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(57) Abstract: The present invention relates to
[Fig. 1] a composition for improving blood triglyceride
levels, the composition containing, as an active
ingredient, 100-5000kDa of molecular weight
of a poly-gamma glutamic acid, and more par-
ticularly, to a composition for improving blood
triglyceride levels, the composition containing,
as an active ingredient, 100-5000kDa of mo-
lecular weight of a poly-gamma glutamic acid,
which inhibits the generation of fat in adipo-
cytes and reduces the expression of glucose-6-
phosphate dehydrogenase activity and adipo-
cyte ditferentiation-related transcription factors,
thereby improving blood triglyceride levels.
The composition containing the poly-gamma
glutamic acid according to the present invention
is not toxic, does not have side effects, and is
safe, and thus can be ingested for a long time
for the purpose of prevention, and is useful in
preventing and treating metabolic diseases
caused by triglycerides.
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ezt Tk HoE7E A Asf el 23 d=AlE S48
9131 Oil-Red O staining S A Al 313 T}, Oil-Red 02 A 31 A ¥H A4 AW,
cholesterol ester?o] A5 31 71 9] G- A HFAF, Q1 %] A L o Alo] ¥ %] ¢ki=t}
Ape] &2 g 2 g Fito] FA X Ho] 7] wlii-oll Oil-Red O 3 4 3}
A s A D AN 2ol AEE GRle g Q) B A j ol A= AR s ol
A3 el 29 1,500, 2000 kDa & Al 22 ZHE 0.5, 1 mg/mLe] %
g 3ho] #3815 F 128k 5 Oil-Red O A &-o] 9732t dAn 4 o= #&3 3l oh
e g FEARS A el ekA] oL W-8FE F sk lS 5ol A2 W lipid
droplet®] &7 o] &itslA flv] = o= P lov, EedvtaF Ak
=] o] 2] 3}o] lipid droplet &4 ©] 1, 500, 2000 kDa =5 5= 2]=4 o0 &
A= Ae gelskalnt

A ptof] ¢ 20 Qil-Red OF isopropanol & 8- A H FHEE S 43 A3}
Zelghvb= T k] Ca @B 71 Na & Eijol] ¥l 3l A 4] o2 A 541&
Ael stk gE e 53] He 3T ek Ca P H 1,500k
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A& mel 1Y 4 HahE b AT,

2-2: Glycerol-6-phosphate dehydrogenase <] #] &l & 3}

GPDH+= A" 2 -8 A 3L ol| A] dihydroxyacetone phosphateS glycero-6-
phosphate 2. 71 -5} © 2 M| Triglyceride(TG) A 31/ o]l #oJ3l= G4 F2
ol wekA EE|ghvlI T gkl 9 &k FA A A4 7hA ol GPDHE
o] o] -5 ¢robr 7] 93] Oil-Red Ol A -3 &3+E LEF Ca FEl 9] 1,
500 kDag & 2 A8t glvk Al 88 A e ahA] & izl | sf 7 LA
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Aow gl .

[58]
(59] 2.3 A|EE pE AAROIA ol 1] K= g
[60] A A SR A XA SE = 815 = adipogenesis #H8 B FRFC

adipogenic transcription factor& 9] @A 4 ¢l 24 o 9 3}o] FkE = o=
ekl & 2lt}. £ 3] o] 2] ¢k adipogenic transcription factor& % | 4] C/EBP & PPAR
family7} - 2.3k & eh-3 sz Al o2 W arE v A s R Ao mEw
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[63]
[64]

[Table 1]

ARAE o] T2E R

PCT/KR2012/008158

A SRR FEG Letoln)

Primer [Sequence A d
<

[—actin [Forwar | b'-CGT-GGG-CCG-CCC-TAG- |1
d GCA-CCA-3'
Revers | 5'-CTC-TTT-GAT-GTC-ACG- |2
o CAC-GAT-TTC-3

C/EBPa |[Forwar | 5'-CTG-CGA-GCA-CGA-GAC- |3
d GTC-TAT-AG-3'
Revers | 5'-TCA-TTG-TCA-CTG-GTC- W4
c AAC-TCC-AGC-3'

