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Preventive Effects of Vitamin E and Catechin on Spermatogenic

Disturbance Induced by di—(2-ethylhexyl)phthalate in Rat

Ji-Woo Lee

(Supervised by professor Tae Young Kang)

Department of Veterinary Medicine,
Graduate School, Cheju National University,

Jeju, Korea

Abstract

The purpose of the present study was to determine the preventive
effects of the two antioxidant vitamin E and catechin on DEHP-induced
disturbance of spermatogenesis in male rats. Rats at 4 weeks of age
were randomly allocated into five groups with 20 animals per group. The
first group was not any administrated as control. The second group was
administrated DEHP(2 g/Kg) daily for 14 days. The third group was
administrated vitamin E(500 I1U/Kg) following DEHP treatment by the
same method(daily for 14 days). The fourth group was administrated
catechin(200 mg/Kg) following DEHP treatment by the same method. Th
fifth group was coadministrated vitamin E(500 IU/Kg) and catechin(200
mg/Kg) following DEHP treatment by the same method. In order to
determined preventive effects, we examined pathological changes of
testis, characteristics of sperm, and concentration of testosterone.
Vitamin E and catechin supplementation were significantly prevented the

testicular atrophy, apoptosis of germ cells in the seminiferous tubules and



abnormal rate of sperm. Moreover, sperm concentration, viability and
motility was significantly recovered in groups of alone and along with
vitamin E and catechin. There was no significant difference in the
concentration of testosterone between the groups. The results suggest
that preventive effects of alone and along administration of vitamin E and
catechin on DEHP-induced testicular atrophy damages have been

demonstrated.
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Abel Al HdFE AHTIE ol = Zdees Aoem dHA U=

di-(2-ethylhexylphthalate(DEHP)= 7] 94719k tl&o] 52 (2 H 7
Fefed)or £l dov, XA Fols dorl= Aol gt walo] &
obAlaL rh. o] =H2 EHAY AFY] taAE g ARSHC] ghow, 3
o ZHEEY = bag 28 o8 VTl AREH A glom, o] weh 54
E 37, 8 F 5% 53 fE¥0K3,29). DEHPE Fold FHolA A7 &
A7 Fxe] UG VoS Adfstr A FHolME= Hote RS
AAA7IL 718s K ke FAE T ete] IR EHTE Bt

A TH(14,26,30).

DEHPY 2|3 =4 #2 7]d2 BEWsHAW, DEHPY =34 A A=
Aol "4 249l vitamin A, vitamin B, vitamin CE FoJ8lo] HAFFA
Te EYAHOoR JqWsiiti10,15). 53], FdsAE & 4l vitamin EE
Folst3le wW DEHPO| oJste] e A5 WA madrh slol 2 d¥a
o] 7hsd S AAEEATH13,27). T H2o] F83 AE<l cateching WY
Ao RN AAAQ FAs 75e AT F UA Y FEE5 TF, T
Ao o3 FrdE AR, AFA Tl ARl FAkst AREArE ol B
HATH23). 28]3l catechin®] DEHP®} f-AFeE 5-%2] bisphenol A°l th3lA
AAERE B F A%yl wWEol DEHPe g owanrst sdizp #dh
Vitamin E9} cateching &7 Fofs|A Ax oA Foddes d4kst a
T BRu¥AqUH22). 2822 DEHP7} 238k A4 &4 o] i3] vitamin E<F
catechin®] Foj= i3t e 2SS UEd 2oz o=HT.

Apoptosist= M FALS A ste] 42 A g, 1ol ke A
ol & Ja& strpa ¢ A Ah4). Germ cell deathd 24& AF37] ¢
st 292 spermatogenesisE ©]-83F FHL AFoA= AEFA T2
S A A% T germ cell death’7} A 2] apoptosisE Eal|lAw A st= H a1

7F AH( D).
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4% 9] Sprague-Dawley(SD) #E= 715 100vHdE T-Y4ste] 5709 &
= 20vkA o] mjAlElth. Ml 12413 bR o R Skglom, Abm et

