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(R)-(-)-0,p'-DDT

(Drawing courtesy of Dr. M. Cowie ‘and Dr. R. A. Smith).
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| The commerclal insecticlde, technical.grade DDf,—containg'yarylng'
ratios of p,p'sbﬁT and (rl¥o,p'fDDT as wellvas'se!eral other'compounds..
.Racemic o,p'-Dbl‘has'been resolved into itSAenantiomeric forms4psing
the c1a531cal technique of dlastereomerlc salt: formatren;_ Aromatlc mono-'
' nltratlon of (*)-0 p '-DDT was followed by reductlon'%o the correspondlng

amine and formatlon of the. (+) -10- camghorsulfonate salts. These dlastereo—

'kmerlc salts were separated by fractlonal crystalllzatlon and fractronal

¥

.reflux technlques yleldlng regenerated amlnes Wlth spec1flc rotatlons of
-170.1 and 166,4 . Deamlnation of the amlnes by treatment of their - . -

diazonium salts with hypophosphorous acid,resulted in,enantlomerlc- L
L -¢

p —DDT w1th spec1f1c rotations of -17 ") and 17. 7
The asymmetry of o,p '-DDT was not reported untll 1975 although 1t has

[N

been known 51nce 1968 that (*)—O,p -DDT has estrogenlc act1v1ty in both
. v‘

‘avian and mammallan systems In the present study the levo enantlomer of

o,p ! -DPT- has been found to be more actxve than the. dextro form in 1nduc1ng. 5

N °

x.lncreases in the estrogen-sens1t1ve parameters, nterlne wet Welghts and
uterlne‘glycogen levels, ln 1mmature female rats. Slmllarly, in 1mmature K
" female Japanese quall ( )-0,p —DDT el1c1ted lncreased ov1ducal wet welghts’f
.'and glycogen levels while- the dextro form was apparently lnactlve. These |
findings prov1de an 111ustrat1on of the opera%;on of blolog1Cal stereo—‘
sbecif1C1ty and demonstrate that the es - enic effects of (+)-0,p -DDT

v

reside with the_levo form."



3]

- .

The meéhanism by whiéh theSe‘enantiomers exhibited_differinq-estro-.

genic act1v1t1es is not known.- It 1s 90551ble that the .dextro enantlo—
meric form could nat ‘meet the steric. requlrements of thé estrogen

reeeptor sites’or that the diastereomeric’ complexes formed_by,the associa- -
tion of the twdfenantiomers‘With the-receptors‘had chemical'andiphysical

propertles sufflclently dlfferent to be reflected in dlfferlng estrogenlc

act1v1t1es; Other enV1ronmenta1 xenobioticé are racemic and may act

through similar bioloqical stereospecific mechanisms.

. -
. .

AdminiStration of'(*)—o'p'-DDT to immature female Japanese quail‘in_

dletary dose of 200 ppm had ne effect on oviducal wet welghts, ov1ducal

_lengths‘or,serum caic1um levels. High oral -doses of (- )—O p '-pDT in

B

. . |
.'capsules e11c1ted estrogenlc respOnses in the qua11 and an analy51s of

re81dues of O,p -DDT in shbcutaneous fat and uropyglal glands from blrds

*glven,capsules of (- )- or (+)-0 p'-DDT revealed that both enantiomers of .

b

_o,p '-pDT appeared to be transported w1th1n the female quall
Immature male Japanese quall when sw1tched from an 8L 16D to a
,d14L IOD photoper1od exhlblted the expected 1ncrease in testlcular wet

_veights and concomltant testlcular maturatlon._ Whlle (+)- 178 estradxol
‘s atple to prevent thlS l].ght—stlmulated response, and e11c1t 1ncneased

serum calcxum levels, the racemic and enaﬁtlomerlc 0,p -DDT were w1thout
¢ :
effect. Adverse ‘effects of\o,p —DDT on male vertebrate systems have not

'been demonstrated to date but the env1ronmental 51gn1f1cance of the
estrogenlc activity of this compound 1n‘fema1es is unknown. Therefore
»1t is- recommended that the estrogenlc component of techn1ca1 grade DDT,

(i)-o,p fDDT, be removed from this lnsectlclde.

