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Abstract: The protective effects of lotus seedpod procyanidins (LSPCs) on injury to the reproductive system in male mice, induced by
extremely low-frequency electromagnetic fields (ELF-EMF). A total of 50 male, ICR mice were randomly divided into five groups: control
group, ELF-EMF group, and ELF-EMF+30, 60, and 90 mg/kg LSPC groups. LSPC was administered intragastrically to the mice daily for 75
consecutive days. ELF-EMF exposure was initiated 15 days after LSPC administration began and continued for 60 days. After ELF-EMF
exposure, the mice were sacrificed, and their epididymis and testes were obtained to determine the weight. Parameters such as testicle to body
weight ratio, sperm motility, and malformation rates, superoxide dismutase (SOD) activity, and malondialdehyde (MDA) content were measured
as well as testicular pathological changes were noted. Administration of LSPCs (especially 60 and 90 mg/kg) for 75 days effectively alleviated
testicular morphological damage, significantly improved testicle to body weight ratio, sperm motility, SOD activity in the testes, reduced sperm
malformation rate, and testicle MDA content. The results suggest that treatment with LSPCs could significantly alleviate reproductive injury
induced by ELF-EMF in male mice.

Key words: extremely low-frequency electromagnetic field; reproductive injury; lotus seedpod procyanidins; preventive effect

(Y BT R A AR EONE A T R AR e Bt 32
TR, Mg MM AL, BT

B A S HL WL 3% (extremely low  frequency
electromagnetic fields, ELF-EMF)&4ii%1E 0~300 Hz

ks EHA: 2014-10-08

HETH: ERAARFEES (31201456, 31371734); JIHE “NAAL
EilE” E (SWy-022); IHE “BETR” WE; IIHERINEERE
W2 E

EZEN: SHOBIE (1975-), 5B, BIEIR, itESIH, TENEREI~H
TEMERETF R EAHIAR

BiEE: BREF (1973-), &, R, ETESF, TENEARERE
YEMERL S R EAUEIRRR

FAFFERIH X 20 T2 S 305 Al i 2 A A
%, HLTIREIEI A RS OC A H 23 58 H,

T B LM RS PR KGR,
PR ETE R GRS, VRIS AR A (1 2L
K2 —, ELF-EMF gtk o E W A2 )
2Rk, BHHAGR THME RS, BRI H 2 iR
ST NSRRI 1) — DN EE ST . ARZARATIREE
BNV R FER AR ARSI L 7 AT 3 RN S sh e 5A

13



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

P55 . Fracki 2385 % 2376 42 S PRV FE A 5211
AT, RIS TR TR G B T B
(4. Salama 25195 % W KR 5 T 60 Hz. 1 mT #il%
SRS SRR S AANREIEER. BRI
R HEVE AT RS0 ELF-EMF R BiUK

JEAET 32— FAFR S A5 A 5T,
PR TR B, M. A6, MR,
THAM PRI RE I Z e, EEFR. B
PR RESUESZ B 2 1) e . IR, BN
RAEBEFRTRIT e EMEIEE &=, FIEUERR
17 2 (Lotus Seedpod Procyanidins, LSPCs) /&% %
MRS, AR, RIS, Hrh 3
RIS BB, IR LZEE R IR A n e,
FAVSEHT IR 52 2 B LSPCs B RSB AR08, £,
FEPrE, Huml $Ren SIANTIZP. oL s
[0l% i LSPCs % ELF-EMF SUE5E R 445 Toiy
M) P I SCRRIRIE - AN TSR SR A 2 P At 45
T/INRAN A E LSPCs #E H , #R15 LSPCs %f ELF-EMF
FOREPE /N ARG R E R, A B S A AR (g
ATV RN L FH PR AR 2 BB .

1 MR5RE

L1 A5

SEISEIY): HEPE ICR /IR (2042 @), FHYLTR K5
SIS F PR (B A A ATIE S SCIK (F5)
2007-0001).

Skl R B Ut E SIS MEX, SRR EIRN
A 2 5o B (FOF)iETE T, F5F . SRAARSE
55 % OO L R SR AL %, S R AR R 4l
FE>9501°1,

WAl PGSR, ARG R A A
BCA & FiE Eifa, ALt B AR BR A
F]; SOD il MDA 75, R A TR TR
VKPR HIE.

