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''.th· dcmon~trateJ that mink (Mustela vison) arc among the rnost ~cnc;,i
'··L' ~pecics lo polychiorinatco brphenyls (PCBs). LCSO v~!lues for mink 
r,·d .\roclors 1242 dnd 1254 (PCB trdde names; formerly m.mufactured 

l'c.bli,tled with til<< Jpprov.!l of the MiLhi);Jn Agricu:tural L"periment ~tat.ion d' in<11nal <~:riu" 
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by Moll~.tntu Cu., St. Luui~, Mo.) hdvc bL·cn e'>tim,ttc,J !IJ ht.· ~.(J .111d b.; pprn, le~pectively (Ringer et <tl., 198] ). rctotoxicity dl drcL . .H'y' t<lnCL'fl trJtiono, lJL·Iow 5 pprn Jnd reproductive failure dt 2 ppm have been r·c·porkcl for mink red these Aroclors (Aulerich and Ringer, 1977). ;\ccordmg to Pl<ttunow and K<~~~tad (1973) and Hormhaw ct .11. (1963), 1ep10duct1H' irnpairrnellt occurs in mink dt even lower conccntratiom when the PCBs hJve been first metabolized by another species, and then fed to mink. Mink show a wide rJnge of sensitivity to commercial preparations of PCBs, and PCB toxicity to mink has been directly related to the chlorine content ol the PCB mixture, and more specifically to the percenL1~c of molecules \Vith highly substituted hiphenyl i-.omcrs (B!eavin'> et al., 1980). Studies with other species have shown that, in JdJition to the munbe1 and location of the chlorine atoms, the rate of excretion .tnd e11/yme inducing ability of the compounds hdve Jn important hc,u ing on thc~ir toxic potency (Matthews ct al., !978). Attempts have been made to uJrrcl.t!e to\it ity with the cn;yme induction modes of PCt3 congene1~ with thr l-ntctl1ylchloanthrene- (3MC-) type inducer~ possessing greater tuxicitv til.tn the phc·nobMbital- (PB-) type inducer~ (Pol,tnd and Clovl'l·, I'J77, Yll-,IJirllllld et al., i97<J). 
Since commercial PCBs, such ,!S the ;\roclors, con-,i'>t (If .1 c<Jilipil'x mixture of vMious chlurohiphenyl congcne1s, ,t., \\ell ;~<, lligltl;. tn.\lc 'on r :milldfll.'> ~uch a; Jibtn;rJf'tlr,'n~ (liuwc•; ,_·t .tl I 'i;"; I, -., !:i. :, ":r1p,i, ,,· .· h.uard ,IS'>l'~'>llll'llt, it WdS of intcr·c..,t to 111\l')l!r~.ltc· tih' t()',:L,JciyiJ.ilil',("' uf three symmetrical pure PCB congeners, 3,4,5,3':-i'.S' IH'.\,!thiorotliphc'IIYI (345 HCB), 2,4,5,2',4',5'-hcxach\orohiphcnyl (245 HCB), and 2,3,6,2',.3',t/hcxachlorobiphenyl (236 HCB) possessing different cn;yrnc·-indtlcing .1hility in the extremely sensitive rnink. 

MATERIALS AND METHODS 
Ninety stand.1rd dark female mini-. (pruvcn breeders) wc1e r.1ndornly Jllocatcd into eight gwups and placed on dicLtr)- tre<~trncnh 011 ),triii.IIY 31. l CJSJ, a" listed in T:tble 1. 
rile trc<~ted diets were prepared by di~solving i'\1oclcJ1 12S·~ or the PCI:S con~efll'IS in corn oil .tnd mixing the solution with l1nely ground mr,lk cereJl tu form a premrx, which was then ;:ddecl i11 Jppropriate ant-Jt:nts 'o t:w other ingrr'dients ·~f thc' Jiet to yield t!oe Je~ired cuncer•J.ra!ions of PCB. 

The rnink were housed individually in cages (72.2 nn L X 61 em W X --+5.7 em H) with attached nest boxes (38.1 em LX 29.2 em W X 26.7 Wl H) suspended above the ground in an open-sided polc-tyrc building. Routine commercial mink farm procedures were followed in c<~ring for lhe animals. Feed and water were provided ad libitum. 
During March, the females were mated to untreated m.ilc~ led the 
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Basal d<ct.'1 No supplernental PCB (.:nntroll. 
Basal ,liet plu•, 2.5 ppm PCB ,\ro,lor I ~'-1. 

Basal diet plus 2.5 ppm 24'i HCKh 

Basal diet plus 5,0 ppm 245 HC8. 
Basal diet plus 2.5 ppm 236 HCKl' 

Basal diet plus 5.0 ppm 236 HCB. 

Basal diet plus 0.1 ppm 3·i5 HCB-' 

Basal diet plus 0.5 ppm 345 HCB. 

J:ldSJI diet, as fed, consisted of 20% commerical mink cereJI, 24% whole chicken, 15SS ocean :i,h 

,.;rJP, 8% beef tripe, 4% beef trimmings, 4% beef lungs, 4% beef li<er, and 21% added water. 

"Litra Scientific, Hope, R.I. 
'P.Jthtinder L.Jboratories, St. Louis, Mo. 

::asal (control) Jict. Each female was given an opportunity fur ,t "l'LOrld 
'~Jting, either the day after the first mating m 8 J later (common c()m
"Crcial mink farm practice). All matings were verified by the prc..,enu· 

rnutile spcrmato.wa in vaginal aspirations tJken immediately after· cc;pu 
tJ!l. Kits (newbor·n mink) \\ere counted and weighed to the llL'J!L'-,t 

c; :lie Jay of birth. 
'.1rrlk body weights were recorded at the >tall of the study .rn,i .11 .; .tn,i 

.•. < on treatment and at necropsy. ~ecropsics were f'JL'rflHIIlL'd on til<.: 
·::11ales that whelped, within 1-7 dafter parturition, and un all .,ur\,',lll)o~ 

