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Dung beetle (Catharsius molossus, CA) is a well-known group of insects thanks to their exploitation
of animal feces, a behavioral trait with a global impact on earth’s ecosystems. This study was con-
ducted to investigate the effect of CA extract on a high-fat diet in SD rats. Male rats were divided
into 5 groups. Animals were fed on a high-fat diet for seven weeks before and dung beetle extract
for a month during the administration. Weight gain was decreased in ethanol extract from CA group.
Administration of CA extract reduced the organ weight of testis and kidney, and adipose tissue
weight. Lipid oxidative stress was evaluated measuring malondialdehyde level in liver. There were
no significant differences in groups. Protein oxidative stress was evaluated measuring protein carbonyl
content in blood. The protein carbonyl in blood was significantly decreased in ethanol and acetone
extracted dung beetle groups (p<0.05). Meanwhile, the protein carbonyl in hepatocyte was not sig-
nificant among the groups. Fibronectin and laminin by using D-HUVEC cell in vitro were measured
by ELISA assay. There was significance in CA extract. The level of IL-10, IL-13, VEGF, eNOS was
evaluated by ELISA. There was significance in IL-10 compared to control (p<0.05). SOD and GPx tend-
ed to increase by CA extract. Furthermore, CAT was increased significantly by CA extract (p<0.05).
After administration of CA extracts the composition of saturated fatty acid in adipose tissue tend to
decrease, while unsaturated fatty acid increases. In conclusion, dung beetle had anti-hyperglycemia ef-

fects of oxidative stress and antioxidant activity.

Key words :

ME

Y AAAY Fole 138 AeHA7A o2t 3
o} A A B.7 7] F(World Health Organization, WHO)ol <] 3

H 20113 S 71F02 39S u AAZoz oF 39 6,620%F
g guy Fx7t 9o, 20309742 = oF 1518 715 o
59 51801 o] & Zlolgta o] 3 ATH32 GRS 4%
7 3% J4d TR/ HIANAH SR F43] Feste,
1¥Ge) A& o, A, AAT 2L JHe WIS
ey dA7EA Fd 29 AsHEL e YA
G AARoH, dBAE ARAA FFELE FASE Ao
A AE PHoZ A 99, 36, 53]
s o

3743tA % a-glucosidase inhibitor?l acarbose,
[e]

voglibose & A%oA B3E L& JANA HHT

*Corresponding author

Tel : +82-63-238-2975, Fax :
E-mail : amy@korea kr
This is an Open-Access article distributed under the terms of
the Creative Commons Attribution Non-Commercial License
(http:/ / creativecommons.org/licenses/by-nc/3.0) which permits
unrestricted non-commercial use, distribution, and reproduction
in any medium, provided the original work is properly cited.

+82-63-238-3833

Cytokine, dung beetle, high-fat diet, oxidative stress

oawo;w 4 93 9

et
off of
o g7
Onﬁ
I_Lr‘
;gl;-mloz{)z
%u}r"zm‘”
o N Ry 32 X
" ;3
2 i)
2 o
o E
Ol
(]
kr E
N
1 ol
2L oX,
g

korr e

ooy o Mo
o= 4

o v xo

mlo L
o
£

e =
bH
2
-
o
—d

afN o
ox

foi i
2
o

=
of
ok
N
N,
)
o
N
N
2
t

X
ko
1z o

(LS SV TR e > S =
o,

Y
S}
=
_O|L
)
)
=,
m
[
o)
ﬁr‘
i
.
o
fo B

ko
P
K e
yo o
2 oo ol
Ogoﬂ,w:
o &
X
ol
g
R
s

LN
(=T [

o
rlo

o o gz H o >
o

A=
ofo
lo
fitl
ro,
ol
Lo rlr o AL K ofN 1o o Ho

kr
t

= ofN
(g

b

2
N
-

d
ofo
o [‘_O‘l',
o &
o
2
T
Y
ol I
>
=2
of2
o2t
=y

L

o\-rﬂﬁ]‘_,
=

o

W o
los)

