired Student’s ¢
tests Tor multiple comparisons. Values (means=5.D.; n=10) not shanng a
commaon superscrpt differ significantly (P<05).

Table 4
Carcass composition in mice fed HF diets containing CLA
Mommal HF {added or HF-CLA (added or
not with PEG) not with PEG)

Body composition (%)

Lipid 28.1746.74%0 31.57+1.70° 25.3243.2¢P

Protein 17.02+0.80*" 15.28+0.44° 18.79+0.32°

Ash A 48+£091* 2.79+0, 1240 35540018

Water 52 89+405% 47.18+5. 71 53.24+7.41

Daw were analyeed using one-way ANOVA bllowed by paired Student’s
¢ ests for multiple comparisons. Values (means+£5.0 . #=110) not sharing a
common superscript differ significandy (P=<.05).
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Table 5
Cholestero! levels and HOMA analysis of plasma in mice fed HEF diets
containing CLA

Monnal HF (added or HF-CLA (added or
not with PEGY  nol with PEG)
Plasma
HDLC (mg/dl) 51.7+3.2 50.248.4 49.446.3
LDLC (mg/dly* 63.2+41.0°° 1037202 46.8+0.7°
TC (mz/dh 1382+11.2*% 18134189 1262+15.4"
Insulin (Il 11109 15.7+0.8 g2+71.3"
HOMA (pLliml)™* 2.6+0. 1% 544042 1.7+0.3°
Glucose (D 66044 7.840.8% 414097

Dat were analyzed using one-way ANOVA followed by paired Student™s
¢ tests for multiple comparisons. Values (means+513.; =10 not sharing a
cormmon superseript differ significantdy (P< 0353,

Table &
GPDH and FAS activities of adipose tissue in mice fed HE diets conaming
CLA

Normal HF (added or HF-CLA {added or
not with PEG)Y not with PECH

Enzyme activity

GPDH in AF 1373342947 1,534.7+39.5° 9163+531"
(L'mg of protein)
FAS in AF 1,710.7+463.3%P 09344817 1.9599+831°

(L'mg of protein)

Data were analyzed using one-way ANOVA followed by paired Smdent’'s
£ tests for mmuluple comparsons. Values (means+5.1D.; #=9) not sharing a
common superscrpt difTer significantly (P=<035).

7. PCLAS] XA E H3lol] ik 7] 83

PCLAZS AW AT Ao & Fig. 260 YERH= vlel o] CLAS #&
4o 2 perilipin &R} FAYF] 7F4Sal ADRPE 5718t

PCLAE AW A AEo] Hglshd Fig. 2743 AW &aoll 2]sto] oleic acid
7 EE AL AZre] Frbetd wWrEEe] SRl

PCLAE AW A A¥o] Hglshd Fig. 2847 adipo-cytokineql IL-63}
[L-8¢] Alztell uwhe} #u|gFo] F7hskSiTh

PCLA¥ Fig. 2949 CLASF #Zo] At dT Alaze] A &alloll glojA Al7ke]
e} F71ebdA ERKES 24318kl th. MEK/ERK MARK A& H4-e Figs. 303
31el A YERllE AAH U01269 oJste] E5F At WA Fig. 32014 e
= AAY Y2 wE2S Z7lsh PPARrel C/EBPay UO1264 2ol o &)
o] 7wk

PCLAYX Fig. 33914 Yegl= upel o] CLAS 2o AH3Fo= cAMP ot &
NeAGAAE Ve
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24 A 185 A
1. Au 2 g

7t AlZ¥ PEGylated CLA® 4] WH gy 9 Astel] 93k PEGylated CLA]
84 A
(1) PEGylated CLA2] 2] wwigg

CLAS AxyHdF oldst & Atst=
GCE o]&3}o] PEGylated CLA% CLAS%
o] etg A ®ul7t @75 PEG-CLA%S CLAY ¢+ EaubdS &35kt o]
Het WS EdRE o8 FEE AxH PEG-CLAT CLATZS XAbste] Alx%
A5 AT o] 833l
(2) 23}dl 2|3+ PEGylated CLAS] ¢F8A A}
(7h) W9 E kA AL

250ml Zet~a= ALgk JAFHF9d w9 H 7 McDougall's 13 EFS
50: 509 HlElZ 100mly FA] FFALE S 2AFR(9:1)S 1g¥7Istar 94| CLA
(40% c9t11CLA + 40% t11c12CLA)9F 50mmol% PEG-CLAES CLA7]#o 2
AtE9 1%+o 2 FH7FsH F shaking incubatorol] A 39T, 120RPMOo.= nj s}
WA 0, 2, 4, 8, 12, 24X EE sampleS AMF st A8 A3 T
(b <1F A (pH 2ol A sHAA AL

50ml FHO] ¥ A(pH2)l ¥UA CLA (40% c9tll CLA + 40% tllcl2
CLA)9} 50mmol% PEG-CLAE +CLA7|FOS=® 250mge FFo= #H7tsk 3
shaking incubatoro]A 39T, 120RPMCo. = ujstHA 0, 2, 4, 8, 12, 244 7+0)
B2 samples AF st CLAEA AAlsto] CLARE =& Ao

. 3AFH(SD rat)ell 2oIA4] PEGylated-CLAFo17} CLAS 8% &4 2 $4/ A

WaA oz oo nAx 4%

O Al&F8]: CLAEA] 80% 3$Hr), PEG-CLA(KAl 40%3H)
O A g

- CLA A g7~ 300mg 80%CLA(240mg CLAX3H)<S oral injection.