",men females between April 28 (88 J) and May 12, 1983 ( 102 d) Prior 
:>; rwcropsy, blood samples were collected, via cardiac puncture, tor dL·ter
"TlillJtion of plasma 17/3-estradiol and progcster·one cuncentr:ttiom. C<;m
~;ercial radioimmunoassay procedures (estradiol, Serno L1hs Inc., Br.rrn 
···,'L', Mass.: progesterone, Micromcdic Systems Inc., Hor·sham, Pa .. \ \vL·rc 
_,,c'J in these analyses. Organ weights (br·ain, liver, kidneys, spleen, lung'>, 

· ~·t .. 1nd adrenals) were recorded, and samrles of liver and br.trn \\ere· 
c·ctcd anJ twLen for determinJtion of hep.Hic miumum,Jl rnr.\cd

. •"Ltion oxidase activity and br·ain biogcn:c amine concentrc~tion'>. The 
~,JuLtion r·e~pon~e of the PCBs was determined by .1ssessing cytochrurne 

? 1 '0 C.:Lrilu:nrratior:s (Omura and Sc~tu, 19(4) en,~ t~c ,Jctivi;:c.s of .::llino
:'\ rine (AP\ N-demcthylase (Anders an.J Mannerir;g, 1966). tcnzulc: ~ pyrr:ne 
claP) hydroxylase (Van Cantfort et al., 1977), and ethoxyresorufin (ER) 

0-Jeethylase (Burke and Mayer, 1975). The brains were dissected into five 
:~gions (cerebellll'n, medulla. hypothalamus, midbrai!l, and cerebrc~l hemi
•phercs) and assayed for noreprnephrinc (NE) and dopamine (DA) 
a~d serotonin (5-HT) by the method of Jacobowitz and RichMdson 
1978). 
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TABLE 2. lniti.;l Bodv Weights and Weigl't CJin, (or L<h>) of Female \link r c,J .± '· onrrol Diet or Diers that Contained Aroclor 1254 or Various f'Cil Congcr~crs 
----- ---

Dietary treatment 

Cont1ol 

2.5 pprn Aroclor 1254 

2.5 ppm 245 HCB 

S ppm 245 HCH 

2.5 pprn 236 HCB 

PPil123611CI:J 

0.1 ppm 345 HCIJ 

0.5 ;1,_'1n 345 H([l 

u':vit..•Jn s~~ .. g" .c;; ,; ~-~i~ent~;~...::~:). 

ln1iial 
weight (g), 

1·31·83 

927 . J<J.7ll 
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Soc·. weight gain lor loss) (g) 

8 wk 

2" 14.sb 
(20) 

2·17.9b 
(9) 

-31 ~ 24.2b,L 
(10) 

32 • 19.7h,c 

( 10) 

H '- ! 7.3/J,, 
(91 

- 7 2 : 2 ·f.) c' 

\1 o:~ 

.?-'33' 25.2./ 
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- -i57- ~ ::::.s( 
;2 i 

r~'\ieans ,,:thin the SJ ·,1e co:un'n ~>i ;, t''c ,.,,.'e >UDer>c'iutare nor >i;;n;licJn:.. 'c'rcnt ,, 'J_;·· 

~o rnort~iities. One con:roi :en'J:e J'',: u:<e :3u HCFl-treateo female \H··c no: "c,'<'>i'>'"": d'-' ru c:r:est,rrrci"rcJ ro treatn•cnt. 

,'\;eu,)p-.\ 

( 1 ~.5-J.;," \\ ~: 

59 . :!0. ~(! 
i; 9 I' 

·+ :! . ~ !; 
(:)·, 

4 2 ~ u ' 
(Sil 

32 --
!, l 0 

37 ')1 .b 

lc; 

i:! 2). 

)'_ 

~ 5 ·_I : : ~. ~' 

(5! 

~" 

I· 



,, n ,,, 
'"' 
,. ,~ J 

' •r 

c::: 
,j ••. ~1 

;., 
u 

' 

.J 

c: 
(d 

>_C 

:.; 
cU 

0 

"(J 

~ 
·~ 

"' 
C" 
,J 

·~ 
" 

1") 

---

i '-' 

~~ c 

~j -~ 

L ., 

11 1"•\ I ( I I Y 0 I J'( ll -, II! MIN J<; 1,' 

',\hL'fl' .tprnoprr.tte the cL!!,t were ~ubjectn! l<J ,JtLtl)>l", '" \.1>1.11""' 
1

) 1,,-.J,.,,Jr, 11!5£>). Cornp.tli'>on" between rn,·,w., \\t'l\' rr~otd,· tl'. lttl·•"y'., 
._ , , J , , , l r , I q 'i () ) o r D u n n c t L \ t '' u- Lt i lc d I t e., t ( C; i II , I 1 J 7 K I 

,\-, .,howll by the datc1 pre"cnted in 1 able I, the body wergh1 )!,.tffl•, ol 
thl' mink that received the diets treated with A roc lor 12-11, .>. 'i Ill ~ 0 
rprn ol 245 HCB, or 2.5 prrn of 236 HCB did nut Jiffn '>ignilicdntly lfl>lll 
UL· control_ Cono,urnption of 5 ppm 236 IICB h.td .1 gcncr,t!ly dl'pt<",•,rng 
,-:~·.<.ton mink body weight gains but not nc,trly ;to; grc.ll .t'> tl· .. 1t ()t the 
~ 1< I!CI3 congener. Only 50% of the mink fed 0.1 ppn1 )cl') IICI) -,urvr1cd 
12-1 wk ol cxpo'>ure, and all of the anirn,tls tl1at reu:iv,·d ()_') Pi•lll ol t!Ji., 
tJIII~crwr tired prior to the termination rJf the qudy (I .Jhk l) 

( 'ornlnon clinic,il signs observed in the rnrnk fed l4·i II< .n 111.11 til('cl 
:.11111)~ the '>tudy included anorexi.J, g,tstric ulcl't\, hi<Jody oln<>l·-, .1 til''•, 
: I',L'IH't,ttive ch<trlgeo., in the kidneyo.,, prlllCJC,IltllliL':S·tl), ,IIlli .tl<l!il< ;.r. lhl' 

-. ·:"' h ol the diet.try trc.ttnwnh on rel.ttive <>1)!,.111 wc·t.l',llh ,,1 tile 111111k 
·: .11 tlrL·,j during the ~tudy .1nd of mink th.tt \\Til' lll'lt'IJl"''d .rt tilt' I\'Jilti 

, : :" 1 1 () I t h c '.Ill d y ,1rc -, h ow n 111 I .1 h k · L C r 1 n 1 p .1 r ('[ i 1 ' 1 1 i 1c · . ' n ,: 1 , ' t - • 1 1 , · 
r•k l·.·d ;\roclor 12S-l h.td inue.tscd ltvl'l' v .. !'tgllh, wl1rk tf1•>·,· t!ttl r•· 

' ,, (I : pptll _HS IICI3 ,::ct :,!Jowcd .1 ·-,;~n:li,.!:lr th r.·.1•,, :1 f,, .. : · 
:11 .tllli ir1crc,t.,,: in .tdtl'n.tl \\eight. IIH· rnir1l. kd tilt' 11 ', flptr: h llr H 

:, 1 iLHI ~ignific.tntly lower <,plcen drill hc"<trt wcig!Jh .tr1d 11 t•'' ki<il1<'\ 
'''''·',hh tlun the control. 

