Korean | Toxicol.
Vol. 7, No. 1, pp. 83-92, 1991

E97 2B - )P

gl

A goishi 4w}

STUDIES ON TESTIS TOXICITY USING THE
DNA LABELING METHOD BY BrdU AND
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ABSTRACT: Complexities of testis structure and function
are emphasized in morphometrical and genotoxic evaluation
by statistical analysis. F-344 rats were treated with azinphos
methyl, cyclophosphomide, and dichlorvos. And Brdu was
injected with intraperitonially before sacrifice. The existence
and degree of DNA damage were measured by Brdu labeling
index which represented relative amount of Brdu incor-
porated in DNA, morphometric change was evaluated by the
relative length of tubular diameter in circular seminiferous
tubules and the number of spermatogonia per Sertoli cell in
stage IX seminiferous tubules. The results obtained were as
follows. First, Brdu labeling index of tubular sections was
decreased in cyclophosphomide treated group (83.98%) but
were no change in dichlorvos and azinphos methy! treated
group (94.36%, 98.43%, respectively). Secondly, tubular
diameter was significantly decreased in dichlorvos treated
group (p<0.01), but there was no change in the number of
spermatogonia per Sertoli cell in stage [X seminiferous
tubules. Thirdly, there was no significant change in body
weight, absolute and relative weight of testis, accessary sex
gland, and adrenal gland. Therefore, quantitative expression
of the testicular morphometry and spermatogonial immuno-
cytochemistry by Brdu will give additional information about
the effects of chemicals on testis.

Key words: testis toxicity, Brdu (5-Bromo-2'-deoxyuridine),
morphometry, DSI (DNA Synthesis Inhibition) test
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FA=AgY sddolo)] e |32 DNA 44e] (DNA Synthesis Inhibition DS A&,
Unscheduled DNA Synthesis (UDS), DNA 2t} (DNA breaks) ¢] -4, H2FM L A 2 M| X o] A2 14
2ol Al w3 (Sister Chromatid Exchange SCE) 53 22 7] Algiiyle] 7futsle] A=A &2
H7bel o] &% 11 lth o] DSI Al 82 A 1M i o] DNAE 3H-thymidine 2 2 £ #]sle] DNA &40 23 A
3H-thymidineo] DNAZ %< (incorpordtlon) 5]+ 712 autoradiographyt} Scintillation counting %%
o] & FHshz loluk

T131d Gratzner ‘52 3H-thymidine ™ %l Brdu (5-Bromo-2'-deoxyuridine) €| monoclonal antibody 2
A AFsEed 9591 DNAoY £0]7 BrduZ 9 8h3 by o 7 A id3t9l ok Brdu®] monoclonal antibody &5
3H-thymidinex} %38 7|0 &2 DNAE 7AM8k: A A4 o] g8 4= 917 =it} o] e 3H-
thymidine 2.t} &t Al7H YoflA] ARE 98 5 943 ¥ op]e} Hel =AMz H71er 4= 97 #u)
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A EEFZH cyclophosphomide, azinphos methyl % dichlorvosZ AH&-3lt}h. Cyclophosphomidet
alkylaling agent2 Wo]914 (Hales, 1982), ¥<+4 (Schmah® Hab, 1979), 7]‘%%*2 (Halec, 1981)
a7 433 Aok Dichlorvos (2,2-Dichlorvinyl dimethyl phosphate) ¥ §7191 4] ‘soko @ el m o A
A4 o) MEy 1 90 (Krause$t Homola, 1972). Azinphos methyl (0,0—Dl—methyl-S-S(4-
0x0-1,2,3-benzotrazin-3(4H)) methyl ester; phosphorodithionic acid o,0-dimethyl ester, S-ester with
3-mercaptomethyl 1,2,3-benzo-triazine-4(3H)-one)2- #7191 Foko|t}.