12 &5 &%

B R RT, MP502B, iR SR A S
IRATF]); GL-21B R mdd vk Bl g b
IR s e (P ST A A T]); HH-S,
HORAERKB R, SInmEITAGEE) s Multiskan
Spectrum A K EARAY, EEMHBAF]; Leica
DC300F {5 Bt R fss, HE Leica AH].

13 &

14

131 RBHExRE

SEUR FASARAR R R A% s 12 AN AN [
TEZUE S (Helmholtz) ZRIBI AL 2RA4 i, 28R4k
BN 36cm, WAE32cm, [Tk 500, PiLkiEE AR
T 50 Hz FIASH L, A X 3k ] 72 AR A2 AR B o
LA IR, Z R S R XSEaG /N
HEATHRATIT, BRI BT8R R G FR32E B A L3
SE TR 2 (8], @i 8 i R f s sa
[
132 Z¥shthalb st

¥ 50 RN ICR /N, BEALZ TR HELH
ELF-EMF 4 F1 ELF-EMF+30 mg/kg LSPCs
(ELF-EMF+LSPCs30), ELF-EMF+60 mg/kg LSPCs
(ELF-EMF+LSPCs60), ELF-EMF+90 mg/kg LSPCs
(ELF-EMF+LSPCs90) Tiisb®EZH . LSPCs FHA#EER
JKHCH, LR 75d, #EH 15d 5 %4/E 50 Hz, 8
mT RiA5AF T 4 hid 825547 60 d, Forp i X REH
RIATH R O EE ST o
1.3.3 @zikg

4L 60 K ELF-EMF f8 5 45 R 5, B SukfEykit
SESEG/INER o ECHH 0 S AL 2 B 52, R AR B R K e,
HR B2 EMARIIAL, FRIEER, Mifidsk,
HtE s AR ER A (ERED, PLmg/10g fAHE
Foore S HIFAFET-80 CukA T A4k dabmil
SE, ISR U ELE 100048 /K SARiAE TR 414
FRELHT .
134 JEMHETFEFE

BB S ONR 37 CLEFRER K/ Nes i,
BURE, kG, WSOk T80k, R Lk
FEBRSEEN 1% ORI EH T L, 1 min £
AR, SR AT, BB TWE. Bl
B N RILUR B ASERE, AR B NATE RS,
R e BEAE SR T 1000 2%, THEAE I
1.35 DRAFTF A E

O — MBS, ONEEA 2 mL AE 3K /NP
mH. FHERFIERE BT 1~2 J], ##E 3~5min,
BERE . HUZEREAE, WIERRh . 25
RS, PR E 5 min UL, TR, 1%
Pet, 10 min, FHZKERM, THE. EAUREE THREIE 5
TEW KT ESEIEAL, HE s A AR
A&, ISR T. BTraktRE GEA
) Bk S AR TR S, SRR NN
W, AR, R E 1000 M1
1.3.6 FHZAZ SOD. MDA %



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

M2, FREER, BTWE TSRS,
TN 9 RETARIAER K, B TUOKIBAE 750
%, #RJ5 LA 2000 r/min 5.0 10 min, il 10%2H 215
o F R TR SR E R AR S AL 4 SOD
TR MDA & &

137 FHALFHEFIK

PO EC— %2 F, FUEANR T . FH 10 %48 /K Sk
[E5E 24 h L. WA B, AR5 V1A & 4.0 pm),
YE HE (IRAHKE-HRAT) Yett, b FALgE,

14 Gitsair

SKIHHEAIA x s o, K] SPSS 16.0 Giit 4k
AT gE 2o, IR EdE P<0.05 YN ZE R A St

PN
FE o

2 ZER5vHS

2.1 LSPCs xt/) B £kt iy &

JFEAR EE R AR AR AT DALV S A A28 B A2 1 32 40
B 1AW, HIEWEXHRAML, £ ELF-EMF fa4f
JE /N AL R E BEK (P<0.01) . TT&AN Ak &
LSPCs T4t B J5, ®MAWH E LI, Hh
ELF-EMF+LSPCs60 #lI ELF-EMF+LSPCs90 4 5
ELF-EMF 41 EEEIA BIR R 2 KT (P<0.01).