—_

N

=2 to
>
oft of\
o
o
B (o ox

rlo o
oft
k=)
S
2 o o o

=Oé

_<|)1_v‘

lo

=

=l
MR oy

~ H
r2

o

U

o ox

g

ol

=

o

X

=
)
>

o ™ o oot N
o
e
ok
¥
30
Ruh

> &

w0 (m

(o3

—

fit
=
> |
53]
rl'-‘]
o

o
fo o
et
12
N =

Ol
ok
= g

o Ay
>

o\ g n
.-

o ﬁ (m
=

s

2
>
SR
¢
°
ofl
lo
fru

=

rg 2

T, rr

= o

£ o

A

-z

U

57 b 51
ARAES FRA o

I
A a8a 3 7se] o &

ofl
e,
o

o
m\l
o
2
o
N
off o
o
1©
of
o
NN
o
Ho omx D4 o

=
X,

S~
>
>,
o>

F



8 2T T AT, 34, 54]. WA HZ Gl A
Ao 7S S5 HelH e 242 3 T
o B AREzA B A7 &L o] FojAu
[24]. =9 3&%}11 S5aTolAM HHA] dAst
9401] gelo] da3 T5o= FHT 37 U
lo“ Hog ug Fa3 4TS st Yof 1
*.EEHOﬂ B AT = TRAAH T2 £ Astel 2AU
Fee AL ELS AXAI I,
2 Bdd AHAE AARR
AT 57t 58 Bda o2ty Bdte 98
gt} American Institute of Biological Sciencel A+ 2006
ol 7k £xE AATLEA 39 80008 @2 7h=o]
Hodga F4e7|s @ AER I A A g 2
38l HFE T A T2l d4Hof &I EFH
A gt sol| A3k of 7| B AT T2 (Copris tripartitus) AHS
of 4Fstal, AFTE AA AN FHlE s Futefobd He
ol g A7t ol FolA HetolEY F2E REHLR
THEAT27]. A F e F2EY HuToE ALE AF
gr] FEE & Ahn [3]9] Aol st FAFeLnE AR
A7F FAA AFolA AR v Qrtexs A
Aol S7AEAL, £ EPA F7F, §49) Frgh 549
BHE g RN FUHE S FHHUT Y nA L0
A A Az F

o
I
L
a
[e]

A

op Sl oE 12

ruﬁ
_?L

49

% GuE i AL 18
gl vk O3] FAUNEFLE AL Krill oil 2 21
3 ARG 2UOR WA FHARE $RE P &
His FaAAA 4IBARA AYYE wEE B

S H YTH3LL WebA olsh & G4 ARAY $AE2S 3
Ashshn QIASHEEA DA P T e Fieo] A3
A% 9 AL Y 4 Ut FAT 847} HE 1a4

gl

2 dFelME HFTE —T—%%% o]t &H oA 14
= ool A 2|2 3 g of 4hs)
A 2Ed 2 BA 9} Fitst S‘iﬂr% THeL T dA A
% (D-HUVEQ)E ©| &3} in vitro® Al cytokine A7& T3

R
NESE Y ASE
SD 4% $7 Y8 (7) Arhartol e :El k(B %,
A})i%ﬁa FYstel 7979 &322 AA aw e
!

8 =1 &
40~60%, 2 2N Hgos FAANF
YALE((F) AEFZHFO] 2 <}
f AFHAANAY. SD A AE 57 R LHM PBS &2,
HEFEFYZHE F =E

i
ot
-5
2]
ffo
—N

Journal of Life Science 2016, Vol. 26. No. 7 773

kg/day), 31 72|(100 mg/kg/day)ZHE FE3 oA E F
2% (CA acetone), A5 e+7(Gryllus bimaculatus) 258 FZ
S o} M E FZE(Gb acetone, 100 mg/kg/day), F/3 o &=
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H HF e 2FADY FHEA T3 A4 okF A4
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Protein carbonyl assay

2 243} hepatocyte 41 2% 10 mg protein®] 0.2 DNPHS}
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£ 2 600 ul 6M guanidine-HCl &40 2F7ke| % &3}
£ 7k AU = dA &8 13,000% g 28
A5 02 360380 nmoll A FHEE St A
bovine serum albuming W& & 3} Bradford ' . 2 595
nmol A FREE FH5t AA5AT

2XE F9| ghtstga SN X

2] catalase &A1& Abei WHi[1]0] we}, glutathione per-
oxidase &4 2 Lawrence®} Burk® %H[37]e] w2}, super-
oxide dismutase €42 McCord¥} Fridovich®] - [40]¢]
et 747 £33 3 57 (Shimadzy, Japan)® 3743t At

MEZEAH
T 394 Z (Human Microvascular Endothelial Cells
(CARDIAC) Diabetes type II ; D-HUVEC)E CloneticsAt
(Cambrex Bio Science Rockland, Walkersville, USA)E-‘%H
Y3te] FBS, hydrocortisone, hFGF, VEGF, IGF, ascorbic
acid, hEGF, GA-1000°] %7}g EGM-2 MV SingleQuots
(Lonza, MD, USA)E EBM-2 #jA ¢l o] 95% 7], 5% CO2,
H77}F F8 137c4 umf-_ -3 & MY ot wjF
T3 = PBS 27, AFTHERY F2
& o egE -’F% (1 mg/ml) HAFFUZRYH FE2T oMAE
'_H U ERH F23 oM E FEE(1 mg/ml), ¥