2e g T8

SEFA

A=E A AFE] A AZR $AC ASA1717] g8kl 1793 ARA
713, 7t R e Zo] 25 Fot Wi ATFY sGith [ #2 FAET
© 2 DEHP, vitamin E, cateching FoJst#] &dth. I +& DEHPE 2 g/kg
2 T3tk M & DEHPE 2 g/kg® §9]&}a vitamin E 500 IU/kgE 3
A T IV & DEHPE 2 g/kg® F9&}al cateching 200 mg/kgE

3 FEoJsl9dtt. V S DEHPE 2 g/kg® F9J3}al vitamin E 500 [U/kg%}t
cateching 200 mg/kgs 7 FA3130th A& AL&% = DEHP%} vitamine
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Ao ZAAA 2 apoptosis index(ADY =3

Bouin's solutiono]l A" AAE dnb =W ]Hd W<l hematoxylin
eosing P o2 HAAlelnt, stepael] e 225 ddste] Sefol= 99
A & Eaea ) gAY E 3 3 % AAtsea S 583 A
sted PBSE AlFg § TdTE A4k & 37 TollA 1ARF WAL % stop
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A ARk F 19 o] AAste] SAEAT. B 58 Ak Hd A
£ (VAP), 22 A4 £ (VSL), 34 £ (VCL), ZA W54 #$1(ALH),
AEAHEBCF), Ax EZ F& HALE(STR), AAZLIN)S ¥3H313th VAP,
VSL, STR, LIN® AA &8s vepa, v VCL, ALH$ BCF+= AA €4
& YERAT

Table 1. Parameters settings used with computer assisted sperm analysis

system

System  Parameter Value
Image sampling frequency(frame/s) 25
Duration of image capture(s) 1
Minimum motile speed( um/s) VSL, 10
Maximum motile speed( um/s) VSL, 250
Maximum countable number (sperm) 400
Maximum countable frame 10

*VSL :Straight-line velocity

Testosterones = =3

AFo 28 dAS AHst] g8 F 577 3000 rpme=z S AR
gssitt. +Eld g3 derRTd ATl testosteronedEE=E FAHSAT
Testosterone 5°] &7} F-Z@  tubeo] AlF9 FU Pl FAP
testosterones A AHHS A FHTHRIA). ¥Hg A7l 3 A2 & F3 nZ23d %4

AHE #Y ¥ gamma counter® =43} T

FAAEY L 7heet 353 2 Aol s = ANOVAE 9]
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jin}
)

R AT FaFAe) w3t

DEHP¢} vitamin E, catechin®] Fo7} H=9] AT 51 AAaFA vA= 2
e v AU 0 a2 A F AT A4 FAE 7 399.6+21.4
g, 1.3£0.25 g2 1 (438.2+47.7 g, 1.6+0.19 g°l H|g}o] A W+ F
= YWEHAT Aol gk A4 FAY WMEES O oA 0.34%= 1
(0.36%)° Hlglo] FAACZ FostA w2 s HErATH(p<0.0D).

Vitamin E¢} cateching DEHP®} @ H+= HE&Fost I «, IV <3 V
o A3 F AT 1 w3 719 v FFo2 UeHon, A4y FAE I
T He FEoR e TtHTable 2).

Table 2. Changes of body and testicular weight in groups

) - . Testis/body
Treatment Body weight (g)  Testicular weight(g) .
weight(%)
Group 1 438.2+47.7 1.6+0.19 0.36
Group I 399.6x21.4 1S3 1025 0.34°
Group I 406.7£24.9 1.5£0.23 0.37
Group IV 420.2+30.0 1.6+0.15 0.38
Group V 425.4%+46.3 1.6£0.12 0.37

The Values represent meanxS.D.

x: p<0.01 significantly different from the group I

Group I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group II ; administration of DEHP 2 g/kg and vitamin E 500 IU/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.

Relative weight of testis ; testis weight/body weight x 100.



RazAe A

4% AxxA0 )7 DEHP®} vitami E, cateching FoJdh HAhx2(1
m <, IV v, V 7594 apoptotic body7} 229 AA = AAMEHAL 1 F
ol A= apoptosis7t @AEA Bol UEd AS = 4 dow £ATH W
2 Aol 9FE L HREAM X} sertolidE7F AAEHA He AS & 5 AN
. I+, IV o, V oA += DEHPE Fogt O 9 H|3}] apoptotic body
7F Ao st FAN A AAg o] o] Foy A AA|He] 9=

= O ol wlieiA AA vebstt (Fig. 1)



Figure 1. Histological changes of serhiniferous tubules stained with
TUNEL(<400).