Cyclophosphomidet= DNA®) %3S Fy= B AHE §HEAo] 2 4z oz Brdu IS
AHESEE wet Blaldte] Brdu A 84 oRE Polr7) fate AlEEAR A9 sk,
Dichlorvosw A tigt =48 7]=o] cyclophosphomide} W53t B v} Qo)A (Krause %, 1976)
AFEER A9 sk 22]al azinphos methyle dichlorvosst 22 F71¢lAlel= 38 4 7tsto
ANFEEAZ A skg),
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VI AU S 2 st ol yalo 4 B9 1seielel ded Estan. 4B

FAA Zh et dibE e 3RS ?}%‘i’iﬁ} ol& 7zt /WA ol thated 2% 7 4% Bouin's &2 o]
ﬂxé?"f}i’ L}UW 5 Yove xaddd nAstrh 2ejan WA 7ol Brduo] WMo
AH&-8H

Cyclophosphomide+ A5 kg% 40 mgs SH5l = 13 F 75 319 2™ azinphos methyl&



50 ppme FEE HEBALZ o Esla 457 F9351Y T Dichlorvost 1% Olive oilel] 43¢ 40 mg/kg
f2o a2 13 Eoslgon 27 Olive oil?t ¥ 35tk

Brduoi| 2|8t DNAS| EX|

1) Brdue] 5o

Zhiol| A 7ot ol disle] Brduol 23t ¥4 A€ stk § BrduZE FfF5ol &8st =4
1A]72F Aol A F kg 40 mgo] Fes H7H FA st oh
2) ABCHoll 9§ w1 =% 73t

ABC (Avidine Biotine Complex) ¥-& ©]&-3te] d4&9ch. DNAE ©45letr] $8ke] AN ¢abel
37Col A 20571 M 8bar (Sugihara 5, 1986) boric acid borate buffer2 F3tA1Zich 18] FA44 S
283} A)717) 8l 0.04% actinase & 37CeA 3E3F 2] 8%t} Biotin labeled horse anti-mouse
1mmunogloblm IgG (22} &A)) 2} avidine-biotine peroxidase complex< vectastain ABC Elite kit, PK
4002 (Vector Laboratories Inc., Burlingame, USA) & AF&3}th Moisture chambertjoll 4 5% 4
horse serum®l] 2057+ 2], monoclonal mouse anti Brdu (Becton Dickinson, Mountain View, Calif.)
(1:50), biotin labeled horse anti mouse IgG, avidine biotin peroxidase (ABC) *a]3#& A,
hydrogen peroxidase 0.02%7} %7+ 0.1% diamino benzidine (DAB)<) incubation AlA & ¥H-2-&
Ao 7l % hematoxylin® 2 3]-& ¢d-ste] F3 dnjor FEad)

A, AR, AP, RS diste] £AE A gt J Fel o g

& AAEIE Y 10% T4 T 14 & Stk Brdug FH3 F52 J4e
10%%‘—/‘3 EEE}QOH 1A% kg (Suglhara = 1986). A A+ Bouin's ®Nol] LA A ZCE 22 1087
T b of] zztow obA AU YA 8A1ZF F<t Bouin's §Hof 113 stk
ojo] &4 S 60% Oﬂ EHgA] K-E] 95% ]b}iﬂ} z] yrE-sle] @A g4 AlZch B8 222 paraffinel
EoE 3 5um FAe) BHE WEAUTE B4 Hematoxylin-Eosin 9413} PAS 9448 8191, i«
%22 Hematoxylin-Eosin g 41 qt 3} vh

Brdu ¥X| x|+ £H

AR ¥F A, Clermont 2 Leblond (1953) 2] 14571 Az} b8 el whet X 719 Agvnts
) A A MES ZXEH Az AR v &S ANEtgrt 1elal of EA &% &gl W3k us 2
FEA B

ME2 S =
D Adae] A%

200 wjo] oA o ZA 28 8BS Fet ¥o)3 (Nikon, Ophtophot) ol ¥-2H8 z}2 Al A4 o]
A71E Ak

0!