I -\IlL~- J Morl.tlily :u1d O.,urviv.tl I ime ol renu!c Mink 111.11 Died while Rt't<'i'.till'. l'li\-',:.Jll'l''"'''"'''-1 
11, 

,\lort.liitv 

1'1' 1 .u \ ! r e.1t rlH'Ill ( r;{J) 

\rollor 1 ''· ' 

''"" -h IW/l I 0' 

(; 

l'tllll .'3b lltll 0 

' l'f"n 2 ll) liCil () 

50 

01"" l-h IICil !00 

~\h·.ul {r.m~~e). 
,..,1'L.rr;l 1 ', 1 rcve.JIL-d -:.cvere llrir.,lry-lrJLt infection. 
'\,··~rol"'-\\ re\t'J!vd ITh'trlti~. 

~ur viv,tl 

t irne (d )'1 

~) () 

'' "I 

(J/ 

(5 1-7:') 

·l(> 

(2'1- i .') 

lr;l!t.d flrJt!'v .,, t'l\.1,ilt 

d ,)r·,Jilr'' 

I ,1) ·, 1) 

f 1; (, I 



TABLE 4. Mean Body Weight and Relative Organ \\eights of Female Mink Fed d Control Diet or Diets that Contained t\roclor 1254 or Various PCB Congener, 