PPARYy [Forwar | 5'-CGG-TTT-CAG-AAG-CTC- ]
d TGC-TC-3'
Revers | 5'-GCC-ACC-TCT-TTG-CTC- 6
e TGC-TC-3'

SREBP [Forwar | 5'-CTC-AGG-TCA-TGT-TGG- [7

1 d AAA-CC-3'
Revers | 5'-AGA-CAG-GGA-GTT-CTC- B
e AGA-TG-3'

FAS Forwar | 5'-TGC-TCC-CAG-CTG-CAG- |9
d GC-3'
Revers | 5 - AGA-CAG-GGA-GTT-CTC- (10
o AGA-TG-3'

Leptin [Forwar | 5'-CCG-CCA-AGC-AGA-GGG- |11
d TCA-C-&
Revers | B'-GCA-TTC-AGG-GCT-AAC- |12
c ATC-CAA-CT-3'

21 A5, 1 kDa®] AEAF FEjgteb2 FHAkS sl 2 A ¥ 5 PPARy S}

[
C/EBPu?] mRNAL & o] 527} S7}ghol] mhet -0 4 o = A4k A&
golsl Yt} 53], 1 mg/mL= # ] 319 S u] PPARy2} C/EBP02] mRNA W& o]
747t 58%, 38% 41 2~310], Oil-Red O ¥ A5 &gk Al 232 Aol A A3kl
Rh o], 500 kDa o] AL-A} E e ZhvbaFEAk-S 5 = 2 A 2] 8k C/EBPad]
mRNAT & 512 o &4 02 qhashs S B AW PPARy] el &
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[65]

[66]

[67]
[68]
[69]

[74]

5ok IA o] o Al o th 2Tl Bl &) W3 xko] 7} 4] ekt
TS 1 kDa®l+ 2 7] 500 kDadll A ¥k PPARY ligand A /d o] ¥ 3}
HAFRIARS] SREBPIc] &l o] 52 N o] &4 o 2 Aol & 8<lek i,

PPARyT AW ALE 243} leptin B A W §HA] of] 0o 3)+= fatty acid
synthase(FAS)2] W&l & Z A 3l=t], leptin AW A| Lo A AAs}aL d#Ao =
| o] Aol ENh F3E AT 8k A S 2l 1A 2 A A vkt
oS ST AL AR S A a7 Ay A A 7HA AL dvkal
X 315 51 9T} (Baile, Della-Fera & Martin, 2000). McDougald, Hwang, Fan & Lane
(1995)°l] w}p = ¥4, 3T3-L1 A| WAl 2 &= -8} 3k 5 5 lepting AY2Fslo] Al T o2
RS2 A1 WPl L epind] % A A 2t o)
A S P a0 0 1E . 2 2510 4] 500 kDa 7l 2] 7ol 4]
o] £ 4 O 2 leptin mRNA 3l o] & A3} 744315 =, 1 mg/mL2] & oA
F63% 2] 322> A3 &5 B3T3 500 kDa 0.5, 1 mg/mLol 4] FASS] mRNA
wralo] o)z ol nl5sjol o) o2 k2890,

S e] el g B Rk ARl A ke ERUIRE RARL AR
oft]ek 1 9] o] A|ela} e 914 E 0] mRNA WE & 2T, ol el d
Arel o] el e th o] A A E v TGS A kst ) shol,
Fo) oL Aol o8 AARIAE ) W 2lo] Hol ki A0
el v

O
r

2-4: A F 24 Al &3t

3T3-L1 A A 32 TG 4ol WA = &5 Lobi 7] Afstke] TG &&=
S A5 A3} g 2ol A TG g2 158 nmol/mg protein ©. = L} EFSET}, Ca 3 El
ZY7vtEFEake] HoF o i TG $hE2 A A 4 o = 1 kDak. t} 500
kDa7} St} 53], 500 kDaoll A 0.5 mg/mL & =+ 81 nmol/mg protein¥} 1
mg/mL & = 95 nmol/mg protein O = U] &7} H| 1l 3}o] A ] FA4) X2
=28 frol & o2 A4 a3t vk, 0.25 mg/mLol| A 9] A=A L HhA} e}
e a7 gle A0 R Hol e N EA 0 R TG F4 o] A S

