2020.35(1) : 33-39
DOI: 10.17519/apiculture.2020.04.35.1.33

Original research article

oA = o= - %
SENEN IesAnste sUuey

Antioxidant and Antihyperglycemic Effects of Honeyhee Drone
Pupae (Apis mellifera L.) Extracts

Hyo Young Kim, Soon Ok Woo, Se Gun Kim, Hong Min Choi, Hyo Jung Moon and Sang Mi Han*

Department of Agricultural Biology, National Institute of Agricultural Science, Rural Development Administration, Wanju
55365, Republic of Korea

m The purpose of this study was to evaluate antioxidant and dipeptidyl peptidase-4 (DPP-4)
inhibitory activities of drone pupae ethanol extract and various fractions. In the DPPH radical
scavenging activity, the ethyl acetate fraction (ICso, 559.22£5.01 pg/mL) showed greater
antioxidant activity than the other samples (not detected). The ICsp value in ABTS radical
scavenging activity ranged from 170.18 to 338.86 ug/mL. The butanol fraction (ICso, 170.18+11.13
ug/mL) was approximately two times stronger than that of the hexane fraction (ICso, 338.86+6.84
pg/mL). The ORAC of the hexane fraction was 14.49 uM TE/g, which was significantly higher than
those of the other samples. The DPP-4 inhibitory effect showed ICso values of 956.87~1491.65
pg/mL and ethyl acetate fraction showed the highest activity. Therefore, the results indicate that
drone pupae might be a potential candidate exhibiting antioxidant and DPP-4 inhibitory activity.
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TS o]8oh= Ao Ut A&H o2 Akl Qi
(FAO, 2013). = ol A= 254t S-S ol 259
et A7 Y= T 9lom 2020 3E A AET

Aol = 7% £53 ol (Bombyx mori L), MI%-71 (0Oxya
japonica Thungberg), 7%} (Beauveria bassiana Vuill.),
M AX B 55 (Tenebrio molitor L.), 31748 0| Z22] 7

Z (Protaetia brevitarsis L.), 352t o]
dichotoma L.), BAS21] (Gryllus bimaculatus)7} 2]
FdrE S5H o, L o7t A +F
(Zophobas atratus) BAEEo] SEAIH A EAZE TAY
= HF ATHMFDS, 2016).
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1359] vl Z =t BlEHYl C 5 5T FFALE 2 Q=
Zog BIEILHKim ef al., 2018). T3t U S
Zroll A AARRE R 7oA SaSt tid R, AR
g} 59 fofju el tish ¢Het Ao = Sl ich
(Choi et al., 2019). Wr2pA] =T 7] (drone pupae)E 2]
FYRE o] §3tH AAH A5 4
ST Fagt Aol H 5 A= A
nNEZEgots AW {7

(ATP) = }\ﬂ Ab o]-jl o] E] St & o)

=]

3;
o
2
>
>
2
ng

2l superoxide radical (027), hydrogen peroxide (H202),
hydroxyl radical (OH)¥} 22 &4 AFAF (reactive
oxygen species)©] WA} (Fridovich, 1978). o]2 gt &
A 2T R ERE HYste At dAAIE}
AAsHs & A FAlol 2ad s st
U, HestA AdE B¢ AE
A 7|31 AbSE AE A (oxidative stress)
S w3} o, G T £ o A

(Chang ef al., 2015; Kang et al., 2016). ©]°] 24
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= FHEC] T7FS St oy et A9 ESF A} WolA]
a1 Qlo] 1 Aol tiEE AL ITH(Lim et al., 2005). ©]
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Fig. 1. Extraction and fractionation of honeybee drone pupae.

QF Z-21}A & 7] (Branson Ultrasonics,
8510, CT, USA)E2 F=¢% th=& oA =2 2¢&2 A7
Sttt o TSt EE-S rotary vacuum evaporator (Eyela,
N-1200A, Tokyo, Japan)Z 40°CoA #AE=sto] =&
2 4Uth 81 £ 549 Aol & ol-&ste] it
offdoAEHo|E E BEhE AR 52 F

25l 7174l g 2EE2 A7]et sUtt R o2 A%

&= oAt (Fig. 1).