vi, -
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INTRODUCTION

In 1874 Zeidler first synthgsizéd‘DDT (DichioroDi?henlerichloro—
ethane) but it was not until 1939 thatbﬁﬁller discovered the insecti-
cidal properties of this cHemical_(Bféoké,‘l974). é?; the two decades
following.Mﬁller's_discévery DDT beéame‘the‘most Qidely used synthetic>
ingecticide ever developed (O'Brien, 1967)la;d exteési?é research was
devoted to elucidating théhgggaicai and physical prépexﬁiés:as well as
the:biologicai effects of this‘compoﬁnq and its analoés (Mﬁllef, 1955; .
1959) . More recently, concern for the éoﬁential effects of envitgh;‘
mental'residues‘of thesé and other chlorinatea hydrocatb&n ¢§m§ounds has '
stimulatea scientists from a wideiranQe-of d;sciplihés to‘réinvestigate
and evaluaﬁe ﬁhe interaction of these chemicéls with all ésbectg of
biological 5ystem$-(§rooks, 1974). |

For instance;:éhviropmental contamination'by chlorinated cohpounds
-vhas been implicated as ﬁhe causitiQe agent in ;he‘population declipes
of certain birds of prey (Anderson andeickey, 1972; Peakéli,‘1970;’
Risebrough et al., i970;.sfickel, 1973) . Theseldeclines are supposediy
thé resﬁlt of an altered reproéucfiok in:these‘species_possibly via

) .
eggshell thinning but the relationship between avian eggshell thinning

and environmental pollutants has not been established definitively and
the varied findings presehted in the récent comprehensive reviews by

Cooke (1973) and Jefferies (1973) illustrate the. controversy extant in



this area of research. = . . ;e
ﬂhe chlorinated hydrocarbon compound most common v assoc1ated '

w1th deleterious effects on w1ld av1an spec1es has been DDT. The.DDT

deployed in the environment is technical grade DDT, a mixture of

Ly I

’ compounds conSisting prlmarily of about 70 -80% p,r ~DDT ( ,l'—(éz% 2~
%

trichloroethylidene)bls[4 chlorobenzene]) and about 15- 20%‘) 2 ~DbT

(l—chloro— —[2 2,2- tr1ch10ro—l—(4 chlorophenyl)ethyl]benzene) (Haller
et al., 1945) (Figure 1). It is the p,p’-DDT isomer and i s-metabolitc
'p,pJ;DDE'll,l}-(dichloroethenylidene)bis{d:shlorobenzene])‘(Figure ll.
that are. the uhiduitous environmental‘contaminants thought by some
‘;‘gnvestigators to have the aforementioned_adverse effects on avian
hreproduction (Edwards, 1970; '1973). 1Interestingly, environmental
residues of o,p’;DDT havelbeen‘reported only rarely (Cooke, 1970)
although this<compound has heen found‘to.exhibit estrogenic activity in
certain avian'species (Kupfer, 19755;

-In the period 1969;1973, amid everpresent controversy, most

1nsect1c1dal uses of DDT were suspended in Canada, the United States

-

. and parts of Europe (Brooks, 1974) . Following seven months of scientific

:testimony at the Washington Hearings in 1952,3all but public ealth
uses for DDT were terminated in the United States despite the H rin'tj
Examiner (] recommendations that several other uses be continued (Anon.
1972; Sweeney, 1972). At the‘present time DDTAis used,extensively to
control malarial mosquitoes over much of the'tropical world lBrooks,
1974; Jukes, 1974)‘and while insect resistance to DDT may eventually
-llmit its effectiveness for this purpose, a suitable replacement has
not been developed yet. In certain recent.cases of‘insect infestations

ix; the United States the use of DDT has been _reguested (Anon., 1973)



Figure 1. Structural formulae for the p,p’l- and o,p'- isomers of DDT,
DDE, DDD and DDA. Asterisks designate asymmetric carbon
"atoms. ' :
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and in the case of the tuSsock;moﬁh (chmrocampa pscudotsw
Mcbunnough) in Oregon St%te, permiss}qn for use:in'l974 wa
with the stipulation that some indices of ecélogical impad
monitored ;McCluskey, 1976) .