2 Krill oil (1 mg/ml)S& AH&stel A 2lstArt

AdipocytokineZt HZ0QIx 24
Al EZFQ BAE A8 A serumol A IL-103} IL-18E
o S W AELISA kitE AH&3te] £33 T*Eﬁ]i 5%
=434 1, VEGFS eNOS= D-HUVECOH A &5 Als
1?43}0% 24N ZE QIS olE el A Ml Feh F, ELISA kitE
BEAZ FEEE SAsdd. ¢ /A4
A Z A ZHH o adipocyte®] HFHH-EA 71d38t= M2
(anti-inflammatory effects) "t & IL-10 (Koma biotech Inc.,
South Korea)<, M1 (pro-inflammatory effect) P}7 2 IL-1B
(Koma biotech Inc., South Korea), VEGF (R&D systems, MN,
USA), eNOS (R&D systems, MN, USA)& AW =4 <
ELISA kit &elstgich.
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Laminin2} fibronectin ELISA

24 well platec] D-HUVECS welld 1x107S 5381 4]
T8 FEEHAE 02 mg/ml 22 AP O §F Fe
37C QAFwlolelo A wldd Th& laminin (Millipore, CA,
USA), fibronectin (Millipore, CA, USA) ELISAS 77} A| 35}
Aot EFEAH A Z A F 9 rabbit anti-human laminin, rab-
bit anti-human fibronecting ZtZ §H o2 4o AL A
1087 BHEAIZ B, 100 ule 2o] well platedl] A 143t

& W3 A7) T, wash buffer® 43] A%t 100 ul goat
anti-rabbit IgG-HRP conjugations 7 welld] &F% o,
A2 A 3087 HF-S-A] 7] 31, wash bufferZ 43] 44| gt}
100 ul TMB/E substrate® 7} welldll &84 A2 A 10%
L HSANA £ BEAR 450 nmoA A FFEE FH AL

EE4E AHEet FEE At

GC/Mass0l| o|&t A|gAt _5_51:;:1
A zA o ZHE AWAL 2%

28AE 474 01g FAE SFAH, 22T ENBE
Q1) EFU0R RS FEUAT T, oqwﬁ I3k

, A4 4B e
0.5N NaOH in MeOH)# € ©] 4 (100C, 14% BFgE 15*r‘
Foh &, 257kA) A4k GC/MSE B4t GC/MSE
(Agilent 6890 GC), Agilent 5973N mass detector, EI mode

HP-5 capillary column (Agilent Technologies, Palo Alto, CA,
USA)E AH&38tdth +YF 255 250T, MS o] 542 23
0TS &4 frAstL, 28 £5& 180TAA 2087 FA18
O, 10C/% F7hE 0] 230 C7HA &5t 1023t frA 8t
3, B 374 W4} standard (Sigma L9405, 10 rg/ml)E At
&3} % o(Sigma-Aldrich Inc.).

ki

Adipocyte®| & & 37| T&
HAETY F2EE A A 1Y adipocyte TE WS

ol

*}30}"1 #Es A HFFE FEES U D ratd] 2

< toluidine blue §4& ¥ ¥ adipocytes ##F A3
EHJZ-E o] "3 CA EtOH, CA acetone, Gb acetone, Krill il
A FoF oz A3 A T (Fig 1A). Ol ZA HETY FEE
o] ad1p0cyte FE AN = AoE AEHY, HETY 2
e Y # T a dlpocyte 9 3718 @n A ALt
o 400HH Srjste] #&3S o adipocyte 271 3 A
|7} At (Fig. 1B).
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Fig. 1. The numbers of adipocyte and liver histology were de-
termined according to different liver sites, using tolui-
dine blue staining. (A) the numbers of mast cells by tol-
uidine blue staining. (B) liver histology of PBS control,
ethanol extract derived from dung beetle group, acetone
extract from dung beetle, acetone extract from Gryllus
bimaculatus, krill oil by toluidine blue staining (original
magnification, x400). The data represent the mean+SD
of three separate experiments (significant as compared
to Control. *p<0.05).
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Fig. 2. Oxidative stress levels of lipid and protein in dung beetle
extracts. (A) Malondialdehyde (MDA) level in hep-
atocyte from SD rats treated with dung beetle extract and
other substances over two months. Protein carbonyl lev-
els in blood (B) and liver (C) of SD rats treated with
CA and other substances over two months. The data rep-
resent the meaniSD of three separate experiments
(significant as compared to Control. *p<0.05).
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3] CA EtOHS} CA acetonem oAl §9 202 Z4astH 1
(Fig. 2B), Tt A= 3tel frefdol §l At (Fig. 20).
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A

