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Beetle larvae have been used as a traditional medicine to treat various human liver diseases. To prove
the liver protective function of Allomyrina dichotoma larvae (ADL), we induced liver damage by the
intraperitoneal injection of a hepatotoxic reagent, diethylnitrosamine (DEN), to C3H/HeN male mice
and orally administered freeze-dried ADL powder. ADL powder lessened DEN-induced hepatotoxicity
considering the reduced signs of acute and chronic hepatotoxicities, such as the ALP level in the blood
serum, TUNEL-positive hepatocytes, ductural reactions, steatotic hepatocytes, and collagen deposition
of the Masson’s trichrome staining. In addition to hepatoprotection, the anti-cancer activity of ADL
has been examined. The ADL powder was extracted with ethanol and then fractionated with hexane,
ethyl acetate, and water by a solvent partition technique. The ethyl acetate fraction showed cytotox-
icity to various cancer cells through induction of apoptosis and necrosis, as well as the perturbed me-
tabolism of the cancer cell to trigger autophagy. Collectively, ADL contains bioactive substances that
can protect hepatocytes from toxic chemicals and trigger cell death in cancer cells. Thus, further purifi-
cation and analyses of ADL fractions could lead to the identification of novel bioactive compounds.
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Fig. 1. Reduction of DEN-induced hepatotoxicity by ADL oral gavage. (A) Blood ALP activity. 50 mg/kg DEN or phosphate buffered
saline (PBS) were treated through i.p. injection once a week, and 0.5 g/kg Allomyrina dichotoma Larva (ADL) powder or
saline was administered 5 times a week via oral gavage to C3H/HeN male mice as indicated (n=10 for each group). Alkaline
phosphatase (ALP) activity was measured in the mouse blood sample. The data are mean + SEM. (B) TUNEL staining of
liver tissues. After treatment of DEN and ADL as in (A), liver tissues were stained with TUNEL to show apoptotic cells.
Scale bar, 25 pym. 200X magnification. Arrow heads indicate example TUNEL-positive cells. (C) Percentage of TUNEL positive
cells per microscopic field. TUNEL positive cells were counted from 20 microscopic fields. The data are mean+SEM.

A B g p<0.0001
2
So 6
S
PBS | 25
+Saline 28 4
= o
** 2
PBS DEN DEN
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Fig. 2. Protection of liver damage by PBL oral gavage.
+SDaE"';l]e c 8 p<0.0001 (A) Histological analysis. The liver sections
= were histologically analyzed after 13 weeks of
59 6 DEN and/or ADL administration. Abnormal
‘a&) Q 4 duct was indicated. *steatotic cells; #enlarged
% % cytoplasm or nucleus. Scale bar, 50 um. 200X
”‘E 2 magnification. (B) Quantification of the num-
B @ ber of ducts. 20 microscopic fields were ana-
+ADL +g§|isne +%§’|\ijne PAEDI\IL lyzed to count the number of ducts. The data
are mean + SEM. (C) Percent of steatotic cells.
Steatotic cells were counted from 20 micro-
scopic fields. The data are mean + SEM.
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9. ek, FFFdo] 229 AT FAE SAHEH T ey, AR AR ALE dAE 12,



Z ot (collagen) = It o8 GAEt] A E Aoy 4

53 FET & 9+ Masson’s trichrome GAMH o2 7+ 4

o3 = } S TH[24]. Phosphate buffered sal-

ine (PBS)7} Agl® 2T IFoAE HPd FEA FE
[}

)
1o
o
=

i

Mo
1

[t}

Aol frojm| g FEA A ZFaE AE S5
T} (Fig. 3B; p<0.001). TheHA, §F BT 1t BE A Ro|
DENC & fEHE I &4 ZHad 5 AL, 37139
DENA 2 Qg A&HQ 3F £402 f 55 & F Af3
2 7t A33T ZaE F S FUsHAG
A-3H0| 75 2E =9 ey
Aredo] AFEYES dEeE FEES UHEL, o F
259 t3] A hexane, ethyl acetate, water® F7} £ &&
HEo FATAHE FASFHTY. IS 2 o2 HE fHE
GAEF A NESHE SAHSG T, APlle APA

(22Rv1, PC3), A&7 ¥-(HeLa), ZHPLC/PRF5, Hep3B, SK-
HEP-1, HepG2), '¢4:(SK-OV3), #(NCI-H460), 2 #HCT116),
T (MDA-MB-231) 2. 2 28 fFe8 AlEFE0] MTT 4
o2 AHEHAT M7EA £8EE ToIA ethyl acetated 2]

S 79 BE GAEZF telA 2 mg/mle] A 2 ol A
P AZEA S HJFE) o, hexaned FY 8 FEx |
U] NEFAE, water EHELS A
HATHFig. 4A). AZFA S A2
B el e YAz
F9=H, 2 mg/mle] H1F
AE=4 e HolA F%th(Fig. 4B). o3
5 G294 GAE 4

20 AT AEEHT, 59 ethyl

ol
>

r
£

=

dor

ool O e i
oX

r\I
of

&
N
M)

ol
-

i B oo

PN oz @ MO
S A o ox re

S~

D)
2 H oo

e

o
>
o2,
oft
o
b

O

ot
il
il
(e}
lo x>

)

u)
fo & it

=)
lo
H-u =
o
4
oftd
o,
o,

c

oo Mooox R oo 2z oY mfm
o
o 4
Lo
[4:1_1
lo
fitl
—z

Y
oo oft
gl"
rir
At
o,
oX,
A
o

A PBS + Saline

Journal of Life Science 2015, Vol. 25. No. 3 311

acetate = F EoA I8 &7 /M E AL AT

H4ZH0| 73 229 NESY 7|1
250l YA AEZES FEs=A FUst A b
A AZEHL7 A o} ZEA 2, A E 3 A(necrosis), £E