Surpriéingly, in spite of 37 years éf'intensive resefarch on DDT,

»

its mode of action as an insecticide is still speculativeg.

.

the short term'studies of the environmental effects of DPT carried out

Similarly, ..

during the past 13 years have yielded only a limited uncerstahding of

the fate and effects of this mixture of compaunds in th biosphere. 1In

view of this general lack of knowledge of DDT and in view of its
continued use as an insecticide, further research on is chemical is

needed.

Haller et al. (1945) reported that different prefarations of

technical grade DDT were composed of varying ratios pf the .two major

components, p,p'-DDT and s,p'TbDT (Figure 1). Strangely, it was not

reported ungil 1975 (McBlain and Wolfe, 1975) that tie o,p'-DDT isomer

. o ’ .

.possesses d single asymmefric éarbon*atoﬁré;d therefpre would exist as
optical isomers (Appendix 1). Similariy, the analogs of o,p'-DDT (and
in fact metabolites (Feil et al., 1973; 1979)) o,p'-PDA (2;cﬁloro—a:1
(4;ch16rophény1)benzeneacetic_acid) énd 0,p'-DDD (l-chloro-2-(2,2~
dichloro-1- (4-chlorophenyl)ethyllbenzene) would bé racemic modifications
as well (Figure 1). Therefore more appropriéte notations for these
compounds would be (+)-0,p'~DDA, (+)-0,p'-DDD and (+)-0,p'-DDT.

'Oétical activity has beeﬁ suggeéted previously as a pioperty of
o,p'-DDT as it was theorized tha£ restficted rotation of the éromatic

rings might lead to the existence of enéntiomeric forms (atropisomerism)'l

(McKinney et al., 1974). Atropisomerism is stereoisomerism caused by a



4restricted‘rotation about a éingle'bond and is(found,'fof instance,
in certain biphényi compounds with bulky substituents (Eliel, 1962;
Kaiser, 1974). ' Often a low energy of activation is required for the
intercénv;rsion'of such isomers éna the, interconversion may be so

rapid as to prevent their optical resolution (Eliel, 1962). The

dissymmetry(afthe O,p'-DgT molecule, however, results from the presence

3 B
/

of the ésymmetric,carboﬁ.atom rather than from a restricted’rotatioh.
Recenfly the optical resolution‘of the eﬁantiomeric forms?bf
'certain asymmetric analogs of p,p!—DDT was reportéd'(Sagar et al.,
1972). The four “resolved analoés consisted of combinations of H or Br
in one para position and Cl or F in the oﬁﬁer para position. ?hé
reported gbsdlute specific rotations ranged froﬁ‘l;oo to 22.8°.
Many important bioéhemicals are opticaliy active and'exis; in thé
natural state in one enantiomeric form-ohly. Therkfore "the majority
of molecuiar biolégical processes involve ihté;%ctions between . \
" asymmetric mplecules“ (Barker, 1971). Thié preg%minance of one
énantiomer and/or the ability to utilize only one enantiomer_is the
result of enzyme séecificity within the appropriate anabolic or cata-
bolic processes. The concept of the enzyme active siFe being three
dimensional and therefore gaving'specific stgric requirements provides
an adequate explaﬁation.for the production or utilization of the énantiomer
possessing.the better molecular structure for accommodation at the
énzyme acti?e site (Barker, 1971). It may be.more appropriate, how-
.ever, to view the associatfon of the inhérently-dissymmetric enzyme
active sites with the enantiomeric substrates As the formation éf
diastereomeric complexes which are known to have "different chemical

properties, binding constants, activation parameters‘ahd reaction rates"



(Alworth, 1972) _.Hence'bioIOQioal'systems usually diffetentiate S
between the enantlomers of optlcally actlve organlc compounds (Barker,
1971) and the phenome onfiS»called blologlcal stereospec1f1c1ty
(Alworth, 1972). | |