1) DPPH radical 2+ &4

2 2-diphenyl-1-picrylhydrazyl (DPPH) radical £=7&/3
Z74-2 Brand-Williams e7 al. (1995)H-& Hsto] H7}

5}, DPPH (Sigma-Aldrich, St. Louis, MO, USA)A|2F
< ogh&o] 56] 2mM DPPH 802 & THE % 517 nm
oflA FFE=7F 1.0+£0.027F HEE og-Z= 545kt
96 well plate®l] F="8 A= 40 pLet 3]41% 2 mM DPPH
|4 160 uLE EFoto] 617 204 vHAIXT &
microplate reader (BioSurplus, Spectramax M2, CA, USA)
£ 085t 517 nmelA FFEE SAsk3int. 24 Bl
£ 9t FAAHZ T L E ascorbic acid (Sigma-Aldrich, St.
Louis, MO, USA)E AH8-51%1th,

2) ABTS* radical 27 &M

2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) radical &AL o] &3t 4tste A2
Re et al.(1999) Y& WHFsto] S50 7mM ABTS
(Sigma-Aldrich, St. Louis, MO, USA)2} 140 mM pota-
ssium persulfateS S &5to] QHAlolA] 16A17F o] WA
o] radicals B/dotal A9 2]X ol ABTS stock &
< 734nmlA S E7H0.7£0.027F HEE EER 3]
A5kt o] G 190 uLoll FEE A= 10 puLE 71§
&2oll A 627 REEAIA 734 nmellA FBEE 4513
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Fig. 2. Antioxidant activity of tested sample expressed as the net
area under the curve (net AUC).

O ascorbic acidE FAAUZ O 2 AESHITH

3) ORAC &4
Oxygen radical absorbance capacity (ORAC) =412
ORAC antioxidant assay kit (Zenbio, NC, USA)E AL-g-5}
Fow, AlzAlA BHshs Aol whet Z skt
ORAC =72 microplate readers ©]-8-51% 485 nmlA|
AZ}7F o1 7] (excitation) =] 1 528 nmOl| 4] W& (emission)
& A 2dsto] 7ol =5 Skt

ORAC %t Fig. 29} o] A5d7H et iz 3
T 4=A4 ofdl o] HA (area under the curve, AUC)S] A}
]9l =4 (net AUC)= 532l AA| 1 g uM trolox
equivalent= YERH AT uM TE/g).

4. 8dZst =5

1) DPP-4 X3l &M

Dipeptidyl peptidase-4 (DPP-4) #3|&4-2 DPP4
inhibitor screening assay kit (Cayman chemical, Ann Arbor,
MI, USA)E °]&stled, AlxAtol A dRshe Ald
Hol| w2t FaYstdrt. =, 96 well plate©] diluted assay
buffer 30 pL, diluted enzyme 8 10 L, 3= A= 10
uL®} diluted substrate 8- 50 uLE 37Fokal 37°Cof|A]
3027 §H-8-A1X1 T2 excitation 350 nm, emission 450 nm

oA TFHEE ZlsHrt,

SAIXz2|

Table 1. Antioxidant activities of the sample from honeybee
drone pupae

DPPH radical ABTS™ radical
Sample" scavenging activity scavenging activity
(ICs0) (ICs0)
1 (ug/mL) ND? 259.63+13.00°
2 (ug/mL) ND 338.86+£6.84"
3 (ug/mL) 559.22+5.014" 21422 +£8.69°
4 (pg/mL) ND 170.18 +11.13¢
Ascorbic acid b N
+ +

(ug/mL)? 10.03+£0.22 4.73+0.11

D1: Ethanol extract, 2: Hexane fraction, 3: Ethyl acetate fraction, 4: Butanol
fraction.

P Ascorbic acid was used as a positive control.

9ND: Not detected.

YAIl samples were tested in a set of triplicated experiment.

Different letters (a-¢) within the same column differ significantly by tukey’s
multiple range test (p <0.05).