---~-----------~-~~~~~~
~~~~~~~~-~~~~~ 

Organ weight (expressed as a percentage of brain weight)!> 

Bod' Brain 

Dictd'Y treatment Number" \veigllt weight (g)b Liver Spleen Kidncn Lungs 
- - - ~---- -- --- ----- ----~-~- ----- -~--

Control 19 S80o19.3 7.5 0 0.09 383 0 2! -~ 69 : 5.1 60 " 1.5 88 0 3.9 

2.:5 rpm Aroclor 1254 10 (1) 904~31.: 7.4o0.16 474:21.8(} 58-11.4 64 ~ 3.0 92 - 6.5 

2.5 ppm 245 HCB i 0 ( 1} 976 • 48.6 7.4-0.15 ~67 : 3 -,_,: 79 - 15.1 62 = 2.4 90 : 3.3 

5 rp:n ?-15 HCB 10 g,·g • -l'.O 7.6 '- 0.17 384 • 1 s.1 fi9 : 5.9 57 ± 2.2 83 • 2.3 

"' 2.5 ppm 236 HCB 9 9-16 : 3-l.l 7.4?: 0.18 oc 396 : 22.0 tJS ! o.7 56 = 1.3 85 : 2.6 

5 pprn 23G IICB 10 925 ·-\I.: 7.-\ - 0.19 3G7 • 27.0 55 ' -\ -'· 59 ' 3.6 83 • 3.3 

0.1 pprT, 345 HCB 10 (5 i 6•)6 _, 62.1 )" 7 .b 0.17 392. 27.5 -\6 • l.CJ 66. 2.1 92 + 4.7 

0.5 ppm J45 HCB 10 (10) 528 ' 2~:- 7.7 . 0.15 351 + 18.0 -~0 + 2.5c' /6!S.8c 1 o; • 1 o..; 

ui\:um:.Jcr in rurenthcsis =-·number 01 m:.1J.... U1.1t tJJtd t~~ning the ex~eriment. Sun i'.Or) \'. c:t: n~'-ropsied .1fter 88- i 0:2 don treatment. 

lJ\h:an : SE. 

cNo J.drenal \\eights ·.,ere recorded for rnink ~hJt d:cJ d:Jring the t.:'>..periment. 

uSign:ficantly ditterent ~D < 0.05) trom cnr:tro: b\ Dunnett's :-te~t. 

L\,.:,nltl~Jnti':- dit:ercnt (/, < 0.01} from ~ont:-L,; h\ Dunnt:tt'~: tc~t. 

•• IO...i-(.~:.t~-.. ·-~ ~-izSif"" i'Hii;P'1~0 ...:ew---" 1# ~ 
~- ••·· a:u ·i&JI .,.,;:g._· ... ~~ ---~~-_.,, .-.-.~!>.o--Tli-· .- ~.i""' ~:~-t~tyr;~;-<.· 

Hedlt 

67 ~ 1.6 

65 = 2.0 

66 : 2.4 

65 : 1.5 

67 0 1.4 

66: 2.2 
54 + 2.5'' 

53 ' 3.0" 

AJrcnJisc 

0.86 : 0.05 

0.99: 0.06 

1.09 : 0.06 

0.1:1 I : 0.05 

0.88 - 0.04 

0.83 · C.0'7 
1 .~2 . 0.2t)t 
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lO'<ICilY OF PCl3s 10 MINK 

1 :w reproductive performance of the rnink on the v;trious dict.ny t:,·.::

:':c·nh is presented in Table 5. No differences were noted in the: rcpruduc 

:.<c p;namctcrs mea~ured between the controls ,111d mink fed 2-1-5 llCH <l: 

_:_,n HU3 Cicst,ttiun in mink aver:tgc-; 51.3 -~ SA2 (SO) d hut i~ tlorrn.tll\ 

,J;I.Ibie bl:LaLISC of an irregular delay in implantation Of lertiii!Cd U\,\ 

,1\,ltlS';Otl, 1947). 
Only one of the ten mated females that received Aroclor 1254 whelped. 

1 hi-, female gave birth to a single stillborn kit. Six of the other female-, 

:..:d r\ruclor 1254 showed evidence of uterine implantation sites ,tt ncct()psy. 

1 h<' females fed 345 HCB either died prior to the nl;:Iting season (M.11ch) 

,,, !.tiled to whelp if they mated. Implantation sites were observed in 2 of 

:~~l· 5 females fed 0.1 ppm of 345 HCB that survived to the termination ol 

:;'L' ~tudy. The mean plasma 171)-estradiol and progesterone concentr.Jtior1•, 

,: the ternales that survived to the termin<ttion of th<: '>tudy are '>hown ir1 

l.ttJk b. 
In this study, cytochrome P-450 conc<:ntrations were significantly 111 

L',h•:d in ,111 gr·oups of treated mink excqlt those fed the 236 HCB u 111 

,_,·:wr ( lahle 7). The grcate-,t induction occurred in the mink In! A1 <HI•1: 

'': .tnd :345 HCB. Signific.lllt incre,tses in /\P N-dcnwt hyl,t'->c \'vl'IL' t)l' 

·d only in the animal'-> ft:d the highest It: vel o! 2·f5 HCB. f·c'L'cl int'. 1\1 < ,,1<1: 

·' :,·~u!tcd i11 '>igniiicant ind11clion of both f3.tP hydruxyl.t:-.L' .trll! I.R 

c'lilyl,tse. BaP hydroxylase conccr:trat1on<, wrc cthd "1gni 1 ic.t1:lly •.·lc 

''·' ,; 111 thl' mink feel the 245 HCH· and :qs HCB-trc,ucd diL·h. ;\ltlwugh 

tilL: tredtcd groups showed clevatt:cl ER 0-dcethyla'>c Jctivity, <lilly the 

'·n!-.. fed Aroclor 1254 had value<> significantly greater th,tn tiH: e<Jtltrol 

I .tilie 7). No significant induction uf any of these c1vynH:'> occurT•:d in 

·: ,. rnink exposed to 236 HCB. 

\n,tlyse-, of brain biogenic amine concentrdtions, ,ts shown ir1 l.1hil' 

IL'\l'cllcd '>evcral instances where PCB-trcatcd rnink h,tc; ~ignil tC.tr1tlv 

.. :lc'd NE or DA concentrcttions in variou'> parts of the hr.titl wher1 Ltllll-

: to thl' control. However, no signifiunt (p < (),(l'i) diiiL'It:ll< '-''• lr()tll 

·:·,.\ \.lluL''> were noted in 5-HT concentr.ttions ()I the trc.itl'd rni11h-. 

L>ISCUSSION 

fhe results of this study indicate th,it mink arc considcr;tt)ly more 

'..:rhttivc to the PCB congener 345 ~iCB than to 2'-r5 H03 <;~ 236 HCB ur 

!u the '~ornmcrical PCB mixtu rc, Aroclor 1254. These findings ,1re cun~ic,