It would seem that certain-drug and hormone receptors also have
steric requ1rements for spec1f1c molecules, as lndlcated ;for example,
by ‘the dlfferlng act1v1t1es of various estrogenic agents/w1th seemlnoly
minor structural‘diffe;ences‘(Bitman’and Cecil, 1970; Solmssen, 1945).
The.fact that the estrogen receptor is a broteén_(O'Malley and Means,
: 1974)-vand therefore inherently dissymmetric woula imply t’hat‘a stereo—
specific configuration of'the estrogen molecule could be necessary for "~
it to exhibit estrogenic aetivity; Snpport for this éoncept lies in
the finding.that tne'enantiomers ofvi7B—est£adiol tenZoate differ in
their est}ogenic activities (Meye;son,.197l). “

en testing the physiological responses of an anlmal to racemic

c ounds 1ﬁ'wou1d be desirable also to test each enantlomer 1ndepend—

ently in order to understand any observed :esponse. The tWO'enantiomers--

might act in an{identical (additive), synerdgistic or antagonistic

~ s

fashion. To evaluate the reported phy51ologlcal effects of 0,p'-DDT it
seemed 1mperat1ve to resolve its enantiomers and to test them 1nd1v1du—
ally as well as in the racemic modification. #

Racemic o0,p’-DDT has been shown to have estrogenlc act1v1ty in both
avian and mammaiian systems. _ihis—subject:has been reviewed recently
by Kupfer (1975) and Ware (1975) and the following literatnre>review
»descrlbes the development of the current knowledge of this phy51010g1cal

effect of (*)-o,p'-DDT. . Appendlx 2 contalns a tabular summary of the

experiments discussed in this literature review.



Burllngton and Llndeman (1950) were the flrst to report a hormonal

[ o

effect of DDT_ln‘anAaVLan‘system They found that p,p -DDT admlnlstered
-.to white leghorn'COCRerels resulted in 1nh1b1ted-comb and wattle.

development caused by retarded testes growth and suggested that the
. DDT had exhlblted an estrogen—llke actlon The general health of the
treated blrds appeared unalteredmsuggestlng a dxrect actlon ;nd these‘ ’
authors recognlzed the‘p0551b111ty that a metabollte of the DDT could’
have been involved: In a later study of 51m11ar cockereis it was noted
that p,p DDT d1d not alter plasma ca1c1um levels as would- have been

R G

expected if a strlctly estrogenlc effect had been obseIVed (Burllngton
and Llndeman, 1952). Also in the earller study the 51mllar1ty of
structure between the DDT molecule’ and dlethylstllbestrol (Flgure 2)
was,noted but Flsher et al. (1952) demonstrated that-the absence,of
h\hydroxYl.gxoups onrthe p,p -DDT molecule apparently rendered it -
.1nact1ve as ‘an estrogen.‘ Flsher et aZ (1952) tested‘;etrogenlc‘

!}

'iact1v1ty by the ablllty df the chemlcal to 1nduce estrus in ovarlecto— Ee

-

Ilezed rats.‘ Both p, —DDT and methoxychlor (2 2—b18(p—methoxyphenyI)-
H'l l 1 trlchloroethane) were inactive as estrogensrgutubHDT (2 Q—bzs(p—
E hydroxyphenyl) -1,1,1, trlchloroethane) (F;Lgure 2) was actlve. 'I'he
trxchloromethyl group of the DHDT molecule rendered 1t seven times '
.‘more actlve than the 2, 2—bts(p hydroxyphenyl)ethane analo (Flgure 2)
S e
p0551bly by”restrlctlng rlng rotatlon or by actlvatxng the hydroxyl
hydrogens through 1nduct1ve effects.‘ | | |
Albert (1962) demonstrated that DDT could decrease sperm produc-
"tion in whlte legho!h cockerels but: he did not 1nd1cate what 1somer or’
mixture of 1somers of DDT - he used Furthermore, Ma551%e doseé}?JOOO orl

7000 ppm 1n the feed) were- given to a small sample size (total of 7.
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birds) and toxicity symptoms developed shortly after the drop in .