1 LSPCs X/NREZBIREEIIRINE (% £s)
Table 1 Effect of LSPCs on testicle to body weight ratio in mice

Pl n - 24kpk/(mg/10g)
TEF AT, 10 37.9040.40
ELF-EMF 10 20.4742.76%
ELF-EMF+LSPCs30 10 24574 53*
ELF-EMF+LSPCs60 10 31.804.56**
ELF-EMF+LSPCs90 10 36.7042.01**

E: MhHEEA AL B EM £ F(P<001); "5
ELF-EMF4aABILA 2 %M £ % (P<0.05); ~5ELF-EMF4AELL
AMEEMEFP<001). FH.

22 LSPCs x{f /s Ut F 7 & 8 %o

% 2 AT LA H, ELF-EMF 455 B3 A8 T /MR
FE% (P<0.0D), T#EH LSPCs Sk FiG%f
FieTt, BARARIARIEH XHEA1K T, {H LSPCs (30,
60. 90 mg/kg) #4155 ELF-EMF 40AHtk, ¥ EE ST
& X (P<0.05, P<0.01, P<0.01).

2.3 LSPCs xf /s FUAE ¥ i V) 09 %
HiR 2 AT, SA/NRR TR AL, T

ELF-EMF 20K i3 5 I IR AU E B B4
(P<0.01), ¥ LSPCs (30. 60. 90 mg/kg) H&Ep#
ik 7 ELF-EMF #E51 SER T4 (P<0.05,
P<0.01, P<0.01).

7 2 LSPCs X/NRIF FIBRFMEFRIFLERMEMN (X £s)
Table 2 Effect of LSPCs on sperm motility and malformation
rates in mice

it n HTER HTERY HTEHE %

EF AR 10 1000  67.33#2.06  31.5641.95
ELF-EMF 10 1000 4353+1.96" 51.88+1.58%
ELF-EMF+LSPCs30 10 1000  47.90#.57* 48.86#0.57*
ELF-EMF+LSPCs60 10 1000  56.8041.40** 44.04+.91**
ELF-EMF+LSPCs90 10 1000  62.03.70** 39.20H.17**

2.4 LSPCs 3£ 4, SOD & 7 th &

£ 3.S0D / (U/mg prot)
—_ b W B h
(=== i e i e
T T T T T T T T 1

[l 1 LSPCs XfE2 41, SOD & F7H054NT
Fig.1 Effect of LSPCs on SOD activity in the testis
ME L RTLUEH, SIEEXTIRAML, ELF-EMF
=H SOD V&I EME (P<0.01). 5 ELF-EMF
ZHAHEE LSPCs (60, 90 mg/kg) TiAbFEZH SOD % /15
ETHE (P<0.01), {H ELF-EMF+LSPCs30 4 SOD i
JTEA R RAR

2.5 LSPCs % #, MDA 4-& 1 &%

#t N

=

—
B
-

MDA / (nmol/mg prot)
S—RNWEURTXDO

g B
& S & o &
A ¥ << & o
P @ g*\’% (‘x\;; N
oM o8 o
< Q»\f( QO

[E] 2 LSPCs XT=241, MDA & ERIF/A
Fig.2 Effect of LSPCs on testicle MDA content
f&E 2 AT 0L, ELF-EMF 20520, MDA & & 5 1E%

15



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

Xof FRZEAR B 2 B 1 v (P<0.01), Tt BAES= A4 7 ™ &
e k. 23t LSPCs (30, 60. 90 mglkg)
Tiiab#, 5 ELF-EMF 4L, MDA &0 R FFK,
HAEES 232 X (P<0.05, P<0.01, P<0.01).

