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Radioprotective Effects of Propolis on the Mouse Testis Exposed to X-ray. Tae Jung Ji, Jong Sik Kim',

Hyung Jin Jeong’ and Eul Won Seo'.

Dept. of Radiological Science, Kaya Umverszty Goryeong 717-802,

Korea, Dept of Biological Science, Andong National University, Andong 760-749, Korea, *School of Bioresource
Science, Andong National University, Andong 760-749, Koren — The propolis is natural product produced
by honeybees and is known to have many biologically useful properties such as anti-microbial, an-
ti-oxidative and anti-tumorigenic activity. However, its radio-protective property has not been well
studied. To investigate radio-protective effect of propolis on mouse testis, mice were supplemented
with propolis after 5 Gy irradiation. The histological changes of testis were detected by TEM. The re-
sults indicate that propolis may protect tissue deformation which is induced by 5 Gy of ionizing
radiation. Furthermore, to elucidate the potential molecular mechanisms involved in radio-protective
property of propolis, we performed microarray experiments using oligo DNA microarray. We found
65 up-regulated genes and 224 down-regulated genes, whose expression levels were affected more
than 2-fold by propolis treatment in mice irradiated at 5 Gy. We confirmed microarray data with re-
verse transcription-PCR using gene specific primers. The results of RT-PCR are highly correlated with
those of microarray. These results may help understanding molecular mechanisms of radioprotective

effects by propolis in mouse model.
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vhoE ZzEes 44 43T ASHD, e
T2¥els ¥ Fol AYT) AT 2222 4
A ARTY B WA AL Aol ZREYAE AL 4
o 44 JHES ek Al 8% Z2Fass} F4Y
Al Azste} ALgstor, 9 ® 0.05% T2Ee]2E Yol
AHEA T8 AHES AT 22 Ees B Fo 49
o WA ZAL Aol 20% T2 A 1 mlE Y B
o] Fo8id.
AR & QMM F R RO AHEE T e AEMET]
(Clinac 21 EX, USA)9] X-AL o] 4319tk AN FAl=
A5 72 20 cm x A2 20 cm 2179 %-’,‘— A28 o}
A4 cased] ¥& U vHE A ¥ *‘Eﬂi A Hc}/\}
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Depth 1.3 cm, Field Size 25 cm x 25 cm, SSD 975 cmZ 1
T ZAFE S8 AR ddAlE 1 Gy(92.6 MU), 5 Gy
(462.8 MU), 10 Gy(925.6 MU)E ZA}3l9t). Z2 &2~ &
7 Fo AP79 HALA ZARE Depth 25 em, Field Size 25
cm x 25 cm, SSD 975 cmZ &k 2F FALE §glon, W
AR WA= 5 Gy(229.2 MUYE A3 th

A4 A 7HEH AN 7 b8 dieth-
yl etheri A nM% A &, % & A An 2
e AR B AL 150 929 21, A2

2] 9] paraffin methodd) we} FE& A2
ST, 4§§ 27 & PBS (pH 72)0] A=ske 10%
FAA §-9of o] 247+ 43t th. Ethyl alcohol g o] &
3lo] '8l 32, xylene© 2 X838+ & paraffin block-S 9t

N
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St Z blocke 8umE sectiondlo] FEZ
HE L hematoxylene ¥ eosin®. 2 o] F @A

S9ich AARN A g 27 o] A%, 429
Z 2% glutaraldehydeoll A 3A1ZF &<t AXAFY T, osm-
mium tetraoxideZ 147 308 F< 34 3Huh. Ethyl
alcohol S AL-8-314] At 2424 S Y3421, propylene
oxideZ X &34tk 12|31 epon resino] Eujsle] 60T )
k7)o A 48417+ Z=83le] blockS A2tk Ultra micro-
tome$ ©]-&-35t4] 80 nmE B F uranyl acetated} lead ni-
trate2 o|F GM3to] F3}AaE ] (H-7000, Hitachi,
Japan)$ E3he] #EAE )

Total RNA &

2ol FAZZ O ZHE microarray 4¥3 RT-PCR
AYE #3317 A5ty total RNAE F2E33 0k 4 tri-
zol A9} (Life technologies, Inc, USA)E o]&3}¢] total
RNAE A& F, o]x}3 o2 Qiaquick RNeasy mini kit
(Qiagen, USA)E o] 3te] FATHAH