A Ao 3; P wdlol A o Eefghvbdpebate] AW A 7%

&S
IS
o
§
_‘

BN
o
[\)
aQ

5
411
>
5
N
-3

%]
=
=1
A A & 5 AF57t Aol AHE A ;q E]q]/\}’ a‘g%’ ;qaop,q]i %78}
FE R AP B A el v A= G &S S 6kl

o
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[75]
[76]

[77]
[78]
[79]

[80]
[81]

[82]
[83]
[84]

T F 40mH] & ARG AR S-S C, Ul 52 65+5
% o Sk BF F7]= 1241 K25 94 o] Eo] AFH SR akglom, 7H2t
A QL 75 Al o] Ao A A gIT), A 2 B ol 4]-go] Ed &, AP TS
2= WH(NC) 107 oF 23341 H 7 (HC) 307 = 29 A7 ah& v

= 3lar, A FH o 4k o] Al (4] o)

O] &2 A4 o] il

FAY] 63% ' o] AFH R s AREF o R FeFT)

AP FH T Rl S vkl F ZF 1ovh A 3T o= A R ARl S
L4=o], A< 5 y-PGA (150mg/kg bw) ¥ 315 5 y-PGA (300mg/kg bw) ol Al +=
v-PGAE 4573k 2 - 5F0] 3lQltt. 4571H9] 2@ 2l o] o7l £ 5, d A o] %4
AR R Zhe] A cf AL A S kSl

N

3-2: S AR FE Y AU S HDL-Fd 2~ H = 9 LDL-Zd| ~ 8| &
LG A o] - yPGAE 477 HAA ] Aol M &= 238 2 3 2
LDL-Z# 28 & 527} -2 4 o7 74549 o, HDL-Z d| 28 &2 5718
Aoz yehdt), angAol 8 F& EHARLT AT R A
o] HWal 300mg/dl 0]/ 0.2 FEH FS g2 F- 4577 yPGAE 4 F ¢l
A, sk ajol i Qlake] F7hd S X171 yPGA A H E Fate] 4
T2 200mg/o] o] sF = vtol X A o = e T
%2
[Table 2]
Ay
NC HC HLP HHP
TC(mg/dl) 76.5+4.8° 103.2+3.7° 84.0+2.3%" 88.242.0°
LDL-C(mg/dl) [38.7+2.8% 46,944 6° 30.5+2.6° 34,242 2°
HDL-C(mg/dl) [33.8+6.3° 11.8+5.0° 12.0+3.5" 45.346.0°
FFA(UM/ml) 141.2445.1% 490.4+42.3>  [318.7+£40.5°  [390.9+34.2%®

1) NC: AA ol HC: natgA o], HLP: z3tg2le]+ 150 mg PGA/kg bw ,
HHP: 332 o]+, 300mg PGA/kg bw.
2) Values are expressed as the mean = SEM, n=10 rats per group.

3-3: {h] 2 ET-6-A A A G A mRNA 314 2
SEEF6-C A F A 9] mMRNAS 2 A7 RT-PCRE =4 3 A3}, yPGA 2]
@]

2 R AR WAL ] oA om0l
=

o)
71l G6PDH &4 9] g4 o] yPGA 4 # &



PCT/KR2012/008158

12

WO 2014/058083

[85]
[87]

ol K
e N mmﬁ S

X o}/ =K m_l ] O - N
B W D odo B me
,ﬂl ‘m_ﬂ MM — o} ﬂOﬂ ,UF O# ™ H\:l AL &

o .
DT._ U_X ,ml rLAlw_ ﬂ w ‘_ﬂal ;oT ‘Ul s
X

X- To 0| = Uk oR ool
LR
A A
HcM]ﬂnmﬁZ\WLtLlo#oioaﬁLl
<r N I~ o 1 ol 1o
EE J.Hor.c LO‘WE r —_
< S el P X
@Eﬂ@ﬁﬂ%iiﬁ]i
~ — of _-
e 0 S SR N
pel (- @WWJ Wr o =r do M%
T ol TET Ly
I Nl i i A
%Wz%m P e
N o R = 00 B =y — O
< g

Al o S N 0N
9 o o o T Y Sy o B
H\:l‘ZIADM o° :TDZTOH‘UIJI
SR oot go I e oy B
. 53 H g

N B — mx o, oo BX g Lo W

XX
Gl R o

do ko X% ol B M B H o] B
g Ep TR oy W
= o Bt o Mo X o 0 E B
S o gl oo
of oo TP e X0 g o TR M RE W
Bi Ho B %0 o oF w0 Uo B T Mo 4 o

=

) 5ol
=

S

Paired t-test,

.