Group [I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group I ; administration of DEHP 2 g/kg and vitamin E 500 [U/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V,; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.



Apoptosis indexd A

DEHP$%} vitamin E, catechin® o7} apoptosisol] " X&= ZAyb= F 39
A HeE vkt Aok T 9 apoptotic indexs= 101.8+6.5% [ 2] apoptotic
index 47.2+11.4¢°] wste] FAHoR  FosiAl =S e HEHAY
(p<0.05), I +*, IV +, V 9 apoptotic index= Z}Z} 56.8+7.8, 77.2+17.6,
64.8422.8% 1 w3} W3k o= e

Table 3. Assessment of apoptotic germ cells in groups

Type Apoptotic index (mean®SD)
Group I 47.2+11.4°
Group TI 101.8+6.5"
Group I 56.8+7.8%
Group IV 77.2+£17.6°
Group V 64.8+22.8%

ab: p<0.05 significantly different from the group I

Group I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group III ; administration of DEHP 2 g/kg and vitamin E 500 1U/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V,; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.



AR ¥E L AEE

DEHP¢} vitamin E, catechin®] Foi7F AA1e s 2 A& nx&= Ay}
4o B upel Zoh T 9 AAFEE 67.8£31.5x10%/w= 1 ¢ A
of Hlgte] FAAHCE frofsiAl w2 ghs YERATHP<0.05), M <,
Voo ARsEE 247 179.0475.6x10%w, 132.4+26.5x10°%/ 1,
140.6+38.5%10%/ub 2 23} W23 oz Vel "3k Aol 71A 3
5HE A4S Btk 28y SR 1k zbel= YERA] okt

O o9 AR BEEL 72.619.1%% 1 79 AR HESL(95.7+12.3%)°] ¥}
of BAHCE fFoshA e e HERNATHP<0.00D). BAAEE JA] oF

|y
=
Fol o kel A= Aol gl 1 ol Hlsid = v FEol ey

2
of
H

=

T

i)

Table 4. Changes of sperm concentration and viability in groups

Treatment Sperm conc. (X10%u0) Viability(%)
Group I 209.4+77.0° 95.7+12.3
Group I 67.8+£31.5" 72.6+9.1°
Group III 179.0+75.6% 84.9+8.7
Group IV 132.4426.5% 94.2+49.2
Group V 140.6+38.5% 90.949.2

abc: p<0.05 significantly different from the group I

*. p<0.001 significantly different from the group I

Group I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group II ; administration of DEHP 2 g/kg and vitamin E 500 IU/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V., administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.
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DEHP¢} vitamint E, catechin®] Fo7} A=l 718 &0l nx= Az

oA B vbe} ok I w9 A4 AAES 67.5+211.2%= 1 v-(75.8£10.4%)
of Hgte] BAIHoR FotAl W @S EMATHP<0.05). oFEA 2 7He
A AAES 1 7 vk 702 YEy

AAke] ZF BEE )Y ES AvEE, TR 7EES 11T v VoA T

w3 IV el Hste] FAH R FoaA Fe ghs WERATHP<0.05). F

Qe F L= 1 o]l T2 ol HlEte] vhe LS noon, Ay

T % I °] DEHPIRF =FA . HRoll A
]

o Agge TP ALY V T

~Y
=i
E¥
e
< B
Hh
rlo
N
ol
fifo
ftlo
f
3%
i)

Table 5. Changes of sperm morphology in groups

Treatment Normal(%) Head(%) Midpiece(%) Tail(%)
Group 1 75.8410.4° B A% 14.441.3° 76.9%15.6
Group II 67.5+11.2° 13.8+4.1° 37.1+6.4° 49.1+6.5"
Group I 73.1+4.5° 8.4+2.6 42.5+10.8°  49.1+£11.7°
Group IV 72.9£7.9% 9.4+4.7° 23.4+2.4¢ 67.3£16.5°
Group V 72.0£7° 12.1+1.2% 21.3+2.7¢ 66.6+12.7*