sperm production was noted. . This study may have indicated only that

o

s£he dying birds were impaired physiologically.
Tfue estrogenic activity of DDT waé demonstrated conclusively'by
Levih et al. (1968). %hey found thag };Chnical grade DDT and U,D'—ﬁDT
increased the uterine wet weights in immatufe and ovariectomized fema}e
rats and that both compouﬁds-inhibitcd the uterine.uptake of estradiol-
’6,7—H3 and stimulated'élucose—U—.Cl4 uptake into, uterine lipid, protein
and RNA.. Technical grade DDT was less acpivé than 0,p'-DDT; methoxychlor
'had moderate activity; p,p'-DDT, o0,p'-DDD and m,p'-DDD were mildly
active; and p,p'-DDD and p,p’—DDE had little or no activity. Bitman -
et al. %1968) éonfirmed these findings fof o,p'~DDT and b,pt—DDT in
rats and‘demonstrated'that ﬁhe.uterine glycogen responée was a senéitive
indicator of estrogenic activit?. These authors‘also found increased
oviducal weights and glycogen levelg in both chickens and Jébanese
"quail treated withvo,p'-DDTf' The DDT treatmenﬁs were Compared.td
qntreatea controls ;s well as l?ﬁ—estradiol—treaéed animals and o,r'-
DD, o zred fo be about'l/lOOQ As éstrogenically active as the estradiol
. the .ats and‘éboﬁt 1/100 as active in the chickens and quéil.
Cooke 11970) also‘aave Japanese quail o,p}—DD% but found neither
: si@nificéntvchanggs in the weights 6f testes, ovaries And oviducts nor
significant chanées in serum calcium and 1i§ié ievels. )
In'this‘latter study the

- N
l(intramuscular) route while in the former study (Bitman et ai., 1968)

0,p'-DDT was administered by the im

AY N . . " N

the ip (intraperitoneal) route was utilized. Since all other experi-
mental conditions were comparable it is obvious that the route of "

administration for o,p'-DDT was an important factor in these studies.

Ki



€

Bitmaq et al., {1969) repofted that 100 ppm 0,p'-DDT in the diet
of Japanese quail caused a delay in the production of eggs but had no
effect on thelnumber of‘;ggé produced. °The eggs from the treated bi;ds}
were lighter and had thinner eggshells containing less calcium than
the controls. The birds were notigiven sufficient calcium in the dieﬁ,

however, and when the dietary calcium of a parallel p?p'-DDT study was

.returned to the known minimal requirement, the measured eggshell :

parameters aid not.differ from the controls {(Cecil et al., 1971b). The
0,p'—DDT experiment was. not repeated under the conditions of adequate
dietary cal;ium.

Lillie et al. (1972) found that 50 ppm of 0,p’'-DDT in thé diet of
Ehickens.for 28 weeks reduced hétchabilit& and 150 or 300 ppm for 12
weeks féllowihg 20 weeks at 5 and 25.ppm fespectively, reduced the egg
production. 'fhese latter treatments did not altér mortality, fertility,
ﬁatchability or progeny growth. 1In the same experiment the egg'weights.
and’eggshell characterisﬁics of thickness and calcium content were
unaffected (Ceci' 2t al., 1972). Thus, o,p'-DDT, in thé,laboratofy

‘

studies conductcd, was ineffective in producing reproductive abnormali-~ ,

- ties in. these birds’except in cases of relatively high doses. ~These
- findings are similar to those for technical grade DDT and p,p’'-DDT

'although variations in results exist both among and Qithin:species

(Cecil et al.f 1973; Cooke, 1973; Lillie eﬁ al., 1973; Scott et al.,
1975) . | |

ﬁelch et al. (1969) preiented the data of Levin et al. (1968) in
more détail and observed that pretreatment df rats with éarbon tetra-
chloride decreased the uterotropic aééion of 0,p'-DDT suggesting that

hepatic conversion to an active metabolite (perhaps a hydroxylated
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derivat;ve) was neceésary for estfogenic activity. The DDT and its
analogs were administered, however, by ip injections in DMSO (dimethyl-
sulfoxide). Work with p,p’-DDT in mice in this laboratory (Lewin.gﬁ

: ”~
al., 1972) has°revealed that DMSO may disperse rapidly to leave p,p'-
DDT in the coelom; therefore the active doses reported by Welch ez al.
(1969) should not be considered definitive. Additionally, Welch ¢t al.
(1969) had reported that technical grade DDT administered.to rats at |
50 mg/kg ip in DMSO was mainly effective as an estrogenic agent becéuse
of its 0,p'-DDT content and that its maximal uterotiopic effeet
oceurred at 6.hours. Singhal et al.” (1970), however, fqund that im
injections of 100 mg/kg o,p'-DDT in corn 0il gave a maximal uterotropic
effect in rats in 16 hours. This latter time factor was similar te the
18 hr response repo;tea by Ceeil et aZi(l971a)for sc (subcutaneous)
injections in olive oil but both the solvents and routes of edministra—
tion undoubtedly affected the apparent eimes of response togthebo,p'-.