-

o] A} w5

o] B 1l += t t-test, ANOVA, Multiple range testel| 2]
Pearson's correlation method

315 2.1, SAS Y- SPSS PC program ©]-&,

S

g

o

=

]_

°©

17} 200~260mg/d1 = 7] 5=
3

W sIPA S|
715 (P<0.05)

[89]
[90]
[91]
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[Table 3]
07rekE ok

295 2 A W 8

Az @ [dA 5o 4 A7erd A

Gpa HAT I 2 R Fold x4

A |91 Abeery B4 )

VA G [ WE A AT A TS, A X A
/L AY/LEA, B A, A, A
a5, AN, At S g e 2
ok

MA AS |2, AF, sielEd, J¥elEd, BMI

4335 ER AR

A ERAAL (AT, AAEE, AR
AR 2 2447 AAMIE 7] EHE ol St A FuUh FFAAEE

[92]
[93]
[94]

[95]
[96]

Nz o)zt [ser
AglatAAL |- dAe-A AL} WBC, RBC, Hemoglobin, Hematocrit, MCV %
Routine CBC A}

- 7% AAF ¢ GOP, GPT, protein, albumin, alkaline
phosphatase, bilirubin, y—GTP

- @HAE AA  FEEsHE, F4AY, LDL-Z2H2H E
HDL-Z#| ~H 2

- A YA AAF : glucose

- 2 &7)s #AF  BUN, creatinine

- WA 715 EAE 0 TSH

- A& A 7AA} : Na, K, Cl, calcium/phosphorus

- B3 HA} : uric acid

& A} : protein, glucose, blood, ketone

AAE | g a4
FWE T [AFAE oINS WFEA Felatin, BEFE 950
$3EW |£3EF AdET

4-1: d7 A4 HAF A

8F 5ol & Fo| 28 Z 2 PGA ol A 16.76mg/dl 7H 438131, ¢ oFr ol A
17.42mg/dl 7F2~3ko] 9] ofuto] Y @Wol fhagh Al o2 YEw oL A4 0%
o a4 = ekt (p=0.937). 5F i 7+2] 8<F F-of] TAI A WS 1] L &
ol A 44.62mg/dl 48R AL, $ oF kol A 1= 31.37mg/dl T 7Fste] k7]
BAA O o] g 2fo] & Y EFH T (p=0.029). HDL-3 &l 22 B &2 PGA -0l A
1.67mg/dl 7F42 3} 31, 9f 2Frof A 4.63mg/d1 2549 oL ot 7k ol Bl
2o = {131 vH(p=0.260). LDL-= & 2~ Bl & PGA -0l A 17.24mg/dl 7143} at,
HoFatoll A 19.21mg/dl FHA gk 21 0 = LR O 7 o 1H] B A A o = -9 gk
ao] = LEFLEA] % 2k TH(p=0.816).

jihd
—\Tll
u"U
Q
>

O

=5
N
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[Table 4]
AAHAE Ar A
Placebo PGA p—valueD
[n=19) (n=21)

Total Owk 233.16 |£ |17.97 228.00 [£ [14.82 0.326

Cholesterol

(mg/dl)
4wk 229.05 | [33.97 215.06 [ |24.38 0.140
Swk 215774 | [26.04 211.24 [ 120.98 0.549
8wk - Owk |-17.42 £ 28,16 [|-16.76 |+ 24.03 |0.937
p-value” [0.015 0.005