2) Sertoli MEF YEM L9 F
400 ®j o] Fatdn| Ao 2 [XF719] AP WS =} Sertoli ME} H2MEE Hof Sertoli M X o gt
v &g ALbsdch

6. Xt22| SHIH2

Student’s t-testZ o] &-3td A A=A

2 g z7e AR 9} v, BAstg) 5% (P<0.05), 1% (P<0.
01) 2 0.1% (P<0.001)9) FFAM F249& 3H

S
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Cyclophosphomide FoJofj A Fal 3. 2.5 A}o) ] Ao Aelzt ik ARA Bgovt 1% 27
¥ ztolglo] FE HUrt Dichlorvos ol o A= AF 289 Fio] TaAEon vt Yok
EHlEo] Fof 2% B2 =0, Bolsk PES E'_%‘\Slur & 3% 5%t} Azinphos methyl Fo o A=
A AF7IEET HUE o] iol s R gksktl

EE FoZOAM dzTd vz sdsd AlE AdFFeds #9994 de dHah eoh
Cyclophosphomide Foi oM< & A& 7IZHESE vz vjmsted §24 sle AF59 A3t
YehtAl gstth Dichlorvos Bowoiie FAF A F0] 287 gisigoy 7¢ —??—01]{ o =2a 8
Zpol Qlo] 3% Ut Azinphos methyl FoF M HAE 717H5 e 273} vlusted {4 e
AZe] Wsy JehtA gk

K FH 4 9 )] Hu, MHE™

Cyclophosphomide %‘0:1%1 1 ofjofj A Azt At &5 Ao e 4] € 229 o2
ThHats l @k o ejoll W Foftell Atz y) ¢ Elol #E = ookt A
Fol B 1o A S E Aol i Fol F el dizael vis) §94 9l Abo) 7} VERA)
adees (Table 1,2). Dichlorvos th 2ol A ¥4le] 7|7k o7k A1 VE} o (24.7342397), A H
Fo)de ik (Table 1).

Table 1. Absolute organ weights of rats treated with various chemicals

Final Testis Adrenal Seminal Epidi- Prostate
Groups BW gland gland dymis gland
(@ (9) (mg) (g) (g {a)
Cyclo. Treated 2054 1.276 21.02 0.338 0.581 0.179
17.9° 073 578 0.068 072 035
Cyclo. Control 200.5 1.890 18.16 0.355 0.569 0.205
8.1 2.335 981 .057 088 .030
DDVP Treated 209.0 1.155 17.60 0.318 0.542 0.218
163 360 3.15 0.106 .057 129
DDVP Control 208.8 1.194 2473 0.309 0574 0.210
114 316 2397 .085 047 0.032
Azin Treated 260.8 1.303 3358 0523 0.629 0.318
220 321 12.20 .085 .092 .067
Azin Control 251.6 1.350 33.67 0546 0.669 0.350
119 064 1049 158 075 .050

® Mean, * Standard deviation

Brduoif 2|8t DNA2| HEX]

Cyclophosphomide Fatoll Al thxeto vls) e EASS Vel (57.20+4.32, 48.04+8.77)
(Table 3). = o]7& dizwe Ud WEgz el 2w 8398%= 7l uelkdct (Table 3).
Dichlorvos®} azinphos methyl ool 3= 23l vls] &4 9l =ol7} §1v} (Table 3).