10&
2} 24 (cross regulatlon)0}°4 ARS8 E cyto-
kineo|TH[50]. B - A& #HAste= AOE
2k

[47, 49]. & AL ZFA cytokineEo| 7 o] IL-10%
Y& o|FA B A9, &3 AEH Y& £ F 3le

S
DZ[14] 4% uhgol A IL-109) #Hl& o$- F838k) IL1B
= TNF-a%} 37 tf 24 < “a%“ cytokine©. 2, NOE 44
SHA| sh= mifE Ao &
T cytokine®] €9 %EE w43 S7ketH, 43 47tE
H}E detith44]. HE7E F2ES 49 SD rate] 84
IL-1betad] 52 A G|t ALo] EF}
9l IL-10& t =79l ¥l8] CA EtOHS} CA acetonel A
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Fig. 3. Serum IL-13 and IL-10 levels of SD rats treated with
dung beetle extracts over two months. (A) IL-18 cyto-
kine activity, (B) IL-10 cytokine activity. The data repre-
sent the meantSD of three separate experiments
(significant as compared to Control. *p<0.05).

ST MZN AL MZFETHEE WSzt Z-H(In vitro)
ko] A ZHATFN A laminin} fibronectin®] T
é #l8) D-HUVECE °] &, %78 FE2&8 A
A7} Fig 40 e}t 4 BT 2222
9| CA BtOHT A tlz7 9 H|3) laminin ¢d
‘Ei_L(Flg. 4A), fibronectin Gb acetone, Krill oil,
g gFo] 7HAF ¢l th(Fig. 4B).

MIZOIM AlOIEFIOI &M X

HHYIAN L= ANEH A T8¢ 9&E gt} A
i YL 712 R NZE o] ThEojA = Ud
o #Aoln °C‘“%J_J+ AA &AL Fo) o3te] Jus}

A 245 e A0 43A ok AR FAH Y A
THY A #Zé A FEET ALY F5 9 =HEY Al
AE A 42 FAo1t[37]. VEGF/L 48 d#3 4
Z7AAZ <A 9ok g# YA VEGF 5 83 AN &
SEA g Azso], dH-E 4 7|A o] £,
AW E7} AR, o] FEH o FHHQ W Fo] o] FoJAH

A o] A HTH28].

NOE d#i7, €524, 444 59 7Is< 7HA
EHEZA NOY T+ o FE A &4 3
Aol =of Qs ¥ o, AAME &4 2 54
o A s 9% 98-S doi13]. o] NO= o
Y e ALA ETE HE HAE Yol Zgol(Ca2t)
o] BE7t FobA WA NOS| &4 o] F71stA Hol Aol
FTH10, 45]. NOS isoformsoll & Zo] 29 Fxo 929
nNOS, eNOSS}F ZH4ro] 9] s o Hl & oln HHzFo]
U 453 2 dRAS 2R FE5HE INOSH AT
o] & NOS isoform®] F&Fol wet A== NOZF H A7
el RaAe&s stAY SHAAE A EH29]. HdE &
B ol A nNOS$H INOSEHH b 445 NOE PEZE
glote] AAHLA complex I, I 2 X5 AL Zad
aconitaseS A ste] oA YA S Wafsta v EZE o}
o 3FE ANFoEZN AEAE S FE51A =HA T, eNOS
A HAEE NOE t 8RF9 555 dEaA st w4
e Huste 9T dre]. T3 eNOSE AR SAH T
hippocampus®] pyramidal A%, d# 3| A Eo] EA 0}‘#
[30] E¥olsh, ANERAFY, BAA-EHYA, L7](corpora
cavernosa ©|¢H) 59 715& Z3 9lth[42]. D-HUVECS ©]
&ate] HF T FEES AGst] AE 24 A4
g Z10] Fig. 49 YetHith &7 = %% 131?} VEGF
(Fig. 4C)} eNOS (Fig. 4D) 4 & #7

A

AETE 25820 7 5 HUSEMN 55
HETY F229 FesBAo| Fig. 59 Yehtltt 4

=
A o} whgA Eg 4FA % (reactive oxygen species, ROS)E
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Table 1. Effect of CA extracts on fatty acid composition ratio of abdominal fat tissues of SD rats over a 5 weeks period