- PEG-CLA A&+ 600mg PEG-CLA(240mg CLAX3)<S oral injection.
O Fo] 2 sampling ¥

- 6A1ZF A% oral injectorE ©]&3Fe] 7|k YA s ZAH=HA
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A ratsol] Fo] & 0, 2, 4h ZF A ZFEE bloodAFH F serum #8351 -80T
of A7
O z=AEHE:
- Serum % cis—-9,trans—11 CLA, trans—10,cis—-12 CLA% =4
(A 2k B4 e oﬂ% 19 5@ o & GCRA AAD

(2 fazgome Ao o

O TAsE: HFs dﬁ(SD) 157ke] (A3 5vhe])

O A= H]: CLA , PEG, PEG-CLA

O A g =

- )&+ Normal diet (e-Joeun Pet Feed Co., Ltd, Seoul, Korea)
- CLA7": CLA 7Hd A= (Ab=e 1% < CLARZD
- PEG-CLAT: PEG-CLA #7bel AFR(AFEE 1% <= CLAHE7})

O Foluy: A9 A 797 normaltEE MG AHANA A% FANA AFRA
Ao =24a 7 s pRad A9 4 797 24 ARyHDe sl
AR AR W 4R g% FE AWael Ansh B TU0 AfAA

O Ab& #4] @ 7|2A 8 CLA, PEG @ PEG-CLAZ 7 2335 55713
& ol gl AA ahx o AAFHZ APARE AZ

O AEW &5 % Uy

- A AZ 794 heparin®3¥ DMEM buffer® perfusiond ¥ & 3=
o 4, B4 e A3
O A=

- AR F XA S (total fatty acid; cis9, transll CLAS} translO,
cis12 CLA; total CLA)
(3) AxA o 7] Hol A+
O FA5E: 8F% Sprague-Dawley (SD) male rat (HA% 250+10g)
O AIE viA
- tZ7: Normal diet
- CLA A&+ 80% CLA 4.5%37} (&= CLA 3.6%%+)
- PEG-CLA A#+: PEG-CLA 9%%7} (5= CLA 3.6%%)
O FAsE &
- AT Al st AHeamE 7t 4npe] A
- A S 2 AFAA] A Normal dietE 7o) AA Als AHAT 2 SAF =
Ab (Previous test: 2-3 43F AA])
OAZ7|k 5 3t

- dol: AP 6AM AFS B3tol dstd Ael® AYAA T A7 sl
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4C 3000 rpm, 1533 9 & 45 9= HS 51 AAEEF #1710+ -80T

of Xt

- EmRAY AEF 694 AP G A 55 PHoR B 45
Aol RAE SHsw AA AR FA YEAN F APAFE A7 80T
o w3,

OAbssh AZol AWt #% 2 24 AF19 243} FASA A4

t}. PEGylated CLAQ] fAFeFol] FoJA] #35 CLA o] A= H7}
(1) SAF5E: 1+ Ak (Saanen lactating goat) 67| (34 7] 49He)
(2) AF5 Y] : Normal diet] CLA ¥ PEG-CLAZ Z &3 5 55713 HS
o]-&ste] AA g stA i HAAFEE A FAEE A xS T
(3) A =
- )& Normal diet (tallow*3}H)
- CLAT: CLA #7}9 AlR (AFE% 3.4% CLAZE7D
- PEG-CLAT: PEG-CLA #7IE A2 (AMsE%F 3.4% CLAAEZH
(4) AFE #E] Al d 8YUxt MRS S5743kal NRC AtSETol 93ty AtsE
woletal Al AL 8UXE AR ES A AlA AlZH
(5) PEG-CLA Fof #H: Al /WAl § 49 52t of3, Ay 2 Fo 2t Al E
AgTFHEE Fo ST
(6) AFF AMEAH:

g}. PEGylated CLAZE 7ML R o7 399 SAA 2 CLA 3 AEZA}

(D) FA15F - 307195 =3 1€ A 30F(FHAAF 582.5 kg)

(2) Nd2A

- ) =7(10F), PEG-CLAT(PEGylated CLA, 105), Ca-CLA7-(Calcium Salt
CLA, 107)

- A, BAES 7 10574 SHEALRS 303 Ho] ¥ =S
e e PEG-CLA Ca-CLA
= EE'L = ] H X 5
Abe A S zAbe TFEAVEA 2% I HEFA | TFEA R+ 1% 9] 553
(0.4% <= CLA) (0.4% <= CLA)
A 10 10 10
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(3) A&7 1 17hEE0Y)7r

4) NEFA L= HF 4 3953

B) AMEANF =55 A5 4 ASF kg AE AF
(6) ZA}3H=

- MMNA T, TE5AT, AARAAT, d95A, =39 54
- Eolew ¢ FA/SFY 5w, sAUHA, SUAYE

- CLA 3%+ 54 & CLA &%

7} Alz¥ PEGylated CLA®| &4
84 A

(1) PEGylated CLA®] #24] W g
- kst Fej e PEGylated CLAS 3HeF ¥4 3}

80% CLAZ ©o]&3F 32mmol% ¢} 50mmol% CLAZ Z}7} 130T % 150CAZZ
702 pegylationdts CLA%HFS hexan®i= chloroform® FEWHS &8}
A gk A= o Table 73 #t.