Table 2. Relative organ weights of rats treated with various chemicals

Final Testis Adrenal Seminal Epidi- Prostate

Groups BW gland gland dymis gland

(g (%) (mg%) (%) (g%) (%)

Cyclo. Treated 2054 0.624 24.19 1.883 1959 1.834
17.9* 047 19.73 2409 2350 2446

Cyclo. Control 2005 0.927 26.67 2927 2973 2.895
8.1 1.094 2148 2478 2423 2516

DDVP Treated 209.0 0.550 2287 1.849 1920 1.819
16.3 .169 20.21 2370 2316 2.3%4

DDVP Control 208.8 0.575 2459 1.823 1.907 1.792
114 152 19.83 2.335 2272 2.358

Azin Treated 2608 0.501 12.77 0.202 0.241 0.122
220 119 4.37 .035 031 024

Azin Control 251.6 0.537 13.38 0.216 0.266 0.139
119 .017 402 056 .030 022

@ Mean, ® Standard deviation

Table 3. Effects of various chemicals on the labeling of Brdu in Stage IX
seminiferous tubules in rats treated with various chemicals

Labeling Inde!
Chemicals % of Controls
Control rats Treated rats (%)
Mean+S.D. Mean*S.D.
Cyclophosphomide 57.20+4.32 48.04+8.77 83.98
Dichlorvos 56.30+4 40 53.13x7.62 94.36
Azinphosmethyl 5812+3.38 60.21+4 55 103.59

D Total spermatogonia/labled spermatogoniax 100

ga|x=7 A Y MiEEe 37)

#A3E) 7] ¢ktch. Dichlorvos Fo|FollAE A o)
p<0.01) (Table 4). Cyclophosphomide ¥ azinphos

A NPT A 23} v alste] F51g Hwio]
(
o4 gl WshE el ottt (Table 4).

i
27174 dzel s A3 A 4 HAdo
methyl FoFM e HzaT vlustdsd &

Table 4. Diameters of the seminiferous tubules in rats treated with various

chemicals?
Chemical Control rats Treated rats
ermicass Mean*xS.D. (um) Mean*=S8.D. (um)
Cyclophosphomide 289.25+25.60 268.35+25.20
Dichlorvos 278.25+21.08 260.70+23.64**
Azinphosmethyl 278.60+27.72 288.50+31.28
Values marked with asterisk differ significantly from the control: **, 0.
001<p<0.01.

Y OQuter marginal diameters in circular tubules
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Sertoli MEZ X M|ZEL| 5=

Zt FodgollA 2 {94 A Atel7t vERA]l 2tth (Table 5). Sertoli Al E2] =9} A2 M X2
2] Wol7}t vl AstA YeEbstth

Table 5. Mean (+S.D.) number of spermatogonia per sertoli cells in stage
IX seminiferous tubular cross sections in rats treated with various
chemicals

Chemical Control rats Treated rats
cas Mean+S.D. Mean+S.D.
Cyclophosphomide 432+321 4444220
Dichlorvos 501+4.01 490+3.93
Azinphosmethyl 424+322 490+4.30
L

2 Age g4 HAEA Hrie dtoz i ovk ST WHaPsie Weldd sHes §H
=48 Hrlete e AdkgTh AlgAAI e Aoy Hrte] FEdS o7l B Ao A e
FH 54 55 yelsty e HES 34 Gopi izt stfuk WrhH o2 DSI Al 88 F&l DNA
Aol dart dojuls Ao g {ASALS Hrietaal o™ 3H-thymidine® 2 DNAE X%
=R Brdug A 3t Htch

Aos $HAA B4 AAA 1R e 5444 ez AN A4 2 4409 Fesie
ZA3t}, o|x= AL S Wiyl F 7] wEo) (Blazak's, 1985), AAaEAe 27] AZ7 € & 9IS
B ol gl 4o (FHEtT FEo] Aol v Al FA o] 7hFdlthE A o] 9tk Foote 5 (1986)
= 3

qro} gae] 54 gabol 3% Wtz vehitid o oo 4L W gl sAth FuML
£A5H Aol Ag Arke A4 us Feh ARV 47 2YY Aolnk. BB JFoz
44 H2m FAHE A% (magnitude)7h HE stehule Woke HeAetE Pa PAMSA
FAEA IR JPo] 4E B & ok FooteF (1986)& DBCPE AH88 H4 54 AHoNE B4