Values with different superscripts are significantly differ from the column,

P<0.05

Group I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group I ; administration of DEHP 2 g/kg and vitamin E 500 IU/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.
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e o 2otk Az 28 O oA 7 WA vEg e e
Aol GEFHTH(P<0.05). CASA A FolM+= 2z} + kel A8
o2 AL, ALHOAWE T oA fFreldoz v YeERRTH(P<0.05).
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Table 6. Comparison of the sperm motility and kinematic characteristics

Treatment Motility(%) VAP(m/s)  VSL(u/s) VCL(m/s)  ALH(um) BCH(Hz) STR(%) LIN(%)
Group 1 69.5+6.2" 44,0£22.5 40.3+25.3 131.6+£69 2.8+1.0 7.6x1.0 90.2+14.1 49.1+£33.2
Group I 47.747.9° 25.9£8.9 22.0£9.9 91.9+60 1.9+0.7° 6.7+£2.2 74.7£19.4  36.8+23.5

Group I 60.0£4.1° 34.7£7.6  31.1£20.1 106.7+£63.8 2.3£09 7.4+1.0 88.7+15.4 46.1+31.4
Group IV 62.6+3.3° 39.7£15  33.4115.5 116.0£71 3.0£0.6 7.3+0.8 88.3+16.8 48.2+32.3

Group V 59.1£7.0° 36.7£16.4 32.5+19.4 106.0£46.9 2.4+0.6 7.5£1.0 89.4%13.6 47.7£32.9

Data are expressed as means * SD

abcyalues with different superscripts are significantly differ(P<0.01).

* values with different superscripts are significantly differ(P<0.05).

Group I; no administration,

Group I ; administration of DEHP 2 g/kg,

Group I ; administration of DEHP 2 g/kg and vitamin E 500 IU/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and catechin 200
mg/kg.

VAP, average path velocity; VSL, straight line velocity; VCL, curvilinear velocity;
ALH, amplitude of lateral head displacement; BCF, beat cross frequency; STR,
straightness; LIN, linearity
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d3Z testosterone?] ¥3}

DEHP$} vitamin E, catechin®] F¢7} % testosterone %ol v x= W
st= ¥ 79 YERIY. 7 7 85 testosteroned] %+ ZH2; 2.8+1.45

ng/ml, 2.843.30 ng/ml, 2.6%£2.48 ng/ml, 1.1+0.72 ng/ml, 2.5+1.78 ng/ml=

B FoaolM dizaa wlaste] o Apol= dEE A ettt

Table 7. Comparison of testosterone in groups

Treatment Testosterone(ng/ml)
Group | 2.8+1.45
Group I 2.8+£3.30
Group I 2.6£2.48
Group IV 1.1+0.72
Group V 2peF 7 &

Group I; no administration,

Group II ; administration of DEHP 2 g/kg,

Group I ; administration of DEHP 2 g/kg and vitamin E 500 [U/kg,

Group IV ; administration of DEHP 2 g/kg and catechin 200 mg/kg,

Group V; administration of DEHP 2 g/kg, vitamin E 500 IU/kg and
catechin 200 mg/kg.

_13_



DEHP= @A WAl Fef=d=z &R/ vk 22y A4 ow o~
ExA fFAHNES Sde 7 obF ItH(12). DEHPO| AAEA o) ¢
A7IR 0] BEEH7)E sHAINE Al AFelE Folele dAT7F ARy
Oishi(16)= DEHPE Foldh FolA Aot I3 Wl HEEXHEo] 3
Baugeh gy HaE2HEo Y YA A5 2R Fold oA e
o 95 dWEA okt T DEHP o] A] FHollA dejzxjom ofedo]
Ho] vetor) ofdef Fofo i G4 952 UHA FUTar B
LB THT).

DEHPl| 93] f2H AP Gols A 522 vitamin Bi29] Fofol 93l 4
WE T Haskth(15). wekA o] @A DEHPe| 93 vitaminZY 7hs
AL AT Vitamin A9k Bip9F #Zo] vitamin EAY 9Al AREA ol
Al et E R AR A el 44 g4 o|th(5). E3F catechine FAb
o] Fo AEow ikt gt gdste] frE A7) AlAe] adtH o, 59

A~ S|

oA FasiAlE a7t duba HaE vk gith(18,32). FE4<

o
o 32
N VR e}

—

rr

catechine AMX>Aoqk = wbH X842l vitamin E+= HEE9 Alxde &

AREHO,28). AAE $84Y W AA/E AAGRE, FAE ALS Ade]