)

sty 9 A3bo] 9% PEGylated CLAC]

Table 7. CLA concentration on different condition for CLA analysis.

Sample Ol 10412 6611 Geomen  Total CLA

———————————————————— G —————————_________
0% CLA 30.91  30.65  7.58 5.50 72.47
g% CLA 38.05  38.87 1.38 0.00 81.91
pemmol% PEG-CLA 9546 2592 1306 501 71.24
S2mmol® PEG-CLA 3300 3105 849 2.40 76.75
oommol% PEG-CLA 3393 38.29 1.87 2.32 76.56
150°C PEG=CLA 20.15  31.89  4.86 1.45 69.49
130°C PEG=CLA 30.61  31.35 5.15 5.34 71.22

PEG-CLA : PEGylated CLA

A2 PEG-CLA%T CLAFZ°] loJA+= Chloroforme ©]-&3d}+=
Pegylation®l CLAES F&3ol 3lo] Bop m&%¢lo] FlHAtt. of&e2 CLA
< 50mmol% 74 S7HAAE CLAS ke 32mmol%XH.tt IA A
o FRlslth. AlxzeE=xd 9lolA 150°CeE 130°CAFe] BhEA] eF5o
o] o]F Ao 7}ed 3 v CLAE g#38ta W XA Ax7)

o]

3

Mool v

A]
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s
CLAE

of A% W olg A

h 6

X
73+ PEG-CLAA| 27} f8]3 Ao 2 Algdt},

Ak

ol
fato)
fllo
N

h
rO
ol
L
£

uf 130°CeflA] 50mmol%

usi' o

(2) 23}l 23 PEGylated CLAS] ¢F8A AL
(7h) k9] HE bgAd A

AbE 5 free CLAVIFO2 1%E #7138 CLA 2 PEG-CLA lo]A] w9
A5 CLA &3l&S XA 235 Table 8o HeEhAT

Table 8. The percentage of CLA, derived from the experimental diet

through the i vitro fermentation

Fatt d Fermentation time (hr) SE
el 0 2 4 8 2 24

CLA(cis9, transll)

Control (%)' 100 1139 84.8 ND ND ND 0.23
CLA (%)' 100 45.7 142 115 11.7 6.4 0.15
PEG-CLA (%)' 100 48.1 28.6 237 245 232 0.12

CLA(trans10, cis12)

Control (%)' 100 201.1 3264 ND ND ND 0.55
CLA (%)' 100 1.1 1.9 ND ND ND 0.17
PEG-CLA (%)' 100 25.5 10.0 7.2 7.1 4.3 0.15

! % is CLA concentration after fermentation / CLA concentration at Ohr X 100

FolA B npe}l o] wrE 2x17bho] t10c12 CLAY E&&o] free CLAR g
T ol Bt PEG-CLAX 217} 24.4%2] #a7F @ =& o2 Yelgon, 44
el e c9tll CLAZS- 14.4%, 8AZFiolA 12.2%, 24X 7hthol 16.8%7}
free CLAZ g0l H]&lo] o1F wbgjdlo] o]3l wrgo] <]s] PEG-CLAS 75 wt
F9 Boaart dsol RIS ob&e] t10c12CLAS] A5 free CLAXHA
A5 g 8Aroll B RejEE whHo] PEG-CLAX #] T2 4% 2a 8AI7Hd o
92.8%°] ®al&S Hol PEGo] o3& free CLART W9 B3 G317} o 9go]
A=Ak o= PEGOl 93 RiFgde] & (Fsa s S7HA w59 A
AEd 93 HaE HAagP5oz F5H R

(h <& ANpH 2)WelA A A

pH2 QA1F9NelA free CLAE 2, 4, 8, 12, 24hr © 40%°]/delv &3l= 302
tt PEGylated CLAYIA= #3&& 30%% w=9atA golrt. 12]m=E PEG-CLA
= free CLA Ho= AA(F)UA o $-3 Jé e #a glew ddiHew &
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= ¥ CLARY F980] o 9 & o= 7[ddn. (Table 9)

Table 9. The percentage of CLA, derived from the experimental diet throug

h the artificial gastric juice

Time(h)
0 9 4 8 12 24
[tems
CLA Degradation(%)° 0 5472 53.67 4237 67.13  66.96
PEG-CLA Degradation(%)° 0 1017 12.38 2570 10.79  11.42

(H713 CLAN S Z~7Zthr 9 CLAE)/H7ME A% x 100
> hr 2 PEG-CLAZ degradation® CLA%ME/H7Fst PEG-CLAZ CLAZEF x 100
“(Ohr ¢ CLA%EE-2, 4, 8, 12, 24hr CLAE®) /Ohr FEA] A x 100