YA E B &S FHsted] 2 AHAME fold deE A7 YEA] Ssttk. DBCPE Fo %
Al most advanced cell Fehe] FHoNME 0wt Wats: yehA] ¢dted 1 olfE &
AZZE Y] o] o2 7] ol gt Stk TLelal o] o] fr& o] W FHH A eperal st
(Foote %, 1986). “12]1} cyclophosphomide®} vinblasting 33l T3t Al e FRAHEY
a7 AR (Auroux 5, 1986). ook AIX FEiS4 o] FabRAol A 540 4ol A
T8 Aoz Az Ha ok 3 o' § Fr|vko] opd RE FUIE 7 FUMERE o7t FE9
NEE ST 549 713E weled ofudss A9E F2o8 A e o)l FeiEy
e Al o] golEE doju g Setn|E & St Mol ekl A8 7S arste] S sk
H

ol 9153 At} (Zenick® Clegg, 1988).

£ AgdHe) Fo5H AT AF Wiyt AAA detdA] gsten Fae dd
A %ol F24 e A7F dehgx) ke =g (Table 1, 2), A53 FaTA) G388 v]E Fro
54 zgo] it Hrbdrt

zW sty HAA PAS 447 H. & E. A4 23 BE T @A we] LA €A
okov 2 (Fig 1,2) Rt o wigh 34 o] Ao 2 Fe3 S mddtach 4 vja s 3o
Bold IX 719 Agde A9t A HFE YA S A7 dichlorvos FHT oM A&
2739 o4 e Aol7h vEbsth (p<0.01). o] A2 LubAQl Z2F AL M A 2] okt opE o



Fig. 1. Section of tubules from a controls of dichlorvos dosing group. X200 HE.

Fig. 2. Section of tubules from a single treatment with dichlorvos (40 mg/kg). Showing no distinct
change in comparison with control group but statistical results reveals decreased tubular size. X200
H.E.

Fig. 3. Immunohistochemical demonstration of Brdu in spermatogonial DNA from a controls of
cyclophosphomide dosing group. Arrows indicate labled spermatogonia. X200 ABC staining.
Fig. 4. Immunohistochemical demonstration of Brdu in spermatogonial DNA from a single
treatment with cyclophosphomide (40 mg/kg). Labled spermatogonia were decreased. X200 ABC
staining.
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ko] HEEA o2 AT} Krause (1974) = dichlorvos®] T3 A& o] 43 ¥Ho] Yehte
g #F 3lYch B AP E Krause?] Rao]x9} 22 43 B #geA ggten A%ue
274l AFHAT #F HArh

th3 . & Sertoli M| EF HAZ A X5 v && ZAH3IATE BE FATA 24 e 2

U= A7t vrEREA]
gkobt} (Table 5). B HAX7F 24 e AL AR Eo] 7 vh5o] 2|&] #8t7] wiole} Aztdrh

Friedman} Staub (1976) = WelE A9 A4 o] DSI Ao 2 =A% Ay 7hd3ta a72 <1 i vive
ZA olgbal atgh o] ol whE W F4 DSI Al 4 Edo) ] YA v veEblla AR
W sgel SRS =4S Jehle 24 s DNA g4 0ale JehlA eghoha ok 1% Seiler
2 (1977) ¢ 913 o] wale] AE7} o] Fo]F o™ Painter (1977)= DNA $A4 9] Wl Y7} 38t&2 o]
FRAEALGE A 253 Y-S BT

2 2833 Brdu® X" AR EL H]Eol A cyclophosphomide FoFoliAgt EA)&2] 7h47}
veldon (57.20+4.32, 48.04+8.77), W 4] dichlorvos @ azinphos methyl Folwtoll A& £ o7}t
el A eEskel (Table 3, Fig. 34).