, =

G B4 st st Aol 2 Aol AREsHAl H Ao

2 A= DEHPFA o] tzxato] vlste] AF Fio FAZ i
S #s UEhdiddoy $AA el e ey AlFel uie A
o] H&2 txol Hgte] FodUA w2 @S WEWlAY. Vitamin E 3
catechin'Folroll = AT 2 Aie FA 2gar Aol g ZaFAL A
o] xvd v gk o R YERd A e® Hol vitamin E€F cateching] F
ofoll ela] oy Aom AzhE

A AN AZAEL AEAFES] apoptosisi= DEHPO A=& HEe I 9

A e dzis Aeliel wel @4l Wk o)t apoptosis7h AZule)

=

M
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(7)) Ayl AA|5FATE o]i= vitamin E9} catechin®] A A# Sertoli cell?}
BAAI =] apoptosisE HAAZIAY AAA 7= Aoz AzE.

DEHP®] Fojir2 txrol nlste]l Gxte] =7t oA IA A e Ao
2 YetwteH, vitamin E€F catechin Fowtoll A= tixza 3} v 3 o2
Uehd Ao 2 Hol DEHPZF AAe] &5 74279 olgd dAS vitamin
E¢} catechin®] Folo 93] dW=He= Aoz AZEM catechin @559
vitamin E¢} catechin®] ®-&5F¢ HU% vitamin E @5 F497F  air}

= Ao oy AR AEE R 7|F &M DEHP Fo7F Ao AE&S

Pk

¥9,

A2 ARee 248 % 4 AR oH® @A vitamin E9
catechin®] Folo] oja & FAow AL gk AL & F AU

=
CASAE ol&3te] A £4& & 2 A4 L8423 Yo M =2

= doem(24), 3~Eo a-chlorohydring 447 &3S dg o] T3
T%
Alpha-chlorohydrin =% ALFAHsHd dFE T vdHd &5 &4

A dvEtlar Fargkyt JasAdel HEw skt o8] Thsdkdt
(20,21,30). B]= CASA A7} "7k vto] empA A vE 242} tf& CASA 3] ¢
A4 TEs ARESHY] wiigel] B ATl 1 AEE HE AR A4 v
a7 ol @ity aYue Aok 44 xEdtel At e = AAn
(8).

T FR3 T 22l testosterones T=E 19 Leydig cellsol A

AdAT, &8 3T 219, 3549, 56949l Leydig cells® progenitor,
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immature, adult Leydig cells®] 39@AIE A F3}3stt}.(2) Leydig cellse] 2
G5 M A testosterone A THE FAAHor F71eHA @tk WA oA Hh)
Y+ LHE Leydig cell®] 7]5& 243 T3 T 2Fo|H}, testosterone? A
dol AAlHE 7] A5 o] At
Ao A= DEHPS} vitamin E, catechin®] o A] E%F testosterone?]
s dEatd vlaste] {Fod s zbol7F A E A &t Parks 5(19)9
AFAzel 2™, "Holr] 144538 E4 F 39 7124 DEHP 750 mg/kg/day
of =EAIZl FFA HEeA EHolr17Y, 18¢Y, 20¥ 1¥la A F 24A 9
testosterone s %= TLE o
A et dadtes Ao yesal, 53] Hopr] 20€74 Mg dAAE 7
E Btk 133 A|d YR F2 9] testosterone?] FE+ EHolr] 17¢
I 18Y A o HAE UEtHAA R Hlotr] 20€ Aol A = dixatel H] st
o Fo3k Zpo]E YERHA] &Skt o] gk AR W Fo] Kol DEHP+ Leydig
cell& &£AAI7 %Z7]0) testosteroned =9 ZAZS oF7|3lar, AJ7to] A3y
testosterone?] FE7} Z7lsl= AL B o=, olgldk dAE Leydig cell
&g A3 BA7IHe R A9 ZAAA Y ZH=zoES=E ALY STt
71918 Zlolgta AZEATh(1). T £ AFo A DEHP % vitamin E 2181

catechin® Fo7]7F 28 FEo WS dzelr|o &= vl¢ & 7]7to]

-

il
o,

L 1 =
ESR

=243 AT} testicular testosterone]

4
b4

st A3o] dad Aotk
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