. FH(SD rat)ell 9lolA PEGylated-CLAT 917} CLAY % &4 9 §4/ A
WxA 0 2o oo mX|= JEF
(D) g% &5 nxEs 93

Figure 34-36<S HW dut 3 FHo| HA P PEG-CLA®I CLAS Fofste] d5d
CLA &48S A 23 g% cis-9, trans-11 CLA =S PEG-CLA A ¢

T 2holl A 4AIREA 02 FUbeke S YERIAIRE CLA A5 2holA e
S7Velthb 4Algbell= FAEE S e ob&d Fo 2h, 4hEFollA
CLAXE]F- Htk PEG-CLATAA  F7hste S48 B3 53] 4helA
PEG-CLA AH#+= CLA Ag7Ht Fo3t F7Fs Bt (P<0.05). 5ol
trans—10, cis—12 CLA9 3% mpx7lx 2 PEG-CLA A7 2holl A 4X]7HA}
ol = F7hskE WHH free CLA AHEl7-& #rashy 443kl A] PEG-CALA 2] 7-9]
dZo| A trans-10, cis—12 CLASIEO] free CLAXEFH T Fo4 2 A F7}
kTt (P<0.05). ©]#3t o]+ & d3 Total CLASFSE 54 PEG-CLAT7}
free CLATHUT dF CLAgZol =A Yerwth olgst A= CLAY

PEGylation< CLA®] & 588 v 5598 S7MIE + des A5
a3l

o
—

i

(2) FEH oz Ho] AT

AtE % free CLA7IZO® Fo] Al&% 1%2 #7138 CLA 2 PEG-CLAT]
o1 FHo CLAHC AEE 2AE A9 dzTel s CLAT A% 94 &
o1 CLA % PEG-CLATAA & 26.83, 71.89 mg/fAdx% 100g Fwo=
PEG-CLAA 277} free CLA Ao Hlgte] 2.58] o] AEHUTE (Table
10). ob2¥ CLA % PEG-CLAF®] Hl§ 8ol oA 4444 2 47379
AZS 24 An PSR M GFARAR FAF Aol F Holw X 2

RE A7) AAAT O QoM = tizTrell Hlske] ok S7FE BlYh (Table 11).
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Table 10. Composition of CLA in mammary gland tissue of lactating SD rat
fed PEGylated CLA

Fatty acids Control CLA PEG-CLA
——————— mg/100g of Total tissue ——————-—
c9, t11-CLA ND 13.62 34.46
t10, c12-CLA ND 13.21 37.26

Number of animals per treatment = 5

ND : not detectable

Table 11. Effect of PEGylated CLA administration on the growth

performance in lactating SD rat v

Item Control CLA PEG-CLA SEM?

Initial body weight (g/d)". 339.74 356.07 356.05 4.602
Final body weight (g/d)". 326.96° 347.40" 362.37° 5.055
Daily liveweight gain (g/d)". -1.83 -1.24 0.9 0.505
Feed intake (g/d)". 44.73 47.75 51.26 1.364
Offspring liveweight gain (g/d)?. 22.18 26.62" 24.57° 0.483

a,b, Means in the same row with different superscripts differ significantly(P < 0.05).

5
10

1) Number of animals per treatment
2) Number of animals per treatment
3) SEM : standard error of means.

ofN

o]’¢e]l A3}E PEG-CLAY free CLARTE &% eollA o] 57t &olatn] x4
S = Aol 258 o) S7hE = AeE 2]l Hd.

(3) AzA oo o] AT

e A A 7TE AARAHFE free CLATY PEG-CLATAA EU3 AL
AAFS BAdom AlF 7|3 st AFHsol s A7t 327 YEREA]
(Table 12, 13).

Table 12. Feed intake level during experiment period

Food intake (g/d) CLA intake (g/d)
Normal 25%1 0
CLA 25+1 1.125+0.023
PEG-CLA 25+1 1.125+0.023

Data are averagexSE of 4 heads
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Table 13. Changes in body weight (g) during experiment period in SD rat
fed PEGylated CLA

0 day 1 day 2 day 3 day 4 day 5 day
Normal 280.3%£2.56 285.8%+5.08 286.9+5.85 289.6%£3.28 296.9t4.4 309.7%£5.3
CLA  279.8+3.99 280.4%5.44 283.1£5.51 288.3%£8.75 297.5+9.91 302.4%+9.56
PCLA  279.6+3.7 278.843.43 287.314.42 293.5+£3.83 303.8£5.40 312.1+4.65

Data are averagexSE of 4 heads

SHAIWE Table 1404 Hi= nle} o] EAX|urghafol|A] tjz+ol H]ste] CLAT
2 PEG-CLAT7F 94 9+ 74AE B9 o1 (P<0.05), CLAT9 PEG-CLAT
Abololl = BAIA FAdA7F BEE A k)

Table 14. Change in the visceral adipose tissues in SD rat fed PEGyated
CLA

Normal CLA PEG-CLA

Fat mass(g) 5.0£0.17° 3.240.76" 4,1+0.57°

Data are average=xSE of 4 heads
a, b different letters denote a difference (p<0.05) in means
ND, not detected