:l:rll with those of Biocca et al. (1976) in which they found the 3·15 HCB 

\Ongener to be the most toxic of several symmetrical HCB isomL't<; (in 

<>-IJtng 2·;5 HCB ar;d 236 HC3) when fed to chicks or mice. The relative 

•1 h·rcnle in sensitivity of mink and rnice to 34S HCB is, however, re,1dily 

JPP.trent when one compares the 0, 20, and 60% mort.tlity !Jb.,crved 111 

"'
1Le feel I 0, 30, and 100 ppm 345 HCB, respectively, for ?8 d v-. ith the 
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TABLE 5. R.eproducti\t Performdnce of Female \1m~ Fed a Control Diet or Oieb I hJtlontained Aroclor 1254 or Variou; PCB Congeners 

Oietan treatment 

Number of fenuics 

whelped per 

number !"<!ted 

-----------------

Control 

2. ~ ppm Aroclor 1254 

;3 2.5 rpm 245 HCil 

5 ppm 245 HCB 

:.5 ppm 236 HCB 

-' ppm 236 HCB 

0.1 ppm 345 HCB 
0.; ppm 345 HCB 

JB,!'-!e.i on JJtC of L.t:,t m~itinb. 

h\1c.,r • S E. 
~ B,t:-,L·J ()/1 li\C J...i~). 

i 9;2U 
1 /1 L) 

8/10 
: 0/]U 
9/1 (. 
8/10 
0,'8 
-/0 

Gestation"•b 

(d) 

\8.6. 0.88 

50.0 
48.5 . 2.06 

-+SA~ 1.57 
49.1 c 1.55 

~ 1.6 : 2.29 

--~-

Number of kits whelped 

lotal ,\1 i>C Dead 

111 10:) 6 

1 0 1 

:l4 31 3 

60 52 8 

51 -\9 2 
46 -+3 3 

Litter size 

rer female whelpedh,c 

At birth 

s.s ': o.n 

3.9! 0.72 
5.2!0.59 
5.4::0.48 
5.-1,0.84 

At necrops) 

5.0 ~ 0.27 

2.5 ' 0.71 
5.0 ': 0.6J 
5.0:0.41 

4.9' 1.01 

Kit 

body wctgil t 

Jl birth"·' 

10.1 . 0. i ti 

9.3 • 0.4~ 
i 0.3 . 0.19 

I 0.0 z 0.2-l 
9.6 . 0.:?1 



...., 

uB.1sed on d,ttc of i,1..,t n .ilPl ..... 

hMean ~ S E. 
lga~~d or: !1vc kits. 

TABLE 6. Plasma 17;3-Est;JJiol ard Progesterone Concentrations of Female ,\1in~ Fed a Control Diet, Aroclor 1254, or Various PCB Congeners 

17p-Estradiol 
Dietary treatment n (pg/ml plasma)a 

----- ·----
Control 17 2.2 • 0.69 
2.5 rpm Aroclor 125-'. 5 7.2~3.41 
2.5 ppm 245 HCB (, 3.0:: 1.05 
5.0 ppm 245 HCB 10 1.0::0.30 
2.5 ppm 2 36 HCB 8 1.8 = 0.50 
5.0 ppm 236 HCB 8 3.7 '- 1.08 
0.1 ppm 345 HCB 5 3.3 = 0.72 0.5 ppm 345 HCB 

"Me.In ± SE. 

IJ Ali female, whelped and were sampled within -;dot parturition. 
'Blood samples collected or assa) S-3-8 3 or S-12-8 3. 
dB!uoJ samples collected or JSSJ\ 4-28-oJ. 

r>Significantly different (p < 0.01) from ~..-ontrof b~ Dunnt:tt'~ t-te~t. 

Progesterone Reproductive 
!7 (ng/ml plasma)a status of fcnulc, 

- ------------------------------~--------
18 3.4 :': 0.20 Whelpeclh 

8 1.3 ± 0.34e Mated but faricd to 11helpc 
8 2.5 = 0.44 Whelpedb 

10 2.4 = 0.30 Whelpedb 
9 3.5 = 0.44 1\'hcipcd~' 
8 3.4:: 0.63 Whelpedh 
5 9.1: 1.39e ,\1atcd but failed tu 11 hclp 1 

Died prior to mating 



TABLE 7. Concentration of ~-1icro.oma/ Cytochcome P·-+50 and _-'\ctivit\ 01 lkp .• :i, \lixed-function Oxidases in Female :\iin~ Fed a ComrcJl Diet or D:,-t, lild: Contained Aroc/or 1254 or Various PCB Co~gencrs 

('. tochrcll:1e f'·450J Oietar; treatment 
II r.nrnol/rng ;1rotein) 

---~ 
~ - -------- ·-

Control 
15 0.71 . 0.109 2.5 ppm Aroclor 1254 

:.26 . 0.326' -..1 

2.5 P[Hn 24 5 HCf! 
: '5 !) ()_21{/) 

t..l 

5.0 Dpm 2·15 HCB 
,) ! .51 - 0.324h 2.5 pprn 236 liCB 

U.-lb : 0.090 5_0 ppm 236 HCB ]I) 
1. j 4 : 0.220 0.1 ppm 345 HCB 

3 2.1J~ - 0.30t/ 0.5 ppm 345 IJCB 

u,\lcan • S E. 

hSignii:~antly Jiflercn! ;!' < 0 05 1 I'"''''·,, !:ur '"- il~nncu·, :-rest_ 
Ll...'gnific.ln:.J~ Ci!ferent (,r; < O.UJ,·! !rqn; .r 

·,\ f)~_J:IilL!; ::it te::~L 

#fL;~ ~:.: ~ ·-~~ ......... 

t:J 
~I 

'I 

!I 

)!J 

iO 

:\1ixed-tunction oxidascs (nmolimg protein/cnin; 1 
--------

,~1!1 inopyrine 

\ -dernethv lase 

2.:·-' . 0.3·! 1 
2 .f){) • 0.277 

; . '0 0.302 
i.~:l. 0.562' 

..::.lb ._ 0.22'i 
2.~9 • 0.61 I 
1.~3-0.~10 

Benzo[aJ pyrene 
h)-droxylase 

0.22 ~ 0,017 

0.71 "0.045' 

0.43 ' 0.055' 
o.35 , o.onh 
0.22 • 0.020 
0.32 = 0.039 

O.bO = 0.048' 

[thO.\\ re~OTtJii~J 

O·dt.!~t!1\'iJ~!.! 

0.08 • 0.007 

U./9 , il.O i 5' 

U.! i • U.U IS 

0,; 2 • 0,0 I) 

0.12 . 0.031 

0.1 I · O.ll3U 
(J. J) :::- U.~10cJ 

---- --- -------



-..J 
v... 

:....\\e<.1n ... SE. 
t.Significanti'! difh..:ren~ J~ < O.C'5 rr,l ._u:ltrl-: b·~ !J~rHlt.tt's z-t.:st. 

z-~ignilit-Jnti). J;f!~,;rcnt \;· D.Ol · 

, At til ( ,k) tf, ·a· n 

l.l.lfl~J .\ro.,ldl ! !.">·t ~·~ \ .-· 

DictJr) trcJtmeni 

Control 
2.5 ppm Arocl )r 1 .i54 

2.5 ppm 245 HCB 
5.0 ppm 245 HCB 
2.5 ppm 236 HCB 

5.0 ppm 236 HCB 
0.1 ppm 345 HCB 
0.5 ppm 345 f-!CB 

Control 
2.5 rpm Aroc 1or 1.~5-+ 
