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Heplltfc 
I 

Time to l!ltnldlol 111M lldl~ lint 
.. bloocS 

(nmo~ en ?' (b&/1111) metabo (dl)'l) 
, f 

. , 'l 11.1 ± 1.1 26.1 ± 3.1 j 
(6) (4) \ 

I, 

I~ I± 1.9" 71.1 ± 10.7° ,. ' 
(6) 

(4) I 1: 

16.5 ± ··~ is~:t to 
,. 

U±t.O lt.l ± 3.3 
(6) (4) 

i 
(9) (10) 

i 
1.11 ± 0.3 64.1 ± 3.0~ 21.5 ± 5.St 219± 14° 

(6) (4) • i (10) (10) 

•,1' > .ot. .t .O'l <I'>,~. ' 

l Tabl12. Eftec:t or Injected p,p'-DDB (150,, . 
11 

~~:"!:=~=~7~ 
'icarbonic anhydrase activity In tho ovi&lct. A'=>U.I~•:!IIII:IIlarv 

the sizes. N.D., none detected. 

I 

Treatment 

Control 
p,p'·DDE 
Dieldrin 

• P> .Ot. 

EusheU 
wdaht 
(rna) 

231 ±II (7) 
177±27 (12)• 
232 ± 11 (7) 

Carbonic 1 
activity . 
(unttta) . 

17.~ ± 3.1 (5) 
7.1 ± 1.1 (S) • 

16.8 ± 1.3 (4) 

,.... ' . 
Which had bred successfully af' feast\i&IP«;1l\c~:~..9-,ana 
once (2). Pairs were kept in cages ··: ,.,.,.~o~n,r;r~ llnt•Vrlll"'lUU 

(45.7 by 53.3 by 91.4 em) and main· 
1 

tained on a 16-hour light and 8-hour 
dark schedule at a temperature of 
25°C. At tho start of the experimen.t 
the female of each pair was removed 
from the cage an} main,tained in iso· 
lation from th male on an 8-hour 
light and 16"h r dark schedule for 
3 weeks. The p, '·DDT (10 ppm) <~n 
was fed to both xes in turkey grower. 
pellets (4); th feed was started · at: 
the time the p r was separated and 
continued until ey were killed. Radio-! 
active 45Ca (2 p.c) was given orally 
to each Jemale 1 day before being put 
back wit!! her original mate. Females 
were killed by direct cardiac puncture 
either 8 days after the second mating 
or at completion of the clutch of two 
eggs. Blood was used for determination · 
of the concentration of circulnti~g 1 es
tradiol. Liver was remo~ed for enzy"'~ 
metabolism studies, brain for pesticide 
analysis (5), and the tibia and femur 
for 4 ~Ca analysis (6). tAlso p,p'·DDE 
or dieldrin WitS injected intraperltoneal
ly into the female within a day of the 
laying of the first~· In these ex
periments the femal ere kltled Im-
mediately a(t.cr the rletion of thc11 

clutch. Oviducts wer removed fo 

I MAY 1970 , 

N.D. 

s.a ± 1.3 (4) 

algz:tmc:ant reduction , In the c:Oncen· 
in tho· blood an<! 

of 411Ca ln th c 
. 1). The metabolic . 

microsomal en
estradiol increased 

In tho· birds killed aftc.: 
clutch, there was no 

am'ounlts. of' estradiol in 
tho apecUlc activity 
bones. However, the 

and speciflc activity 
cushell were atanltl-

r~l~lj~~~ tho aroup fed J;>DT,. tho aec:ond maUna to 
IJTIIJD,llCaJDUy increased. Tho 

microsomal sys. · 
lWIIIIIWitfed · for tho blrds fed 

I 

m· 



lation and main ance . of the sex 
organs and breed' g _behavi~r (l.S), A> 
similat increase • the rune between 
tl)e 5econd matin and egg-laying WaS 
found by Jefferies 16) in the Bengalese 
finch (Lonchura triata), 1 although he 
sUJ8eSted a diffe qt mechanism than. 
that proposed he . . I 

Since the b ing cycle procee<Jed . 