Triglvceride Owk 150.11 | [65.43 216.05 [£ [194.68 |0.168

(mg/dl)
4wk 135.32 [+ [(0.99 224.10 [ |200.55 |0.062
Swk 181.47 | [75.28 171.43 | [92.90 0.711
8wk - 0wk [31.37 £ 80.83 |-44.62 |+ [124.38 |0.029
p-value 0.108 0.116

HDL- Owk 58.11 + |10.29 58.00 + |12.09 0.977

Cholesterol

(mg/dl)
4wk 57.74 *+ 1[9.86 55.76 + [12.28 0.581
3wk 53.47 + [9.93 56.33 + 11.21 0.400
8wk - Owk |-4.63 | 1[9.19 -1.67 £ |[7.15 0.260
p—value 0.041 0.298

LDL- Owk 168.89 |+ [22.35 161.29 | [17.42 0.235

Cholesterol

(mg/dl)
4wk 164.26 | |[29.32 147.62 |£ [20.66 0.043
3wk 149.68 | |21.87 144.05 |+ |[18.38 0.382
8wk- 0wk |[-19.21 |+ [30.04 |-17.24 | [23.05 [0.816
p—value 0.012 0.003

[97]
[98]
[99]

U p-value by t-test
2 p-value bv paired t—test

4-2: NAASF 2 A E A A

8 ol AWt vulgh A, PGA ol A 1.57kg #H ] 951, 9 oFar
0.39kg = 7}3}o] PGA ol A t] Zh&o] | A o2 ey on EA5 o7
ol gk Zpo] & Ve AT (p= 0046) - 7+ 85 F-of] BMIE Rl A=
PGA 0] 0.60kg/m2 7+ 4313 3L, 0.17kg/m? & 718F o+ - 7k9] F-2] gk
2ol = gl A TH(p=0.057). 85 $-¢ll 3] ] & &+ PGA v 1.04em 7F43}%1 a1,
A 2 0.05cm 5 7FF S, o 1Re] - 9] gk 2ol = §lR1 S (p=0.426),
d 9 ol=8 = PGA w2 0.95cm 7FA4 38 3L, 9 F-2 0.46¢m 74310 PGA
o] Bl gEAskl o B A A S8 9 gk 2Fo] = gl TH(p=0.595). T u 1+9]
A A g v gk A3 PGA 0] 1.94kg 74381 a1, 9 ka2 0.24kg
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ko] PGA wholl A Bl 7HAskl o, o 1k F ol gk 2ol = L e LA
% 2 TH(p=0.159). 85 -l 4] 1%%2 W w gk A3 PGA 0] 0.03%
askQlar, $ a2 0.55% FHAsl o, o 1he] Afol = 5741 o
Frol kAl 2 A Th(p=0.683). A A2 PGA w-o] 0.01kg 7433
A eFatoll A= 0.61kg S 7Fek Yl o €A A &= 9] gk Apo] = UrE]rUrZ]
2% AT (p=0.494).
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[Table 5]
AAAS B AHE B 23
Placebo (n=19) PGA (n=21) p-value”
A5 Owk 64.07 | |13.54 [67.04 = |11.71 [0.462
(kg)
4wk 64.27 |£ |13.12 |65.92 [ |11.60 [0.675
Swk 64,47 |£ |13.15 |65.47 [E [11.75 10.800
8wk - 0wk 1(0.39 + 3.31 -1.57 |+ [2.70 0.046
p-value” 0.610 0.015
BMI Owk 24.94 £ |3.25 25.74 | [2.88 0.414
(kg/m")
4wk 25.03 £ [3.15 25.31 | [2.95 0.775
Swk 25.11 £ [3.16 25.13 | [3.01 0.931
8wk - Owk [0.17 + 11.40 -0.60 |+ [1.09 0.057
p—value 0.597 0.020
S =8 0wk 8490 £ 18.41 37.62 | [7.37 0.282
(cm)
dwlk 34.95 £ B.09 36.21 | [7.69 0.915
3wk 84.95 £ |8.28 86.59 | |3.24 0.535
8wk - 0wk 1[0.0b + 3.88 -1.04 |+ .57 0.426
p—value 0.958 0.310
AR Owk 2033 |+ [46 2295 [ 571 [0.147
(kg)
dwik 2091 £ .89 2481 | [9.28 0.125
Swk 2009 £ pB.71 21.01 | H.39 0.569
8wk-0wk [-0.24 = |[2.95 -1.94 | |4.32 0.159
p—value 0.731 0.053
AALE  Owk 31.85 |+ .94  [3245 [ 640  [0.759
(%)
4wk 33.32 | |B.77 33.12 [ 6.561 0.926
Swk 31.30 | |6.68 32.42 [k 16.05 0.578
8wk-0Owk [|-0.b55 = |[2.98 -0.03 |+ |4.64 0.683
p—value 0.433 0.974
AAHEE Owk 41.37 | [10.04 [250 @ 9563  |0.717
kg)
dwik 3932 £ |11.84 [41.81 £ 1[9.38 0.462
Swk 41.97 £ |10.03 |42.4% £ [11.00 1[0.878
8wk - 0wk [0.61 + |1.32 -0.01 [ |3.67 0.494
p—value 0.061 0.991