2.5 ppm 245 f:CB 

5.0 ppm 245 HCB 
2.5 ppm 236 HCB 

5.0 ppm 236 HCB 
0.1 ppm 345 HCB 
0.5 r,prn 345 HCB 

Control 
2.5 ppm Arocior 1 !5·i 

2.5 ppm 245 IICB 

5.0 ppm 245 i'CB 

2.5 PP"' 236 l :CB 
5.0 ppm 236 liCB 

0.1 PP'1i 345 ; ICIJ 
0.5 ppm 345 I ICB 

u\1can ~ SE. 
hs;gnificant>, Jitft·r-:·~t 
t"~ignific3nt:v di!ft::c~1! 

L\ ''l.t1: h\" U;__;nn~·tt's i te~t 

I".._ 

'· \ ti { \ • 'h., IlL r.., 

19 
9 
9 

10 
10 
10 

5 

llJ 

9 

9 
10 

10 
I:) 

19 

9 
') 

iO 

I L' 
1C 

~.1iJbrJin 

195 = 11.9£1 

242 = 17.4 
231 ± 18.7 
236 ± 13.6 
220 ± 18.7 
260 ~ 14.9( 

185±19.9 

499 ~ 61.5 
546 ! 39.4 
464 ± 121.1 
494 = 108.4 
604:103.5 
587 ± 77.1 

130' 20.6' 

999" 81.7 
1011 . 84.1 

1 0~9 :: 126.8 
943::92.3 
912 : 1 i-,- .8 

l13:'i : 1114 

'!lJ 2 • ) I .S 

\. l:L;1:,:1 

''>p:lt."i L '1 

Norepir-~·;1hri11e (ng/g) 

4· . 3.8 
61 • 6.3 

58 ' 4.1 
41 0 3.9 
52 . 6.0 

51 ~ 5.6 
G6 ~ 12.0 

DopJr::!ne (ng/g) 

195 21.1 
260. 31.1 
21 q . 15.6 

198 15.8 
221.23.8 

197c18.3 
~~-+ 6')_-;:,h 

Sc·,Jti. 1 nin \llh.~) 

lo9 · IU 
1 S9 · 10.9 

193 7.8 

1 b·.t ~ 1 3.9 

.212 ::5.9 
209 : 24.8 

, :-:- Lh 

~.,.;_ ::u ~-: ~0:-'::.ro~ c Du~:-.'-:· ~t--::~. 

:J_(t·: -:--., --. :nn:ro: f-)'. i)l;nn~,:· :.·,t 

"v,,•,-. i tt' • to·--~_,,! lt,'f\ ul lJ,•H 1 t-.,a;\ (. -0-h• 

~\cJ,j \!J 

194±5.0 
222 = 16.6 
218±11.6 
232 :': 1 0.4b 

220 = 14.5 
226 ± 9.9 
186 ± 6.1 

122 .:: s .6 

124 :': 7.4 
137 :: 9.0 
131 :: 8.5 
133 :': 8.2 

119::7.5 

I 08 :: 11 . .\ 

932:: 36.2 

~95: 57.1 
s~g : 60.8 

870·71.1 

895 :: 56.0 
847:: 98.6 
G25 ·_ ~1-i.S 

IIJ. Pdlhai..tn1u~ 

467 :: 26.4 
625 = 44.5b 
470 ± 38.1 
487 ± 60.1 
492 :: 40.4 
535 :: 44.7 
336 ± 37.5 

522: 49.2 
925 • 64.5( 

501::86.2 

557:: 60.8 
556 ± 82.6 
622:: 89.7 

330:: 58.2 

577::51.1 

516:>:51.5 
6.f9 :: 50.3 

639 ± 55.6 

587:: 74.3 
603:>:87.6 

615 "! 71.--t 

{ li l!tH.lli.lill 

56 ~ 3.6 
81 • 4.7c 
63 • 9.8 

65 :: 4.3 
71 .: 4.5 

62 : 6.7 
54:: 6.4 

54 ! 3.0 
55 : 7.3 
55 . 2.5 

53 ' 2.7 
59 : 6.0 
(;0 : 6.2 

G 1 : 13.6 

1/5. 12.5 

i 72 ; 17.0 
109 . 28.7 

191 : 28.3 
200 . 23.5 

227:18.1 

90 til 
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100% mortality noted in the mink that received tht: 0.5 pprn 34~ f-lr'9 
~upplemented diet in thi~ study (sec Table 1). " 

A~suming female mink consume 115 g fecd/d (131cavin~ ,mel Aulerich, -~~ 
1981 ), the total intake of 345 HCB by the mink fed 0.5 ppm of thi-. con- ~ 
gener for 46 d (mean survival time; see Table 3) would h,Jve been 3.1 mg. 
The mean total PCB consumption of the 5 fem,!les that d red while r·ecciving 
the 0.1 ppm 345 HCB diet would have been only 0.9 mg. These estimates 
of PCB consumption arc probably high because of the anorectic cunclition • 1 

of the females for several days prior to death. Comparison of the'>e values f 
with data for mink fed 5-10 ppm Aroclor 1254 and 1242 (tut.d intc~h.e !~ 
of 6.7 and 8.6 mg, respectively; Ringer, 1983) <:>how<., the extreme tox1c1ty !!~ 
of the 345 HCB congener to this species. 1: 

The clinical signs and lesions observed in the rninh. th<tt died following 
consumption of 345 HCB were generally '>irnii.Jr to tho'>e ckscribed pre. 
viously for mink fed various Aroclors (Aulcrich ct .II., 1973; Bll.',lvins ct 
ctl., 1980). However, the mink fed 345 HCB did show a grec~tn lrequcncy 
ur· degree of ascites, pancreatomegaly, and alopeci.t th.m ()h~crvcd with 
comrncrci<~l PCBs in our previous studies. 

Although none of the congener-s fL·d to mink in tfli-, ~tully pr,Jduccd 
a significant effect on liver weights (Tdhlc ·-1-), Biucu L'l ,>i (I lJ 7b) r cp<Htc'd 
.1 doo.,c-u·I,1U:d illcrc,·,s,: irr livt'i ''t'!~)Jts in miLL' .tn<l Lhtc;.,_-, kd tlle~e ton
genct'i. Their studies, howeve1, i11volvcd till' IL'cding oiL<>rhickr,Jhly gJe.ttt.·r 
concentrations of the congener<o. The enlarged livcr·s ohsL·rved in rhc mink 
fed the Aroclor 1254 diet were con'>istent with the rc~ulh of other '>lll(lip, 
in which commercial PCB mixtures were fed to mink (Auler·ich ,1nd Ringer, 
1977), rats (Grant et al., 1971, Allen and Abrdhamson, 1973; Cccilct al., 
1973, Grant and Phillips, 1974; Goldo;,tein ct al., 1975), mice (Orberg and 
Lundberg, 1974), swine (Hansen ct al., 197-'i), munh.eyo., (AIIcr1 et al., 1974), 
and rabbits (Koller and Zinkl, I 973). The increased kidney ,tnd hL·<~rt weights 
noted in the mink fed 345 HC:B (L1ble ·+) we!·e .tho oh~c·ved in p1''viou-. 