~DB but '=-aaal!ectcd b ::dl.c,.._ . . ,:il:...__~ do-cao-S,S~, lrr ·\-
!l , ..-bJ.1 . .w.~~ano-nap)lthalene. , 

t.
ut,·••·-tr:atlou~blhell lght~-.:-1111,_ 111owec1 mit ttdMi•h , .. ~-:oil"' 
bonic P::lbydraso activity has been wa wtthla 10 percent and caldum · :mt 
ablished. The inhibition o \carbonic. · sh!~~fd:~~la, the -.ample wr: · 1~ 

--" d uld t ·, ·th 1 Jor 411bours at 40" to 4.5"C; arour · ··lth iiUWy rase CO . c;xP11lD. e.l:' . me y 'lodlum IUUate; oatracted tor 8 houn: . ~' a 
thin eggsi~ells found id California , mixture[ of dlethyl ether and petroleu:: -~,er 

., • • f this I 'utd ' (1:3); I and cleaned by pasaao tht' ' •, al 
(17). lnh; ~uon o enzyme WO FlorisD~column. Readtnp were ma<' . 11' 
prevent u::iization of calcium 1

1 the Varian. Acroaraph 21.00 with •Nt <' · ,nJ 
, • . capture detector with • alas column ( ~ · · m) 

Ovtduct _eve, .though the btrd Was Other- contain 1 2 percent QF·l on Anakt' ··, \ BS 

· to the stage of e -laying, even though 
delayed, it is unl ely that severe de
pletion of stored cium in the medyJ-. 
lary bone occ:;urs. Thus, although tlii' 
phenomenon of h patic ·enzyme induc
tion has an effect on calcium balance, 

wise in normal calcium balance. , at .2~:;:. direct; lnJ~Uon wt~ ! · ' at • . , . t .,. · .. . . 225 C. aetiftor at 280 C. 1 . , 
The· symptoms ·o the rapto -pesti- 6. Wetahhl- of bones and eaashetls wt:;' ':e .. 

it does not expla' the extremely thin 
eggshells founsl i the brown pelican · 
(Pe/ecanus occide talis) colonies along 
the California co (17). In this case 
the average perce tage thinning was 5.3 
perctnt, and ~e e reme was 95 percent. 
These cases inust esult from inhibition 
of calcium availa ility near the site of 
eggshell fonnatio . If calcium wete 
unavailable in th body of the female,, 
then inhibition of egg-laying would be 
expected (J3). urtber, acute. hypo-
~alcemia would incompatible with' 
flight since both uscle ~d the nervous. 
system would be ected. 
· Eggshell thinn· g caused by DJ:?T 

may result large from inhibition of 
carbonic anbydr y DDT and its 
metabolites (18) Carbonic anhydrase . 
controls the hydr tion of carbon diox- . 
ide and is involv d in the ,secretion of 

-!_he calcareous gshell; inhibition of 
tllis enzyme by sulfanilamide causes 
poorly calcified gshells (19). If this 
idea is correct, t en one would expect 
DDT and oqE to be more effective 
in causing thfn eggshells than other 
chlorinated hydr arbons because, with
in this group of aterials, the inhibition 
of carbonic:! an drase is 'specific to 
DDT and its me bolites (20). Analysis 
of field results ( ) suggests that DDE 
is more elfectiv than either dieldrin 
or polychlorinate biphenyls in causing 

I 
eggshell thinning. 

Experiments ere· carried out ·on 
doves by injectin p,p'-DDE or dieldrin 
within a day ot egg-laying. Any effect 
on eggshell thin ing could not result 
from. the hepati enzyme system, be
cause estradiol as decreasing in con
centration at th s stage of the breed
ing ..;cycle. Furt er, the time involved 
wrui. too short.lo this mechanism. Egg-

t 

shell weights ere significantly dO. 
creased by DOE but were unaffected by 
dieldrin (fable 2). Also, carbonic 
anhydrase activ ty was markedly re
duced in the ovi ucls of birds receiving 

cide syndrome" can ·now be con idered lured litter ashlna ovemlaht at 800 ,' . ,'llo 
1 . · ' 1 ashcditaterial was dlasolnd In 6, Cl, • 

in terms H Ehysioloaical mechanisms. cvapo ed to dryaess, anll redluo: ' Ia 
· · · · • · water.. pbrtlon wu taken for deteml .. •''on 
The abnor::n lly. late breedmg and fail- • of radl activity In I lclntlllatloa cou¢•- r. 

ure to In)· ~gahi·· after early loss of 7. ~.r-Au~,. s. M. Hendeles, K. B.· f" ''cs, 

:eggs can <"l adily ~p1amed in terms Estradl 1 wu added at tho bcalnninlll : tho• 
· , t i · , . ' Altai. I Bloch•m. 21, 394 (1967). t · ... 'H)· 

Ot altered' h rmone COncentratiOnS fC• eXtract n U I tracer and Was USC<ll ' ' de-
• · 1 • ·• • • tennln~ the percentaae recovery.. r-

s ltmg frc:n ,hepatic ~nzyme mduction. a. o. L. 'IFIIc:ldnacr and J. c. Touc:hs· · .-. 1. 