2.6 LSPCs M EAHLIHERAN T

52N LTE A ARG 1774 S BUB R mT 4
7595 B3 (A WJLAG Y, TS IR 2 52 AL R
HR )R AN HES RS 7, AR 70 S, o
BEJCIGTRESE, SO ERAIHS ST E .
A WLE KB A T HE 3(B) A LIE i, ELF-EMF
=L KIS ARS8, AR o P RE
vEER, SRANSHS HELFRs, E

& 3 LSPCs X2 A LALARIERASHIRNG (HE, X 400)
Fig.3 Effect of LSPCs on histopathological changes in the testis
(HE, x400)

(D) ELF-EMF+LSPCs60; (E) ELF-EMF+LSPCs90.

W B MTE R, EEARAE, SN I
. &5t LSPCs Fiikb#, =AMALIEH ELF-EMF
WA, HBEE LSPCs FIE A SR & .
HE 3 (D) 1 (B) AL 2 ALTESI 152
W 2RfR, mhAREE L g2 vcam ey, g4
FEAARECE A BTN, HEFA T, N SR A
BEAXEZ.

2.7 Wit

ELF-EMF S AL I S A5 007 2 FL AP RN AL
filz—. UFETEEERM, R REW AL
ORIy = g N NP Y INTITE IS AR ATA Gl MRS 12
RFE(E ELF-EMF T, FIEMRTIREIE RS, O
R G RS RETE R G ThRerg P> 1, prge
WA, ELF-EMF T ZEE e f2ma s 480 Hi%E Creactive
oxygen species, ROS) R HAEAN T E R, 7l
AEVI R T AR, eI, B AR RS K AEA
[FIFERE RO At SCBERIINTLAE, LT S804

16

AR EIORAS, Hamatd,

AR SRR IR T R S
H1, ROS =4 5l kR T —Faha& P, &40
ROS A B FHEFIRAEMIIA S, T4t &1 ROS
L T AR R GTERREE AN, WS s RE B,
SHCKE T DNA XUk, P, soD kN
PUrEWEE R EE R A —, BATER A A0S
REFUEEALIVER, MDA ZHUR N B 3Lt
FEA I RE U A=, ] DA 2 g sk
A B IR A R o ARSI i I 2 AL 4
SOD y&4: 1 MDA &, RI ELF-EMF &t 55
ZH 2 SOD 15 14 i 2 Bk MDA & & 23 s, B
ELF-EMF %@ 59 B 4 1 52 b b mg i e, i piss
FAHZ F i EA R P A K =R . ELF-EMF
FR S I SR LA R K P R B, R R )
EREMTE R, SOCERSAIIHEES R LR, R
B is B, B, EATLTFAR WS 1
SEHHALEERAEZF R R A fE & ELF-EMF
ERSHH LA = A KR E AR ANGE S G, IRk
TR AN, 5l sE i ok AR RO R
B AR FAIPRAIREIR, T 5 E0R T B 26 (1 - s f
RERIIRG. MRS E N REAR TR, HER
AFREIE 2 TR E B E AR S A HERT, LA
IEEIARENE S Z 2T, 51 A TH D) R BT BT -

MV EAIESE, 55 R T & LSPCs TEAR N /M4 HAT
PR35 % 1 2R R R A S ST, FE AR SR
H, 250 LSPCs Tiikb#E ), =2 H4141 SOD igtERE
Fim, MDA EEHEIFIK, Uil LSPCs EA1REFH
ok N PTEACEEANERR B R /T, [FIRF, A
LSPCs {4 J5 22 AL LUE G R B G, =4k
RIS REA PRI ETHES, K134 B2 P,
U] LSPCs HAT B A A7 K ol T4 A0 e A
AEFE A IPER . HERIR: LSPCs ReAT 2t 7l
AEd ELF-EMF S AT, AR AL T RE S
HEREBE, REVRTTEL RS PTE
Ko

HEiH 2% ELF-EMF [RF5% 3 BiE rh Tt B XU
PIVEAL, B VP4l S B s i B i dRE . BT
ELF-EMF X AE 5 RGu AR B, 2RI 2 SR T
JEANCATRG « ASCH TS SRR, fEH W& hasm
LSPCs AJ A TiplE ELF-EMF JT8UfasE ) —Maa 205
o WERETREE, EHVENEFINTIEF=4),
bR/ b RHEERIE LA, KW U ERIR T, 1ERK
PRRMIROCIR T, WRER A, X THgEER