H Aol ostH CLAS F83%k AglgdAd o] A= cis—9, trans-11 CLA%}
trans—10, cis—12 CLAo|Y ol&& Mz &2 AT 7IA 1 Yvta B st
Ak o5 CLA o]AdAl%F cis-9, trans-11 CLAE ¢ Z8o] 9& Hbd
trans—10, cis—12 CLAT 753 A3 A 280 Aot w555 F3 ALt
Eol A cis—9, trans—11 CLAY & Z}7} 80-90%°]1}, trans—10, cis—-12 CLA
o] 2 20-30%c°ltt. 1EAIRE . AFo A AREE CLAYE cis-9, trans-11
CLA : trans-10, cis—12 CLAZ} 1:189]& =2 t10c12 CLA 3$F=o] c9tll CLASH
FTLILE sFolt. o9} 22 o]f= AHH trans-10, cis—12 CLAS] =&
ofshof HAkx 1%@ il dFE MHS AR Almdnh ol Ho¥ free CLA
2 PEG-CLAZ} dF AWl F=HAS (HHAe2 Fsta ). olggr A+
Fof 6dA A HAF AW T CLA S AR 43 gixTd v]ste] CLA
2 PEG-CLA A7l 3lolA (P<0.05)& B o5 YF3s
53] Figure 35914 WEpdlnte} ko] CLATl H|dte] PEG-CLAA 2%

% trans-10,cis=12 CLA 3rFo] frolat Z7HP<0.05)7F el H=d)|
4 CLA®l Hlste] PEG-CLA®] Ats W Fo7h HHe] A =4 W Hol&
7}’\] Ae AAbstaL Q)

=
o

i‘-l> oF
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t}. PEGylated CLAS] Akl Fof Al 5 CLA o] Ax H7}

AlE % & CLAZIFCR 34%% #H7Fe CLA ¥ PEG-CLATl oA f 4t
F A R frE A A A AdAT Fof gFAelE = W diE=T
o] ¥lsted CLA R PEG-CLAT-9] 49 frashs 4% H3H (Table 15)

Table 15. Effect of the supplementation of PEG-CLA in feed on milk

composition in Saanen goats.

* Increment = After experiment — before experiment

Number of animals per treatment = 4

-

53 b, A, e % T AW Y A A dHEbeth B
o] ¢]3}% Dhiman(1999)% < extruded soybeand extruded cottonseedE Al%
of H7}ek 284 AaEFo] 4.8%9 TMR AFRE H| 59 Z2Ek] Ao 717}
woletds W FAY el dauAvta s3ltE. ob=d Dhiman(1999)% 9
ATNAE F5e Cuwi®l 7M1 AW o] FaEHe FHoE YERTh
Palmquist (1986)% H]-+-9-° 100g9 A< wolstd fFalde] ko] 0.03%
HAaE e x kg, ol2d A= Dhiman(1999)9] Aol 21H A
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o} o]E59] AF ARE By HF9o 100g9] FALS FAY A5 o g
Fol Hd 0.0456% #HAHJY. 53] wFAR AFE Fo= frT trans-10,
cis—12 CLA®S &s F7F Alzlen 714 trans-10, cis-12 CLAE fAdelA
FASO| TdS frolid oAl oAsksler LPL¥ SCDe| dd= dAlst= B
YR T Aok =3 mouseE o] &% B2 AFAHE BHY CLAY Hoe S
T TGS NEFA®] ¥E8 9t3E 2go] glom MlxeA TGS FA3 w|
oAl gk skl

i mlo

Table 16. Effect of the supplementation of PEG-CLA in feed on blood

metabolites at day 2 in Saanen goats.

Day 2
Initial Control CLA PEG—CLA
DL 1663 * 1143 1632 * 17.14 1555 % 550 172.8 £12.26
LDL 39.3 + 4.06 343 + 4.61  33.0 £ 4.95  35.8 + 5.28
T—Cho 135.7 + 9.87  129.3 + 15.12 120.5 + 7.04 137.8 + 12.59
TG 14.0 + 0.82  13.8 = 1.65  13.8 + 3.64  14.3 + 3.64
Glu 740 + 227 718 + 250 673 + 149 713 + 3.20
NEFA  86.0 + 12.37  100.3 + 13.29 958 + 12.66 110.0 + 18.51

Data are mean=SE

Table 16, 1714 YeRH A o] AEdiAL & dF oAt
= 58 SA2 folats Hola A &Auk NEFAS 7

27 (P=0.053) ¥ CLAT(P=0.069)l] H|3}e] =& ZAnZ wsith o]E CLAY
Ads] matel A 711E Ay} AR Th

Table 17. Effect of the supplementation of PEG-CLA in feed on blood

metabolites at day 4 in Saanen goats.