U p-value by t—test
2) p-value by paired t—-test

[102]
[103]  4-3: 3}sH2 HAL A3}
[104] 8~ F-oll Ay s}st4 HAL A3}, Glucose™ PGA -0l A 3.18mg/dl 5713815 3L,
9ok 1.81mg/dl 725k o, BA A o 2 o] 5 2po] 7}
et (p=0.014). 7 9] 2] A 8}st2] 7AA} A} PGA w1} ] Fire] BLE
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GEO| A FolF Aholiz vhehibA] 9k, B WSl ol 991tk 91

X
ol

A2-9] o Ul vl A ¥ PGA -0l A &= Glucose 2} Clo] & A 4] O = 9] gk
W 3} 7F VEFRE 3L (p=0.042, p=0.027), $] &F -0l A = Creatinine©] 5 4] 4 & &
Frol gk W 37t yER e (p=0.002).

]

<3|

)=

[105]
[106] 36
[Table 6]
Wsieta 214 A
Placebo (n=21) PGA (n=22) h—value’
Glucose Owk 96.10 x 9.13 95.55 + 3.64 0.840
(mg/dD
dwk 05.38 x 7.97 97.50 + 8.24 (0.397
3wk 94,29 x 3.77 98.73 + 9.41 0.117
Swk-Owk |-1.81 + 576 3.18 + 6.38 0.014
p-value” [0.165 0.042
Protein Owk 7.60 + 0.45 7.62 + 0.36 (0.885
(g/dl)
4wk 7.55 + 0.35 7.62 + 0.41 0.574
Swk 7.48 + 0.35 7.57 + 0.40 0.447
Swk-Owk [-0.12 + 0.33 -0.05 + 0.28 0.469
p—value [0.118 0.418
AL Owk 67.90 + 15,90 |p7.05 |t 13.45 0.849
(TU/L)
dwk 08.33 + 11.78 68.95 + 14,24 0.877
8wk 656.57 + 12,99 b7.27 | 12,70 |0.859
8wk-0wk [-1.33 + 6.78 0.23 + 8.88 0.522
p—value [0.378 0.906
Na Owk 141.35 + 1.46 141.33 | 1.68 0.973
(mmol/L)
4wk 141.15 |£ 1.76 141.50 £ 1.54 0.495
Swk 140.67 * 1.80 141.18 | 1.74 (0.345
Swk-0wk [-0.50 * 2.44 -0.10 + 1.89 (0.555
p—value 0.371 0.320
Cl Owk 105.25 + 1.83 104.33 |+ 1.91 0.125
(mmol/L)
4wk 105.80 |£ 1.96 105.27 £ 1.93 (0.386
8wk 106.05 | 1.77 105.27 £ 1.86 0.170
Swk-0wk 10.95 * 2.37 .80 + 1.65 (0.885
p—value |0.089 0.027
b p—value bv t—test
2 p—value by paired t-test
[107]
[108]  olom By g SA PR A 7Lzl g8l
e A2 7HA Al Al dlol A, o] gk A A 7] @A mlek A gl
A4 9] Q) Mol n, o] ]3] 1 g o] )7 A dE 1= Hlo] oh A e
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[Fig. 1]
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[Fig. 2]
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[Fig. 4]
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[Fig. 6]
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