studies (Aulerich and Ringer, 1977) in which mink \Vcrc fed 1\i()Lior· 12'd, 
but in greater concentr.l!ions and fur longer ;1cr·i,1ds th,tn ir1 tl11<; o.,tudy. 

Although no studies are known to have been conducted lln the cffL'CT> 
of individual PCB congener~ on reproduction in the •n'nk, the ,:~,_:,er~c 
eflects ui se·;eral commercial PCB mixtures (Ringer et al, 1972; Aulerich 
Jnd Ringer, ~977, 1~80; B:c .. ,1 ii1S et al., 1980), a~ well <IS rnetaboiill'd fnrr''' 
of PCBs (Ringer et al., 1972; Platonow and KMstad, 1973; Aulericn et al.. 
1973; Aulerich and Ringer, 1077; Hornshaw et al., 198:1) on the repro
ductive performance of this sensitive species have been documented. The 
procreativity of the females fed 2.5 ppm of Arnclm 12S4 in thi~ ~tudy 
was comparable to that observed in a previous exper·iment in which mink 
were fed 2 ppm of Aroclor 1254 ( "\ulerich and Ringer, 19Tl ). None cf 
the 345 HCB-treated mink that were mated and survived to the whelping 
period produc1~d offspring. However, the fact that uterine 1 -''>OI pt ion ~i'cs 
were observed Jt necropsy in two of the five fem,!ICS indic,!lCS that OVU· ::i 
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y 0. q rng. I hc-,c est irnates 
of thl' ;rn<Hl'f"lic condition· 
.ornpar ison of these values 
A and 1242 (total intake 
lOW'> lhL: C\trCIJIC toxicity 

mlflk th,Jt died following 
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10\IUTY OF !'CBs TO MINK ') 

tertili;Jtion, and implantation wer·c not completely ::rhrhitnl In 
~: :·~crtcr·. 

'\· :thcr concentration ot 245 HCB or 236 HCB had .1 '>ignif:,Jnt L'i 

,,,, the reproductive parameter~ meac;,urcd in this '>tudv In olLH.Iic" 
,, , , :lll\l' t:xpu-,ed pre- and po<>tnatally through daily ordl ,tcJrninl'>trJt:orl 

: ,; mg 245 HCB to their ddm'> hctwccn d S ol prcgn.lrH y .Irl<l d 22 
:'•"tr.tl tum, Orberg ( 1977) failed to observe ,my adverse eftcch on rc
·,Huduction. Likewise, ip administration of 100 mg 245 HCl~/kg to IL·m,Jil' 
m:cl' 2 wk prior to mating also failed to alter the reproductive cap.tc:ity, 
!t!tt:r site, or growth rates of the offspring (Vodicnik et al, 1980). No 
Jttkrl'nu:s in fetal deaths were reported in guinea pigs fmrn keding IHl'g
n tnt ,Ltrm a total dose of 20 or I 00 mg 24-"i HCB (Brunstr(>m et al., 19H2) 

f3()th pure HCB congeners and PCB mixtures hdvc been reported in .: 
. ,, :dv of species to induce hepatic microsomal ervyrnes th,Jt l'llh.tnce 
,:t·:rJid metabolism (Risebrough l't al., 1968; Litterst ct al, 1972; Nl)wrd,i 
t:rd Ntnman, 1972; Alvares et al., 1973; Vodicnik and Lech, 1980), .liter 
:.~ '>tcroid balance and impairing reproduction ( Kihlstrorn ct al.. 1973; 

'r.:··r, 1983). As shown by the d.!Ll rncsentcd in T.1blc f>. both /\roclor· 
'-, + .trill 345 HCB had significant, hilt opposite, dfcch ~>rl tile J>l.:"nl,t 

. 'l:~c·,tc:onc concentration., of the lcm.tlc~ but no signifil.llll I;'· () rJ;) 
''•'L :, or1 17{3-estradiol concentration'>. The higher pl.t'>lll.l p1<')',l'-,I<'I1Jtl•' 

,.,,,:ttr.:tinrls in the females thdt :ncivecl 14) HCB might '>li)!J',L''>t th,Jt 
''ii\;t~lll'r 'itintui.Ht:'> ~H'Ig,:-,IL'I'lllll~ hil)'\ ntilc'>i-,, w!ll'rL-,1., -\r<••. :~,. I 1 ' I 
: , ·, il y d w /\ y 1 d t ion or t 11 i., s t, · 1 u i d h o rn1,, nc·. r 11 c ,·Jn . 1 t ,. c1 1, 1.1 •. 111. 1 

.;···IL'IO!ll' conccntr',ltion-; nldY be· ol .Jcircn,JI origin, ,!'> -,ltgg,::,tcd I>\ 
··.· •:1<.1l',l'>l'd ddrenal weighh in the 34S flCB-Hc.1tcd m1nk. jllrl-,···<lll L'l 

'·. 976) r-eported decreasl'd concentrations ot pl.t'>lll.l p1ogL''>IL'IPII<' 111 
:"l' ut lolluwing prolonged (36 wk) dietary expoc,urc to 75 .rnd I)() ppn: 
·ll \roclor 1242. Our data are, however, difficult to inter·prct 111 light ot 
·rrc· ·..tr icd reproductive and phy'liological :;tates of thl' lcm,lk<; ,J!ld tlw 
· 1 i :il.n the pla~ma proge~tcmne concentration of lll.ltcd IL'Ill.tl,• rn:nk 
:,·, r·.·t..,, . ., rn.nkedly from l,ttc ge'>tation through eMIV I.JcL!liorl ll'rlhc'.lnr 

' ,I I'J'H). rhe live females led )4') t-!Cf3 thdt Slil~i\ecl 111 the• l<'llllill,t 
: tile '>ludy were in d very Jchilit.tted cunditror1 ('>c·c l.thk .n when 

· · •· ·rl ,,J!llples were collected lor hormone an.tly'li'l. The po.,~;bil' :ntlut·:1cc 
''I'~ '>tress on ste~oid synthc.,is may al~o ha1e cuntr ibult'd t1J tlrL· L'lvl.tlcd 

.,,,···.-·.·.,·rune conc~'r.tr::ttiG!l . 