Initial Day 4
Control CLA PEG—-CLA
HDL 166.3 £ 11.43 162.2 = 17.72 154.3 £ 7.39 171.5 = 13.11
LDL 39.3 £ 4.06 33.5 £ 5.17 30.5 £ 3.71 37.3 £ 4.75
T—Cho 135.7 £ 9.87 128.3 £ 16.14 118.3 £ 6.34 138.8 £ 11.82
TG 14.0 = 0.82 13.5 £ 1.04 15.5 = 0.65 155 £ 1.85
Glu 74.0 £ 2.27 67.5 = 3.50 69.0 £ 1.22 65.0 £ 2.35
NEFA 86.0 £ 12.37 110.8 = 12.50 109.5 £ 15.02 149.3 £ 9.94

Data are mean*=SE
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Table 15914 FAW ZAZA3= 2 A¥E Jd3ste A9 ARy =
CLATF M = A 747 o 2] e A9 NEFA 555
HstE HolA ¢ A¥de £ o glyojord Fitoly : 5
3to] CLA % PEGT-ollA ® Oﬂ?oﬂﬁ % CLA 3 W3l=
ZAE A3 & CLAY Agle izl H| 0}04 = CLA %9 Wsls ®
oyt PEG-CLA Ag < 49 =19} CLAA 0.8 mg/milk fat 100gel ®
3] PEG-CLA F-ollA4 1.3 mg/milk fat 100g 52 & PEG-CLAX 277} %
7 % free CLA A2l Hlste] 1.50) o] =4 A==tk (Table 18). ©]
s E dolA & CLAAMZ = wreuelA 79 i w37 o] Fo1#] a3
a7 ] FEe] A4S Aet AbmEm, vhAC PEG-CLA® 49 PEGA
gl oty REFY PAE FAS aHoR Wodge EE fohge] o¢t
2N 2% AudIAERe F5E XA Ve 4 #3Fgdoe=w
free CLA Aol vlate f%F CLATHS S7HAZHS 2= Ats

O

Table 18. CLA composition in goat milk! (g/100g fat)

Days Treatment
Fatty acid Control
(dose of CLA g /d) CLA diet PEG-CLA diet
CLA cis9, transll 0.7£0.15 0.7£0.12 0.7£0.17
Day 0(0g) CLA transl0, cisl2 ND? ND ND
total CLA 0.7£0.15 0.7£0.12 0.7£0.17
CLA cis9, transll 0.8+£0.12 0.8+£0.14 1+0.2
Day 2(12.5g) CLA translO, cisl2 ND ND 0.2+0.04
total CLA 0.84£0.12"  0.8+0.14" 1.1£0.13"

CLA cis9, transl1l 0.840.03"  0.8%0.15" 1.1+£0.17°
Day 4(12.5g) CLA translO, cisl2 ND ND 0.3£0.08
total CLA 0.840.03"  0.840.15" 1.3+£0.19°

I values are the mean + SE for 4 goats.
2 Pdifferent letters denote a difference (p<0.05)in means between diets within a row.

ND, not detected.

22507 PEG-CLAT & CLART ¥3=2lu] CLA Ed&0°] 1295 #Hawa
© HolE 8|54 st fF5 CLA Ssfo] 1.5u] o] F7ty+= Aoz ¢

Z}. PEGylated CLAE 7S Fo17F 3+9-9] 44 2 CLA =4 A E XA}
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Table 19. Formulation (% As Fed) and chemical composition (% DM) of

compound feed” in in vivo trial.

Control PEG-CLA Ca-CLA
Formulation
Barley 5.0 5.0 5.0
Wheat 10.0 10.0 10.0
Wheat mill run 8.5 8.5 8.5
Soy hulls 12.0 12.0 12.0
Salt 0.66 0.66 0.66
Molasses 4.0 4.0 4.0
Whole cottonseed 33 3.3 33
Corn 4.7 4.7 4.7
MgO (50%) 0.2 0.2 0.2
Soy oil 1.0 - -
CLA-Ca Salt - - 1.0
CLA-PEG - 2.0 -
Flaked corn 25.0 25.0 25.0
Palm kernel meal 7.0 7.0 7.0
Condensed molasses solubles 0.4 0.4 0.4
Glycerin 2.0 1.0 2.0
Corn gluten feed 12.0 12.0 12.0
Limestone 0.43 0.43 0.43
Corn gluten 0.14 0.14 0.14
Soy bean meal 3.5 3.5 3.5
Mineral premix 0.13 0.13 0.13
Vitamin premix 0.04 0.04 0.04
Total 100 100 100
Chemical composition
DM 87.32 87.29 87.32
Ash 5.08 5.09 5.10
Crude protein 13.7 13.7 13.7
NDF 27.49 27.49 27.49
Ether extract 5.08 5.11 5.05
Calcium .66 .66 0.67
Magnesium .39 .39 .39
Phosphorus 46 46 46
Vitamin A, [U/g 3.9 3.9 3.9
Vitamin D, [U/g 1.43 1.43 1.43
Vitamin E, [U/kg 127.7 127.7 127.7

Y Compound feed was provided ad libitum and average dry matter intake was 9.02kg/day/head.