= Uetiidlon, tixat et
of digt A%
guide, SAS Institute Inc., Cary, NC, USA)Z2 1S o]-&
5o one way ANOVAH O 2 BAMEAS *1/\]3]'9&—7'— ==
ARHEE THO] o] A2 Tukey's®] Ths HARH R
p<0.05 FEoA LS.

zre] $AH 24

2 Statistical analysis system (SAS enterprise

Fig. 13} Zo] £HH 7] ZAXEY A& 2kgS e
2 FET T AYEE0 ] FE5E2969¢(14.84%)= 4
At 123l 7|4 dojRl FEE 2969 g2 TRTE
SOl AIX] Fofl Fi4L, o otAEIC|E W Hehs o7
wE5tqiTt. 11 At A4k 2] 54 ¢(18.18%), ﬂlﬂovﬂEﬂ
O|E 23] 341g(1.14%), FeH& £ 2838 g(9. 55%)
B 22 201.22g(67.77%)2 A3lct. A 7] &2

l%OVﬂEﬂ |E 28] 80| 1.14% 7P Yok & 2%
< &= Bt st 4]
TEs %7P°* 4| ©]-§%+= DPPH
o] vlwA 7hdsto] 4kt
PPH= 5-19] Hepi o] ¢F
A3t free radicalZ IS B2 o) o5 SHAEHA 2
LA o 2 WMl "t (Lee et al., 2003). ©15 ©]-85}]
He|7] ot 25 9 28E2] DPPH radical &
=25 A7 (Table 1) THE Al 2S00 vl o 2ot
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AE|o]E B Aut 55922 +5.01 ug/mL2] ICs, (DPPH

o] &7} 50% FAEEd DAt A7 HE)ghe

EFf Sl o, FAAHZTQ ascorbic acid2H= 2421 2}
°ol& HEFH AT (p<0.05).

ABTS radical &2715-& o8¢ ™ H7] ogtE +

=5 Y 2959 4itete 242 ABTSS} potassium
persulfate2] W50 2 AAH ABTS' free radical®] &
AtEAo ool AIAEHA radical 572 A =M
o] £ o= ML= |24 DPPH radical 2784
H oEo] de o] &5 it S olth(Yu er al.,
2008). ABTS radical= 50% A|ofist= =8| 7] ofgt
& 352 4 29E9 ZE Table 19 AT ©f
RS FEE [Cso A2 259.63 +13.00 ug/mL, 4+ 23]
338.86+6.84 ug/mL, AlEOMAHIO|E #8]-2 21422+
8.69 ng/mL, FEH-& 222 170.18 £ 11.13 pg/mLE
eh& 29 9] ABTS radical &7 €40] 7FY =25
T AT (p<0.05). °]2{?t E¥}+= DPPHS| 7
free radicals &75A]9t ABTSE ¥l radical-S
74—5—].3 l:ﬂ-l:ﬂ_o_i = 71;{13:11 H}p_gjq.gq xhg 7] Zlo
a]— 9)-/\-]4 ;q-o] _H;_o]‘— 74 oz u}r)rgr,} o]—uﬁ] MQ_
S wEste] oA olFodl A A=
|25 AAE E8oh7 ot thilds Fejste] &
F AF7} o] F KT (Yu et al., 2017; Kim et al., 2019).
Jang et al.(2019)°] TF2H A-821FH alcalase THH7}
ZE3)E2] DPPH radical, ABTS radical &74&A42 7}
7} 34.4~460.35 pg/mL, 28.15~34.54 pg/mL2] 1Cso H S
£ Ueto] (p<0.05) & A7 Aol Hlwstdg of A
A ] Wio] At Ao I nAlE Ao s wkE
ot o, mad A et evke2siE ] DPPH
radical £2Z4L2 flavourzyme T 7I=E3E0] 4=
5}, ABTS radical 2L neutrase THEI7F=E5)
EollA /o] il B 15t (Cho er al., 2019). ©l+=
B4 212 o] B o] ALkt 7oAl A of
o)At FRol mhE Ao & Atm