MR BRI

Modern Food Science and Technology

2015, Vol.31, No.6

PRI IMEAN B R K B AA R .
3 it

31 ELF-EMF $ESIACER 5/ s A SR R A T™
HYR, BRI BPiERREAHZ SOD iaER
HTER, K TR RS MDA /K- .
32 £ LSPCs TALHE fEHmi fHifhfs 2k, Hr 60,
90 mg/kg LSPCs Tiikb2H % Tjitghs-5 ELF-EMF ZHAH
LIk Bt iR % 72 % (P <0.01),

3.3 LSPCs X} ELF-EMF ‘S8 e /N R A S A
S TR

Bt I bR

[1] Calvente I, Fernandez MF, Villalba J, et al. Exposure to
electromagnetic fields (non-ionizing radiation) and its
relationship with childhood leukemia: a systematic review [J].
Science of the Total Environment, 408, 16: 3062-3069

[2] Fracki S, Bablok L, Mézynski J. Fertility disturbances in males
working as professional computer operators [J]. Ginekologia
Polska, 1994, 65(1): 41-44

[3] Salama N, Kishimoto T, Kanayama H. Retracted: Effects of
exposure to a mobile phone on testicular function and structure
in adult rabbit [J]. International Journal of Andrology, 2010,
33(1): 88-94

[4]  ZFEaEN, S T NE GRS R AL 20T 703
Rfr FFRHE,2008,24(1):61-63
Rui-li, MA Run-yu. Study of Extraction of Procyanidins from
Grape Seeds [J]. Modern Food Science and Technology, 2008,
24(1): 61-63

[5] SRR EEE RGeS R EEEE R EAIIREUCRH BT
[3].IAS R, 2012,28(12):1739-1742
WU Jun, XIA Dao-zong, WU Xiao-min, et al. The
development  of

compound  functional  beveragewith

proanthocyanidins in purple sweet potato [J]. Modern Food

(6]

[7]

8l

(9]

[10]

[11]

[12]

[13]

Science andTechnology, 2012, 28(12): 1739-1742

Ling Z Q, Xie B J, Yang, E L. Isolation, characterization, and
determination of antioxidative activity of oligomeric
procyanidins from the seedpod of Nelumbo nucifera Gaertn [J].
Journal of Agricultural and Food Chemistry, 2005, 53(7):
2441-2445

Duan Y Q, Xie B J. The effect of lotus seedpod procyanidins
on antioxidation in vivo in rats [J]. Acta Nutrimenta Sinica,
2003, 3: 026

Duan Y Q, Zhang H H, Xu F F, et al. Inhibition effect of
procyanidins from lotus seedpod on mouse B16 melanoma in
vivo and in vitro [J]. Food Chemistry, 2010, 122(1): 84-91
Duan Y Q, Wang Z G, Zhang H H, et al. The preventive effect
of lotus seedpod procyanidins on cognitive impairment and
oxidative 'damage induced by extremely low frequency
electromagnetic field exposure [J]. Food & Function, 2013, 4
(8):1252-1262

Duan Y Q, Zhang H H, Xie B Jet al. Whole body
radioprotective activity of an acetone-water extract from the
seedpod of Nelumbo nucifera Gaertn [J]. Food and Chemical
Toxicology, 2010, 48(12): 3374-3384

Duan Y Q, Wang Z G, Zhang H H, et al, Extremely low
field
impairmentoned associated with alteration of MAPKs pathway

frequency  electromagnetic causes  cognitive
activation and decreased CREB phosphorylation in the
hippocampus: reversal by procyanidins extracted from the
lotus seedpod [J]. Food & Function, 2014, 5: 2289-229
[Focker F, Schuermann D, Kuster et al. DNA fragmentation in
human fibroblast under extremely low frequency
electromagnetic field exposure [J]. Mutation Research, 2011,
683: 74-83

Richburg J H. The
chemically-induced alterations in testicular germ cell apoptosis

to toxicology [J]. Toxicology Letters, 2000, 112: 79-86

relevance of spontaneous-and

17