In addition, 1kg of rice straw was provided to each animal daily.
The Ca-CLA (no brand name) was produced and purchased from Humass Ltd. Seoul, Korea.
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Table 20. Fatty acid composition in experimental feed

Fatty acid composition (%)

Fatty acid Control PEG-CLA ___ Ca-CLA
Caprylic acid(8:0) 0.74 0.05 0.09
Capric acid(10:0) 0.68 0.22 0.23
Lauric acid(C12:0) 8.67 5.15 5.36
Myristicacid(14:0) 3.10 4.76 4.13
Palmitic acid (16:0) 13.12 12.68 12.51

Palmitoleic acid (16:1) 0.35 0.32 0.27
Stearic acid (18:0) 4.19 3.81 3.65
Elaidic acid(18:1,trans-9) 21.98 21.77 21.73
Linolelaidic acid 35.33 31.63 31.93

(18:2,trans-9,12)
Linoleic acid (18:2,cis=9,12) 0.32 0.22 0.22
Arachidic acid(C20:0) 11.51 9.14 9.36
CLA (c9,t11) (18:2) ND 4.64 4.76
CLA (t10,c12) (18:2) ND 5.60 5.76
Total CLA ND 10.24 10.52

ND : not detectable

Table 21. Effect of a supplementation of PEG-CLA in feed on the carcass

characteristics in Hanwoo steers.

[tems Experimental period

Initial (ultra sound) Final (slaughter)
Control PEG-CLA Ca-CLA Control PEG-CLA Ca-CLA
Body weight(kg) 582+4 583+4 582+3

Marbling score 3 3 3

Back fat
thickness(mm) 8+l 8*1 941

Data are mean*=SE

B o= PEG-CLAEHZ Al8%F H7Fd CLAZE AAES 54 =44
olPP=E FAot] CLA L3 5L AFE Aldstr] 9t 2670E =" =
(B AT 582.5 kg)E ol&ste] 17HLZ AFAIA S A A8

S AASF AR oA Fskd 1hE AA FH Lo

WA s Te] Hld xR £7] Este EAl7F EAEke] 20094
A=Ak kA E HaMoA e T4 240 CLATHE
et on 9 s 2] FY AR | H7RA B sk
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CLAY st3]g Haslabr] sjste] ofg] 7bA Wy Algstel asx<l
TN L, ALFAI ] ek S et Ay 5ET &

A
AbgEH T Eeke] AaE v FH = W SRl At T e

d

o] AFE F3dlo] 40%9 = CLAEH 80% CLAE PEGS’Jr 7 130°C ol A
PEGylations £3

CLAXTE Holgd E&2 dF5F @EE SRl LE J**I‘EJ B} O}Eﬁ 0161
st B0l FAtY o7 %

=9, &

= =
o] 7lth=lof it}
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Fig 1. The reaction scheme of PCLA. The CLA was
simply coupled to PEG at the melting state without
solvents or catalysts through ester linkage between the

carboxylic group of CLA and the hydroxyl group of PEG.
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Fig 2. The reaction scheme of PCLA. The CLA was simply
coupled to PEG at the melting state without a solvent or a

catalyst and handled under a dry nitrogen condition.
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Fig 3. Synthesis scheme of Plu—-CLA.
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Fig 4. Representative 1H NMR spectra of PEG (A) and CLA
(B). The peaks at 3.4-3.6 ppm in Fig. 4-A were assigned to
the protons of PEG and the peaks at 5.2-6.2 ppm in Fig.
4-B were assigned to the protons of double bonds of CLA.
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Fig 5. Representative 1H NMR spectra of synthesized PCLA.
The peaks of double bonds of CLA were clearly detected,
indication of the successful PEGylation of CLA through ester
linkage between the hydroxyl group of PEG and the carboxylic
group of CLA.
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Fig 6. Plots of mole fraction of CLA in PCLA
according to reaction times (1, 3, 5 and 7 h) and
reaction temperatures (70, 100, 120, 150 and 170 ).
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Fig 7. FT-IR spectra of PEG (A) and PCLA (B).
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Fig 8. TEM image of PEG 5000
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Fig 9. ELS measurement (A) and TEM image (B) of
PEG 2000

_47_



No conv, Distribution(no)

100
75
+ =50
T2
0

|

S Ty S ——

e
ol =

.

50
L i

e B

]
|
i
i
m
Uo13NG 4381 "AUG) ON B

Fig 10. DLS measurement (a) and TEM image (b) of

Plu-CLA NPs.
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Fig 11. In vitro drug half-life (A) and release (B) study. (A) In vitro
half-life of PCLA was carried out in cell culture medium at pH 7.4
and 37 °C. The half-life time was measured by UV spectrophotometer
at pre-determined time intervals. (B) In vitro release test of CLA from
PCLA was investigated in DMEF (pH 7.4 and 37 °C). At specific time
intervals, CLA release was measured by using HPLC and UV detection

of CLA was operated at 260nm wavelength.
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Fig 12. Cell cycle and apoptosis analysis after treatment of CLA and
PCLA in 3T3-L1 cells. 3T3-L1 cells were seeded in 12-well
polystyrene surface (PS) plates at a density of 5 X 10° cells/well
containing DMEF and treated with CLA and PCLA for 72 h. The
3T3-L1 cells were harvested and analyzed by FACS. The sub-Gl
region represents cells undergoing apoptosis—associated DNA

degradation.
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Fig 13. Effect of CLA and PCLA on cell viability in
3T3-L1 cells. 3T3-L1 cells were seeded in 12-well
polystyrene surface (PS) plates at a density of 5 x
10° cells/well containing DMEF and treated with CLA
and PCLA for 72 h. The 3T3-L1 cells were analyzed
by MTT proliferation Kkit.
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Fig 14. Cell viability of PEG, CLA and PCLA. (A)
MCF-7 breast cancer cells and (B) NIH 3T3

fibroblast cells.
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Fig 15. DAPI staining of CLA and PCLA.
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MCF-7 cells were seeded
plates at a density of 10 x 10* cells/well and treated with CLA,

48 h
Plu-CLA (a) or Pluronic F127 (b) for 24, 48 and 72 h.