Lambert (1979) £ cyclophosphomide & $43-% F4 2 £ ¥ 3H-thymidines %3 A7 cyclo-
phosphomide ¥alFo4] ©¢]¥ 3H-thymidineo] WA FFHActi stch x3F 7 &% GAE=R
2x38 A7 Bof £2kv §2)87b) v)d BA 7 et o 818 A% cyclophospomide Fof 14 %o
A e BALL BT 39 I 3Rty ok 28t hydroxyurea & thAFA S 2G4
(metabolic inhibitor) & £ 3}4S wWeoll= 3H-thymidine 2 9 & W7} glch Lambert 5&
cyclophosphomide= DNAE 213} Al# 3H-thymidine] =& A3 AIAE Holeka 5 st
B A M= thymidine th4 Brdug AM&3le] EXAREY o)} B3 A7} ettt

Dichlorvost® §-719VA A=A ol A #oldAdo) g A7k Bo] o gt} (Ashwood-Smith 5,
1972; Vooged =, 1972). Krause (1976)%= dichlorvos 7} cyclophosphomideot Hl$=§F 2H8-7]d o8
AR a Ao dee 2oa g 2y wAE AACdME dHIE FF Eawelidol
srols|d ot XGF AN E AN wE AR Q&) o)) #go] glrhs Bk AT Wild, 1975).
Nicholas (1978) ¢} Dean (1972)-& dichlorvos®] 2 %4-& #H<l3}#) 23813 %7+ Tezuka (1980)+ SCE
NFoR §ARAHL B FHA o]y o] fE A|gAY WA zto] wiE-olet shrh

B A8 9] dichlorvos ol Al Brdu EA1&2 FA4 e 2ozt gidoh o] 7 9o 53
2AxE AW (n vivo) 23017 Wil dichlorvosol] 93t A2 f7 5ol vehtAl 2 Zlom
4 7relel Azinphos methyl= dichlorvose} Hl£:8F F-71¢lalz EA&o o]zl gle FHo=Z Hol
HNEFHA B vehtr] g Aoz A7tk
2 2¥ 9ol Brdug o83 oe] o7} Urk GExte] o Fothy fof AF s S8 ot
] o0 (Riccardi £, 1988), flow cytometryoll ] Enzyme-Linked Immunoabsorbent assay (ELISA) &l
283 9 (Cheitlin 5, 1988) G-o] Bux) il gith o]9jo] Karube®} Watanabe (1988)+ G-banding
17} of AhA] AFe] Brdu sjElo] Ux|gHe Hof Al Mol whE DNA FHA7]9] ¥olE AMshet
G831 A28 5 982 Bl % 5t9ck Brdu® o] &3 do g ey o] 8814 82 7 Ue
I Shtel Bokiz MEEAe] ajloltth AlE AYA BHL EAMIEY HAH phzbo] wig- AT A
Ztholt), 9)e] el ol A &8} Pepsinogen 1 (Pgl) WHo)#E4 (PAPG) 2] AIXFEE Brdu ¥
Pgle] Mz 23}8t o] 2 M o 2 3| A5 o (3774, 1987) ¢ A= o] gt e f Ay o Ed ke 71 A
2 H)7}ed A Hubds] Z246E2o] Brdu g A4 A8t BAME] EXolg ARR S & Halvt
21t} (Tatematsu, 1987). ©] X% in vitro A BolA thepdtd 288 R so] Ak

o] A}ol| A AbH B ule} Zro] Brduo] 43 DNA ¥ A8 o] DSI Al g-& A, o] tidsivte=
A, 24, in vivo 7FENA B AP F 5 vt FAR, B2 E #Fo] Thesithe
e Aoz Mzt & & vk 2B E Brdug o] &% DSI Alge t& dej7kA] f454 A3y
37 slstEdo] gAEA ou A Ao A AA] B ol F83 Wolgha AeER, o] 9o
BrduZ o] &3 A EZFE] #ae DSI Alguegt oy} o8] FoollA dekstAl 38 2 5 A& He=
7,

o 9

£ o
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