Th f 'I ~ t1 1 · td' be d ChromJtorr. 36, :UO (1968), . , i 
e at ur~. O ay eggs COU cause ' 9. The ~~ anydrldo wu formed by reftux( .: •lth 

by depres~.-~~ hormone concentrations, P10 1,, followed by tractio~al di';J_,·.~··'on. 
or appar"·~tl failure to lay could be. !:~j ~lnna between 107 to ~~ ~ wu 
caused by ~arly breakage and eating of ·'to. D. E. ey, M•m. Soc. Endocrlnol. l··. 117 

· It i l'ik 1 th t d ·d 1 t h (1967). Tho chromatoaraphlc c:ondiHi .. ' are . eggs. . ~- e y a re uce c u c 11 abo •~ : 
size .is a!·'.} I caused. by break~e. ~d 11 •. D. B.~cakatl, NDtun 2111, sos (1967>; •;: w. • f • I. ' .. ' d d l h Rlscb up, P. Reiche, D. B. Pcakal ,, .. 0. 
eating o : "., eggs smce re uce c utc Henn • M. N. Kirven, tbld. 221, 109~ 1 ~ )68). 
size has • ""eb 'noted· .mainly · • cases 12i T. ~~ alco and o. _Pinons, Endocrln,·l , 63, 

h th 
·t 1- . . . 816 (i~S8), , 

w ere ~~. nes~ ""!; i~t fre uently 13. K. ialldsa, Calcium In R•productl'·; ·: :·yst-
checked. \ ;1e . pheno4?nJ ~Ptb~ egg- oloty~ lA Comparatlv• Study o/ V; ;· at•' · (Reinhold, New York, 1967), chap. , , 
sMIIs an': •. ~gg-br~~a~ ~e) ex lain~d 14. M:~.rclc:h.er and c. F. Wunter, ·: """· 
on the b., ts of fnhtbthon of carboruc , 15. ~~~

1 amer, Proc. Int. Omlth. c. , .. . . 14, 
anhydrase. The cause of einbryon1c ~-~ 7). : 

rt I• ' • t be • • d 16. D. 1.' efferles, lbll 109, 266 (1967). 
mo a 1ty rcmams . o mvesttgate . 11. R. IWI RJsebrouah, J. D. Davis; , ;·· w. 
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19. M. S. iOutows'ka and C. A. Mitchel' ! ,.,,,. 
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20. H. Keller, Ia M•thod1 o/ Enr.ym• . : ._,'ysll, 
H. U, i Berameyer, Bd. (Ac:ad4futic P: '· '·, New 

, . York, il963), p. 626. 
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wu .IJI Established lnvestlaator of t', \•ncr
lean Heart Association. Supported ' ' NIH 
aranti S 00306; Dr. T. J. Cadc, prl"' !;nl ln
vestla or. I thank tho Poultry Sci co Do
partDI t, Coraetl Unlvenlty, lor use of their 

', equl ' nt; J. Llacer lor pcrfonnln1 c peatl
cfdt.. ·. ai)'Sla; llld the 3M Compan for tho Iff\ bcptalluorbutyrlc acid, 
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I. 

DDT-k ' ':~1 Iahibition of Avian SheD Gland 

· Carbor; i < , \ ':hydrase: A Mechan~sm tJ~~ .- Eggshells 
I •f ! ' 

Abstni,' 
DDE had 
qua// on":' 

The shell-forming glands of Japane quail fed n.p'-DDT r p.p'~ 
·· ~Jonic anhydrase activity 16 to 19 pefcent lower lhtJn shell g/ ds of 

• frc.;: oj. pesticides. · · 

The P' ' :de DDT (1) produces a 
decrease >t ·gtr.i!·-::11 thickness In Jap· 
anesc qu:,· :'2). sparrow hawks (3), 
and m~lla: ' ( 4). The content of cal
cium i the ·:gs·,!;eiJ declined (2) and 
rcprod ction wn:: Impaired (3, 4) by 
the direct adllitk :1 of DDT or· DDE 

( 1) to the diet, ,thus confirm! 
relative evidence (5, 6) that D 
related organochlorine compou 
crease eggshell thickness. We 'nvcsti
gated carbonic anhydrase (CA (E.C.-
4.2. 1.1) in tho shell-forming gland 
of Japanese quail fed DDT o DDE 
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