Time (h)

43 h

Time (h)
—CLA and Pluronic F127 on cell viability in

M h

(%) Aamgein 1192

Fig 17. Effect of CLA, Plu
MCF-7 breast cancer cells.
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Fig 18. Effect of CLA and Plu-CLA on apoptosis of MCF-7 breast cancer
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cells. MCF-7 cells were seeded in 12-well plate at a density of 20 x 10

cells/well and treated with CLA or Plu-CLA for 72 h. The MCF-7 cells

were harvested and analyzed by FACS. The sub—-G1 region represents cells

undergoing apoptosis—associated DNA degradation.
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DMEF + INS # Cocktnil

MNon- treated
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Fig 19. ORO staining after treatment of CLA and PCLA
in 3T3-L1 cells.

3T3-L1 cells were treated with DMEF + INS or DMEF
+ cocktail for 15 days in the absence or presence of
CLA and PCLA. Adipocyte precursor cells placed on
DMEF + cocktails were able to undergo full maturation
into adipocytes, whereas both CLA and PCLA reatments
of adipocytes blocked the accumulation of lipid droplets
in the cytoplasm on either DMEF + INS or DMEF +

cocktail conditions.
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Fig 20. EVect of CLA and PCLA on expression of
adipocyte marker proteins by hormone-induced
adipogenesis. 3T3-L1 cells were treated with DMEF +
INS or DMEF + cocktail for 15 days in the absence or
presence of either CLA or PCLA. Western blot analysis
revealed that treatments of both CLA and PCLA inhibited
the expression of major adipocyte marker proteins on
both  DMEF + INS and DMEF + cocktail conditions,
which normally increase during adipocyte differentiation

(non—treated control included for comparison).
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Fig 21. Expression of PPAR2, C/EBP, and aP2 after CLA
and PCLA treatment of 3T3-L1 cells in dose-dependent
manners. Adipogenesis was induced by DMEF + cocktail
in the absence or presence of CLA and PCLA for 15
days. Western blot analysis revealed that treatment with
CLA or PCLA inhibited the expression of major adipocyte
marker proteins, which normally increase during
adipocyte differentiation (non-treated control included for

comparison).
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Fig 22. Effect of CLA and PCLA on lipolysis of cultured
3T3-L1 cells. 3T3-L1 cells, after serum-starved -cultures,
were treated for 72 h with PEG, CLA, and PCLA in the
absence (=) or presence (+) of 10 M isoproterenol. Lipolysis,
expressed as the amount of [14“]-oleic acid released into
conditioned medium after treatment, was determined by
scintillation counting. Data are expressed as a percentage of

control level (control, —isoproterenol).
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Fig 23. Effect of CLA and PCLA on glycerol release of
cultured 3T3-L1 cells. 3T3-L1 cells, after serum-—starved
cultures, were treated for 72 h with PEG, CLA, and PCLA
in the absence (=) or presence (+) of 10 M isoproterenol.
Glycerol release test in the media was determined by

using a GPO trinder assay.
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Fig 24. Effect of PCLA diet on MDA and antioxidant defense levels in
whole homogenate and mitochontrial fraction of liver. Data were
analyzed using one-way ANOVA, followed by paired Student's t test

for multiple comparisons.
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Fig 25. Effect of PCLA diet on adipocyte marker protein
expression. The primary antibodies used were mouse
monoclonal PPARyZ2 antibody recognizing both PPARy
isoforms and mouse monoclonal antibody against mouse
C/EBPa. Secondary antibody used was horseradish
peroxidaseconjugated antimouse antibody. Data are

expressed as a percentage of the control level.
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Fig 26. Effect of PCLA on lipid droplet—associated
protein expression and localization of cultured in 3T3-L1

cells.
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Fig 28. Effect of PCLA on adipo-cytokine secretion and expression In

cultured of 3T3-L1 cells.
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Fig 29. Effect of PCLA on lipolysis depends on the ERK

activation of cultured in 3T3-L1 cells.
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Fig 31. Effect of pharmacological inhibitor on PCLA-mediated nuclear

accumulation of p—ERK of cultured in 3T3-L1 cells.
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Fig 32. Effect of MEK inhibitor U0126 on PCLA-induced lipolysis -
Differentiation of 3T3-L1 cells was induced.
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Figure 34. Changes in blood CLA concentration after oral injection
of PEG-CLA in SD male Rat.
The plasma CLA was not detected at O hr and normal group

* p<0.05
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Figure 35. Effect of PEG-CLA supplementation in feed on
CLA concentration of visceral adipose tissues in SD male Rat

* p<0.05
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