lhc mean progesterone concentrations, shown in labil' h, tor the c•m

triJ! fern.tles and those fed the 24.5 HCB- and 236 HCB-tre,Jtcd die'l<; ,uc 
• ..,

11hin the normal range reported for mink (Pilbeam ct al., I lJ79) during 
~!;:~ ~L1ge of the reproductive cycle dlld supported "normal" rvproduction 
' 11 these animals. Although the females fed .1\roclor 1'2S4 were not in .1 
1L'h:l:t.lted condition at necropsy, as were those survivors fed the 345 

fiCB dret, the lower plasma progesterone concentration<., in thL· ;\rotlor 
l 25-1-fcd females may have not been suffi~ient to maintain prl·grLtncy 
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1r1 thc~c ,mimdl'>, .1~ VL'tlftL'd h<y thc ptt'WIHL' uf IL''><Jrptt•JII ,,,,, .. , 111 tl>,· til,· 

d t m:uop-,y. 
B,t..,ed ()fl the pM.Jmett·r, mc<~'>llted tn thi'> ,tu,Jy, till' t<>\r, 1 t''P''n,,·, 

tJI thl' rnitlh. Ull the \,IIIOil'> trc,l\rlll.'llh dll.' gl'fll'l,tii·, Ill .t~'L'l'iiiL':II \\II! 

tilt: t!lt'IJI'y pll'',t'lllt'd h) PrJI.il!rl ,lthl (, <J\L'I I lJ77 .trill 'r <>.II 11 I '·: 

I ICJ7t!l th,lt lMC-typt' e11/'yiT1l.' l!ldlllLI' I!<.' lliiJIL' I<>'•' t\1.111 [' 1 ;c' I <I .till l.ti 

•f'f5·t l)Pt' •nduu:t'>. B.t•,,_·d r,n t\l••,ll•,-,,_. f' l'·llt,·~·-· 1>l: 11_,., ,, 

(\ l .ll'i·· j .j.:: IIC H ,(II. I \t I" "II I ' I I'' 11,1' )· ,., : 1 1 1 i! 
.t :1 d '"' r e 1 I , L rn 1 "t t, , \ rt < >I t h , · I 'r H , 1 ·, : !) ' · i 1 1 \ r ' • :" • I ' I ! < I 

'>t)!,nlfiC.tllli\ l'lliLIIICL'd I lid tiLt it •I) <Jl h.tf' h\ .it 11\) l.r •L .I II.• '""' .. , ..... t'• 

rc-;pun-;iH: ll! 3MC-typL' indttLc'l'>i. lh: 1rldilllitll1 >.•I H.tf' ll\clr•>' I,,,,_· 11 \ 

h<>th AttJlitH 12') :t dnd 3-h H( B-tll',ltcJ rmnh. 121 :-; .tnd 2t>tJ,. 1 ''1''-'' t .,l':, 
Wd'> <;imiiM 1n m.tgnitude l<> the 22i .tnd 1 73 II>Lic.t·,L·, IL·',P<'c.lt\• .. \, ,,., 
LvltJChr<Hlle P-450 LUIILL'rllidlltJil'1 lor tiiL,e .111111 1h I R. I 1-d•·,·tl:\ LhL' 
•dfl<lthn tllonol!xygcn,t'>e ll''>POCl'>l\t' tu 3MC type in.itrll'l ,1 <.<JihL'ttll.rlr<JIIo, 
were enh<tnt.cd by 345 HCB hut .,1gnt1rc.tntly rrHre,hed h\ .\r<JLI,n 12'i·l 
245 HCB WdS the only compound lL''lnl th.lt -,hc>\\L·tl .1 ,r~•1•t1,,1:1t llitLI'. 
tron ol AP /\ demethyl.!.,l' (,t PB-typL· inductl<.lll). flli\\L'.cl. I·L·,IIill t:~r,, 
cungener nor 236 HCB (wh1ch l,tikd to rnducL~ c~ny "' ihl· lll•lfi<"'\)gc·n,i.,,., 

tnL'd~LJrcd) produced slgntlilanr detrimcnt.Ji cff,~L I'> 111 tht· 111111k .tt the· 
levelc; fed in tllic; study In .t ~tudy in whrch rnink \\Cit' !t-tl ·\rtJc:tlh 10111 
.tnd 1242 ',hull l'l ,tl. i l'l.'S2i rl<Jtcd -,:~nitrc.mt -,ign, "' IO\''"'''' 1~ tll'nk 
ted ;\loci<ll 1242, .!ltlluugh ll<J -.rgnlf:t,!:ll llldl1Cl11111 <JI ),Vl( l'y'flc.' 11 rill<• 
oxygenash IBaP hydmxyl,tse ;~nd ethoxyLourn,uin U-dn·th\l,to,,·: wert.' 
observed. Neither of the<;e AroLior'> incre,tsed the rndllLt run ol !\P ,\ 
demethyl<tse. 

Previous studies have <;uggcc;ted th<~t expmure to PCB., re.,ulh 111 he 
hdvioral abnorrnalitil's, whiLh in turn uJUid be due t<> .rltl'I.JtrcJ'l" rn br· tin 
ncurochem1c!l p,lt<tmdcrs. PL'dh.,ill .md Pe<~h.JII ( 1'1/' ) 1 ll'fl<>tl··d :L'" .11 
tentivc incub,Jtion bl'h,tVI()r rn du\L'' led I() ppm ,\r.)t iu1 ! .. , I H.~-t ! 
<>n the'>e rcsulh, Hei111 er c~l. (19i:SOI l'\Mnincd the L'lfnt <tl L'\f,''"lli<' 11 
I, 10, ,lfld 100 ppm \rotlor l1S4 011 hr.1111 •.•!llu'lltr,\IJI)il' 1)1 !).\ .111cl '..f 
.rl the ring duve. !hey reported th.tt 10 .llll; :IJU PJ'I11 L,tuwd .1 ~~L~r1tlit.: ·t 
dcprcs..;ion in the 'Ahuk-brain concentration<, (Ji the.,e tW<l rll'Url!lt..trhnlrltl·r, 
and sugge.,tcd that the~e Lhange'i could affect hehc~vior. In the r.lt, !ti'ic'n 
Jnd Cabe ( 1979) reported hch,tvil!r,tl lhdll)!.L''> rec;ult:ng !IJrll L''<.pmtJit' 111 
FircM,t-;ter FF-1, which I'> ,1 cornmctcl.tl prl'p.tr.ilton ol rfw Llo,l'IY fL'i.ttL·,I 
polyhromtndted htphenyl~ (PBB-,). )ohn<,lu11 d .tl. il'IXrli rL'I'('ItL·d th,1t tltt' 
hypothalamic NE concentrc~tion in fern,tle r.lh Wd'> elcv,tted .t., ,1 result (ll 
l'xposure to 100 ppm PBBs, htrl '>ynthcsi~ of thi'> neurotr,tll<,fllllll'l w.J., 
not ,tltered. 

Of interest in the present study io, the effl·ct of PCB., ()fl hypoth,t!,tmll . 
neurotransmitter levels and its possible relatiomhip to reproductive dy-, 
function. Of the compounds led, only Aroclor 12S4 rcc;ultcd in ll'JHil~ 
ductive problems (anim,tl<> fed 345 HCB that m.tted were in .tn ntrt'ml·lv 
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