Chemical Control Db EtOH Db acetone Gb acetone Krill oil
Lauric acid (C12:0) 1.69+1.58 0.36+0.36 1.27+1.72 0.94+0.37 0.78+0.74
Myristoleic acid (C14:1) 5.16+8.95 N.D 4.21+7.20 9.35+13.43 7.29+8.49
Palmitoleic acid (C16:1) 21.71+18.81 42.01+18.71 47.93+12.82 9.92+17.18 19.19+16.62
Palmitic acid (C16:0) 44 86+17.37 14.74%7.60 29.17+20.52 9.45+13.56 12.86+11.26
Linoleic acid (C18:2) 2.88+4.57 7.25+10.75 1.58+1.78 10.70+11.52 14.19+5.95
Oleic acid (C18:1) 14.26+8.14 20.0148.29 9.13+8.96 12.14+12.83 32.57416.51
Stearic acid (C18:0) 0.97+1.02 6.15+9.39 3.31£5.63 2.03+2.81 7.79+4.00
Arachidonic acid (C20:4) 3.76+5.34 2.78+0.51 1.22+1.16 6.04+4.55 211+1.18
Eicosapentaenoic acid (C20:5) 1.47+2.03 1.29+1.01 0.19+0.15 3.49+3.38 0.49+0.66
Eicosatrienoic acid (C20:3) 0.51£0.30 0.48+0.44 0.17+0.20 0.57+0.61 0.33+0.30
Eicosadienoic acid (C20:2) 0.26+0.11 1.39+1.00 0.28+0.32 1.28+1.40 0.59+0.67
Eicosenoic acid (C20:1) 0.58+0.62 1.63+2.40 0.59£0.79 0.56+0.40 0.88+1.24
Eicosanoic acid (C20:0) 0.90+0.81 1.04+1.53 0.80+1.14 1.93+2.11 0.62+0.51
Docosahexaenoic acid (C22:6) 0.98+1.49 0.87+1.40 0.16+0.05 0.17+0.11 0.31+0.19
Saturated fatty acid 48.42 2228 34.54 14.36 22.05
Unsaturated fatty acid 51.58 77.72 65.46 85.64 77.95
Mono unsaturated fatty acid 41.72 63.65 61.86 63.38 59.94
Poly unsaturated fatty acid 9.86 14.07 3.61 22.26 18.01

Table 2. Effect of CA extracts on fatty acid composition ratio of epididymidal fat tissues of SD rats over a 5 weeks period

Chemical Control Db EtOH Db acetone Gb acetone Kirill oil
Lauric acid (C12:0) 1.69+1.80 1.17+0.37 4.29+4.93 229+2.41 3.28+4.52
Myristoleic acid (C14:1) 31.82+11.61 2.11+2.80 1.161.96 5.68+9.84 10.5749.15
Palmitoleic acid (C16:1) 16.10+8.52 247+3.50 12.4048.34 11.08+11.86 22.49+13.52
Palmitic acid (C16:0) 18.05+13.02 9.55+13.51 4.43£3.09 5.42+297 2.73£1.30
Linoleic acid (C18:2) 7.30£9.28 41.19+15.00 9.79£7.23 11.57+12.55 15.40+10.31
Oleic acid (C18:1) 15.17+9.49 31.837.64 38.01£6.16 36.40£3.48 27.6048.36
Stearic acid (C18:0) 0.70+1.12 3.67+5.06 8.25+8.77 5.79+0.56 1.27+1.84
Arachidonic acid (C20:4) 1.73£2.72 3.55+1.26 10.09+2.54 9.72+2.35 7.48+3.47
Eicosapentaenoic acid (C20:5) 0.34+0.47 3.06+0.59 8.64+1.69 8.61+2.37 7.4043.42
Eicosatrienoic acid (C20:3) 0.10+0.08 0.11+0.04 0.11£0.19 1.15+1.01 0.24+0.22
Eicosadienoic acid (C20:2) 1.11£0.95 0.59+0.22 1.28+1.40 1.16+0.72 0.93£1.26
Eicosenoic acid (C20:1) 1.64+1.61 0.13+0.03 0.87+1.21 0.50+0.31 0.35+0.52
Eicosanoic acid (C20:0) 3.56%5.86 0.49+0.52 0.46%0.10 0.31+0.24 0.20+0.20
Docosahexaenoic acid (C22:6) 0.69+0.56 0.09+0.04 0.25+0.11 0.33+£0.22 0.07+0.04
Saturated fatty acid 24.00 14.88 17.43 13.80 7.48
Unsaturated fatty acid 76.00 85.12 82.57 86.20 92.52
Mono unsaturated fatty acid 64.72 36.53 52.43 53.65 61.01
Poly unsaturated fatty acid 11.28 48.59 30.15 32.54 31.51
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