DNA microarray &8

A2 ] microarray J4@ 9] #3 2 dlo]y 42 A
of AAT (F) A=YEZd Agsto FRHFHAL. ALSH
DNA chip & ®]= Microarrays Inc. (Nashville, TN, USA)
oA Alztet 38500/ FAAZE JHEH Ye mouse
whole genome chip$ AH-3HTH A9 e dabe o
L3} 2t} WA 13} DNA &AL 93] F&3) total RNA
2 pgs AHESIYth. RNA F3OZHE reverse tran-
scriptaseE o] &3lof, 24|17t Et 2Tl FAANESS 4
galgdct. 12 cDNA AR LS FFo 2 3l DNA poly-
merase [ & o] &8¢ 2;2} ¢DNAE A9t 88 & 05
M EDTA o2 v8-& 231 8Hg 2HES Qiaquick
purification kit (Qiagen, USA) &2 AAsI4c}. 1 1L, &
d 719 (DNA ZFE& 43}, 3 pl 10X polymerase buf-
fer, 1 pl 10mM AA-dUTP/dNTP mix, 1 pl High-Heel pri-
mer, 21231 2 pl Taq polymeraseE ©|%7}e 2] DNA £
of 4ol 33 ATt. FF cyded BTAA 18 T ¥H&-&
thE, BTAA 18, 72 C°ﬂ7\1 2% 348 30 cycle HHE &,
opAjEto 2 72°C oA 587t extention #A4E sttt F
Z g (DNAE Microcon YM-30] 93} ¥&3lo) H2 £
£ 8 ul2 gk 29§, cyanine-3 £-& cyanine-5 dyeE
o]8-5te] DNAES H A9 AAd cDNAE hybr1d—
ization £ 100 plel] =9 &, 100TC A 287 €& 713
2., microarrayol] 27 A3}l Hybridizatione 42T 9
X 12—16/\]7,} A A &, microarrays 2X SSC/0.1% SDS &
Ao A 587 01X S5C/0.1% SDSo) 4] 10£-71, mpxjto 2
0.1X SSC &-Hof A 287 23 A FstPch A H-E v mi-
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croarraye U4 Eske FA EH-

Hiolg 24

Hybridizationg v} microarray® Axon GenePix 40008
scanner& 0]-£3}4] scan ¥ }-&, AgilentA} 9] GeneSpringGX

38 o]-43te] BA a9t} Normalization ¥HH-& intensity
dependent (LOWESS) normalization %' & AMEstTh. &
Az} filtering2 median k2l §Ho] 1,000 o] o] H= 3
Ag AgstAh

Reverse transcription-PCR

1 pg RNA sampleo]] 15 pmol oligo dT primer& 3 7}3}
o] 65CollA 1087t vhg-3 5 F&ollA At 7} sample
o 7.5 ul reaction mixture (50 mM Tris-Cl (pH 8.3 at 25T),
3 mM MgCl,, 75 mM KCl, 10 mM DTT), 200 unit reverse
transcriptase (Finzyme, Finland), 5 unit 2] RNase inhibitor
(RNasin; Promega) 9} 0.25 mM dNTP mixtureZ J7}3 &
2CqA JAx §-e& —r“%}?&@r H-g & 65T A 10
B7b B8 Zx59rh PCR ¥h2 3 ul cDNA, 2.5 ul
10X Taq buffer, 5 unit Taq polymerase, 2 yl 2.5 mM dNTP
mixture, 1 pl 10 pmole/pl Primer-Sense, 123 1 pl¢} 10
pmole/pl Primer-AntisenseE 22 thf #HF F3& 25 ul
e o £33 PCR §HE 242 94T A 5 minZt
denaturation, 94°C ) A 45 sec, 50°C ) A] 45 sec, 72°C | A 45
secZt 25 cycleS, A2t 2 72Co)A 5 min Fo2 319
t}. PCR ¥¢5& 2% agarose geldl Al A7|9F
dium bromide £d oA G
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10 Gy ¥HAHA 241 3 10 98 ZHoHE 4% 3712
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on), AUAT S} ARATE A9 H2YA B3 AAAE
@ g9s9l5. Johle CALE TS S o
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Fig. 1. The light micrography of testis extracted from mouse
supplemented with propolis. A, normal testis; B, testis
exposed to 5 Gy irradiation; C,D, testis exposed to 10
Gy irradiation. Tu: seminiferous tubules, Sz: Spermatid,
Ly: Leydig cell, v: Capillary, Sg: Spermatogonia
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Fig. 2. The light micrography of testis extracted from mouse

given abdominal injection of propolis. A,B; testis ex-

posed to 5 Gy irradiation without propolis injection,

CD: testis exposed to 5 Gy irradiation after propolis

injection. TM: Seminiferous tubules membrane, Sg:
Spermatogonia, IC: Interstitial cells
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& A 7o A BRAEY F% 7PN ety
olF &7} £4Hn GHAAN o Ao
B, AR ZoMe dA7 A &4 = ArkFig. 3C, D)
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: A 2 ’ gy
Fig. 3. Transmission electron micrography of testis extracted
from mouse supplemented with propolis. A/B. normal
tissue, C,D. tissue exposed to 10 Gy irradiation. Ly:
Lysosome, BM: Base membrane, Ms: Myofibrobrast,
Ser: Sertoli cells, ScP: Spermatocyte pachytene, M:
Mitochondria, StM: Forepart of spermatids, N:
Nucleus, St: Spermatids

Fig. 4. Transmission electron micrography of testis exposed to
X-ray with or without propolis. Mice were exposed to
5 Gy irradiation without(A,B) or with (C,D,E) propolis.