7] (autophagy) &l 41[7, 13], OFLEA 29} A ZIAALE &
A% 4 Sl& Sytox¥ AnnexinVEA S S8t flow cy-
tometry 2 4319 TH26, 45]. 2 mg/mle] A zAA A
o A8-¥ HepG2, PLC/PRF5, Hep3B MZFE EFoA
ethyl acetatel2 & £ AT 2 AEH5 &4 L FAT ¢
QAT HHH of] (Sytox positive, AnnexinV positive), hexane*
YEdA e 4 £ AnnexinVEAF7HEo] UL, A
Al F& AZ Hgo] mHg $£Eo] F7hgke] I th(Fig.
5). Ethyl acetatet 8 &l A 9] Al 255 7] H-E& AnnexinV 9}
sytox?] @Ao] TAd S7tH = A2 KA (Hep3Bo
74-%), AnnexinV positive® negative A £ 2| o] £ g3t
74§45 9lo(HepG2, PLC/PRF5), Al ol w2} o} LEA 2
St AZIAANE EAE FHE FEHE ASE ARETBI].

H4ZHO0| 7S 229 MELNAL nEt 53

g Axdrud 582 Fdstuat, AEitas
E#F(Oxygen consumption rate, OCR)E 4 3F%TH34].
OCR® 4 < 9314 XF analyzer (Seahorse)E AH-&3t% 1,
718 3 & F(basal respiration), ATP §4, HNZFHFL oli-
gomycin, FCCP, antimycin A/rotenones 24 22 %
2R AT Fg 6A) [6]. AEEHL FEaHR
FEE 559 05 mg/mlo] AHEHS I, o] FEZ
OCRel #& F&Fe F4A ZHUY water =2 A3
A ¢] 3t S th. Ethyl acetate®t hexanew &5 A basal respi-
ration®] W3t §1031, ATP #4844 =+ ethyl acetate™ hex-
ane ¥3= oA ta eyl e sholoy, A 2 FF

=]
U

ich

&
> o o

)

o

oo
=2 2

O
m
=
+

>
o
[
ve)

Percent fibrosis

PBS DEN DEN
+Saline +Saline +ADL

Fig. 3. Reduction of liver fibrosis by ADL oral gavage. (A) Masson’s Trichrome staining. The mouse liver sections were stained
by the Masson’s trichrome protocol. Scale bar, 50 pm. 200X magnification. (B) Percent fibrosis analysis. Blue staining in (A)
were counted from 10 microscopic fields. The data are the mean + SEM. * p<0.001
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> 100+
= - mm Ethyl acetate
g 0. == Hexane
§ = Water
s 401 == DMSO Fig. 4. Anticancer activity of ADL fractions.
20+ (A) Cytotoxicity effect of larval frac-
0- - — tions on various cancer cells. Human
& © P PP v cancer cells were treated with 2
AR C,@‘* Y\DQ PSRN Y\c, & .
& S F mg/ml ADL fractions of ethyl acetate,
) hexane, and water for 24 hr. Cell via-
140 bility was analyzed by MTT assay.
> 120 4 ) 226G Data are the mean + SEM from dupli-
= 8 == 0.4 mg/ml cated two independent experiments.
"% 801 == 0.08 mg/ml (B) Cytotoxicity on the normal pri-
é ig: 1 DMSO mary hepatocytes. .Hepatocytes iso-
g lated from mouse liver were treated
28: with the fractions as indicated for 24
R & & & hr and analyzed by MTT assay. Data
& & N ((/»&"’ are the mean * SEM from duplicated
\ . .
Q;&‘* two independent experiments.
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BT 1364 5438 | 20963
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Fig. 5. Ethyl acetate induces apoptosis and necrosis. 2 mg/ml Hexane, ethyl acetate, and water fractions were incubated with hep-
atocellular carcinoma cells, HepG2, PLC/PRF5, and Hep3B for 24 hr. Cell surface-exposed phosphatidyserine and compromised
plasma membrane were labeled with AnnexinV and Sytox, respectively. Cells were analyzed by flow cytometry.
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western bloto. 2 413} th(Fig. 6C). 1 mg/ml9] F=%7
ol A ethyl acetatet- ¥ &-& LC3-II forme 57]-/\1212\%( ig.
6C), hexane? water &% =52 LC3-II FA o F3Fol §Id
o LC3-1Y 342 AlZzAd EAste LC3-19] llp1d7]- a4
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#

HepG2

SK-HEP-1

Fig. 6. Perturbation of cellular metabolism and autophagy induction by ethyl acetate fraction. (A) Schematic diagram of oxygen
consumption rate (OCR) analysis. OCR was measured upon treatment of 0.5 uM oligomycin, 1 yM FCCP, 1 pg/ml antimycine
A and 1 uM rotenone as indicated. The relative amount of basal respiration, ATP production, and maximal respiration was
calculated. (B) Relative OCR. HepG2 OCR was analyzed after 0.5 mg/ml ethyl acetate or hexane treatment. The data are
mean * SEM from triplicated two independent experiments. *, p<0.04; **, p<0.05; #, not significant. (C) Western blot analysis
of LC3 conjugation. HepG2 and SK-HEP-1 cells were treated with 1 mg/ml fractions for 24 hr and analyzed by Western

blotting.
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