ORACHZ A2 Ay A3sto] 2,2'-Azobis
(2-methylpropionamidine) dihydrochloride (AAPH)®I 23]
AB8= peroxyl radical?t 3F probe’} BH-g-5to] FAJH
H &3} 0] ofo] HAtE EAo| o8] Jupt 7H4s}

215 S4ot= del=A AF W EA5H= hydrophilic
E3} hydrophobic A& RFof HM-8-510] S8 $7} |
Aol o} (Kurihara et al., 2004). Table 204 E=

=S|
=

rlo
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Mo ox [‘li"

Table 2. ORAC activity of ethanol extract and fractions from
honeybee drone pupae

Sample” ORAC (uM TE?/g)
1 10.58 +1.41%%°
2 14.49+0.92¢
3 11.85+2.10%

4 8.90+0.94°

D1: Ethanol extract, 2: Hexane fraction, 3: Ethyl acetate fraction, 4: Butanol
fraction.

PTE: Trolox equivalent.

Y All samples were tested in a set of triplicated experiment.

“Different letters (a-e) within the same column differ significantly by tukey’s
multiple range test (p <0.05).

Table 3. DPP4 inhibitory activities of samples from honeybee
drone pupae

Sample” Inhibitory activity on DPP4 (ICso)
1 (ug/mL) 1242.50 + 148 60> 42
2 (ug/mL) 1491.65+188.90*
3 (ug/mL) 956.87+117.74°
4 (pg/mL) 1196.57 + 171.78®
Sitagliptin (nM)? 73.41£3.10°

D1: Ethanol extract, 2: Hexane fraction, 3: Ethyl acetate fraction, 4: Butanol
fraction.

YSitagliptin was used as a positive control.

YAll samples were tested in a set of triplicated experiment.

“Different letters (a-¢) within the same column differ significantly by tukey’s
multiple range test (p <0.05).

Hie} ZFo] ORAC &7 27} 8.90~14.49 uM TE/g2] =
UERHSICE. 984 DPPH 2 ABTS radical 2718437 of
27 g4t B3] ORACH©] 14.49+0.92 uM TE/gO 2
peroxyl radical®l] Hiet A QAxpgol 5ol 7 w3k F
Eh2 238]0] 8.90+0.94 uM TE/g 2.2 7H4 Wtet,
DPP-4= leddt 277k #H|E 245t Ay
glucose YA/3S& A= 13" T2E2I glucagon-
like peptide-1 (GLP-1)¥} glucose-dependent insulinotropic
polypeptide (GIP)E &sll5te] BEAJ3} Al7]= 2H8-3 ¢
ot whebA DPP-4 282 Ahdshal 12 e 4= 7t
A1717] §13l DPP-4 AAA7F AMEE AL 20060 FH
Aol Al AHFE] 3l 1Tk (Ahren, 1998; Drucker and Nauck,
2006). 2 Ao A SERE7] Aets 252 9 Bl
89| DPP-4 A E/-S A7 AF= Table 37} ATt
DPP-4 #5874 ol 2otAIEHIO|E Z2lo A 956.87+
117.74 ug/mLe] ICsodk= LHE o] /o] 7P W ol
At B3] (1491.65+ 188.90 pg/mL)°ll HI3H F 1.58) ©f &
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A=g, 23, 4MA, 220, 25, san|

ol Euth oetE FEET Bt B89 A9 7+t A (FAIHS: PI01512901)°] 2Jste] =35 Zl o2 o]
1242.50 +148.60 pg/mL, 1196.57 £171.78 pug/mL2] ICso A=Y
e Bt aebs SEdgY] et 58 2 23
=2 DPP-4 E4F Aofote] i 2Hgof 7]o] & H o
2 Hotmup 250 ojuet Ao o]dl DPP-4 A5l 7]H o 2sd
o] dojup=A]ofl thgh FAA Q1 A47F D gsittal AR ) )
Ao s EAAATY. 2017, AAED: AA A-82F A% € 7}
= T71e dF A 2072).

01 2|3t A7} 2 n]50] DPPH radical 2752} DPP-4 A FREZAANALY. 2019. FEAA] 9719 A (A 178
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