A Ak (Fig. 4B). g 2 £08 5 Gy HAMN S A
e 249 By, A2xHe 8 & d4do] oA U
o, dutr 7 £4& 22 o2 R HFg. 5A,
B). Z2v Z2 e B Fo dFFAN e FdAES
AT ety &0 FEARAE, Had, JRAZE]
3479 g #2HNHFig. 50). £ Azl M 9}
fEZ=gote &35A Ekth(Fig. 5D). WAArIFH &
oM & 2Ao] g T2EIYX Fas XY o|FH
& A Fole AR zAHGCY, B Fdd =
Aol M 44T 2R &49 35 Ajo)7t & JeF #

ZEA
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Fig. 5. Transmission eclectom micrography of testis exposed to
5 Gy irradiation without(A,B) or with(C,D) abdominal
injection of propolis.
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2 5 Gy WA ZALF(PSGY)H 279 npda 7@_,_
A fHA BAS viws) £ A P5GyTolA 1,9637

3
ZHH 47} total RNAE F33H5Th %z}l‘l o8 W‘v‘bl
B 22N A7 A vhgae AhzdAe & V}
TH AEE vl BT 22ELE FAF ohy
o BrzA% Uz s 44249 U7 L
Mlad 2, 33749 KAAE 29 o4 A RHHE RS
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o Jaf 65749 FAzL7} 2uf o)} Frhet A, 224709
AA7}E 20 o) A3 A o] F FHEH Tagol M
$e HANE 2% VA AR, §4A Balol 27}
He 84 oA Gusb (NM_010368, Glucurnidase, beta)
9} Gp38 (NM_010329, Glycoprotein 38)2 Melslgat, 74
He 32 FolA = Tbsp (NM_008318, integrin binding

sialoprotein)9} Cypd4al2 (NM_172306, cytochrome p450,
family 4)& €3} tHTable 1).

Reverse Transcription-PCR

Microarray 48 Z#-E F9st7] 943 A7 dgo
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o]A<l oligo primerE ;q]x_}—a}oq RT-PCRS 335
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microarray 239} vlA7}A 2 HASHA BAHE AL
& 5 AT (Fig. 6). o]l Wl microarray Aol A Z7}5
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Table 1. The representative genes differentially expressed by
propolis treatment after 5 Gy irradiation

GenBank Gene Name Fold
Acc. No (Gene Symbol) Change
1 NM_010368--- - - Glucuronidase, beta (Gusb)* . 102
2 NM_010329 - Glycoprotein 38 (Gp38) 51
3 NM_172306 Cytochrome P450, family4, sub- 02

family a, polypeptide 12 (Cyp4al2)
4 NM_008318 Integrin binding sialoprotein (Ibsp) 0.1

Table 2. Sequences of oligonucleotide primers used for RT-PCR

. Gene GenBank

name Acc. No Oligonucleotide Sequences

Forward : 5'-agctgaatagccagtttgag-3'

GUSB NM_010368 Reverse : 5'-fctctctcgeaaaataaagg-3’

Forward : 5'-tctgccttiggaaaactaaa-3'

Gr3s NMLOIOS29 g everse - 5'-gggctggaatgtgtatgtat-3'

Forward : 5'-gcctgtcagtctttticaac-3'
Reverse : 5'-taggtgacggaaaggtaaaa-3’
Forward : 5'-ttgtttgtagtegectictt-3’
Reverse : 5-tgtgataaaggaacgtcaca-3’

CYP4al2 NM_172306

IBSP NM_008318

Forward : 5'- aacctgccaagtatgatgac-3'

GAPDH - NM_01001308 Reverse : 5'- gtccagggtttettactect-3'

5Gy P5hGy

GAPDH (269 bp)
CYP4a12 (331 bp)
IBSP (251 bp)
GUSB (317 bp)

Gp38 (248 bp)

Fig. 6. The results of reverse transcription-PCR. Total RNAs
were isolated from samples and then RT-PCR was per-
formed using gene-specific primers.
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