DDT. Singhal et al. (1970) also reported that o,p'-DDT-induced

increases in uterine carbohydrate enzymes {phosphofructokinase, aldo-

" lase, hexokinase and pyruvatekinase) were similar to those found for an

L

active estrogen and were related to RNA and protein. synthe51s. It is ) l

noteworthy that o p '_DDT and 17B8-estradiol acted in an addltlve fashion
while o,p'-DDT and progesterone were antagonistic in uterotroplc and
enzyme‘inductive activities.

Oral administration of 50 ug of o,p'-DDT to rats daily for 15

:days caused an early vaginal opening similar to that found for 178-

estradiol but the estrogen-sensitive uterine parameters of wet weight,

water, glucose and glycogen levels were unaltered (Wrenn et al., 1970) .

In the same study it was found that up to 2.5 ppm 0,p'-DDT in the feed



-

. in the uteri of treated ewes (Wrenn et al., 1971a)

of rats from parturition to 168 days of age caused no changes in the

above-mentioned parameters. In both cases, however, less DDT was

» i

anlnlstered than in the aforementloned 1nvestlgat10ns and a later

study was de51gned using larger doses (Wrenn et aZ.,>197lb) L\;letary

o,p'—DDT at levels of 1, 10, 20, or 40 ppm; however, still did/not

r

alter the age at vaglnal opening. Also after'three“weeks on the 10, .

20 and 40 ppm 0,p'-DDT- splked diets the percentage of water ln the

uterus was lowered but such parameters as body weight, ovarian weight,

v /! .
uterine weight, uterine glycogen angd uterine glucose were unchanged

" and all of these parameters were unchanged at 10, 14, 18 and 23 weeks

of treatment at all the levels of o,p'—DDT tested. It would seem that

the rats jnay have compensated for the DDT treatment by an increase of

metabolism and/or excretion through hepatlc microsomal enzymeilnduc—

tion. Similarly, a dietary dose of 10 ppm of 0,p-DDT did;hethaffect

the relative amount of endometrium, glycogen, glucbse or water levels

® -

~

Bltman and Ceg;l (1970) tested 53 compounds for estrogenlc activity
as measured by an 18 hour uterine glycogen respon;e in rats. . Activity -
was measured as the minimum dose effective in changing the'glycoéeu.
levels significantly from those of the c%ntrols. biethylstilbestrol.
was effective at 0.1 ug whereas o,p —Dg?, the most active DDT- type‘
\compound was effective at 0.25 mg, a 2500-fold dlfference in activity.
It was sugdgested by structure-activity correlatlons that a hydroxylated
metabqlite of Q,p’—DDT was the estrogenieally active chemleal although
this metabolite_uas neither recovered froﬁ the%rat§_hor.synthesized
and teeted for'activity. The sample.sizes and etatistieal tests used

&

were not revealed,

14



( .

Cecil et aLKl971a), apparently using some of the data of Bitman

v

.and Cecil (1970) reported the minimal effective estrogenit dose Qf .
o;p"-_-DD’I; in rats to be 0.4 mg, about 10,000 times that of diethylstil-
bestrol ér 17B;est£adiol. The maximai dte;ine glycogen response to
o,p'_PDT was achieved after abouf 58 hours and like l78—estr§diol‘the
effect could be blocked by a known estfogen antagonist (MER-25)
suggesting similar uterine receptor sites for ;he chemicals. Admini-
s;ratién of the o,p'-DDT over 3 and 7 day periods by the oral (up to
1000 ppm in the feed) and sc routes did not result in.the same maximal
élycogen'responsq‘observed ét 18 hours for single sc doses'qf o,p'-DDT.
The 17B-estraaiol elicited maximal glycogén fespoﬁses for both the
singlehand multiple doses..-The‘;uthofs suggested that for the 3 and 7
day studies the liver enzyme.systems may haQe been'metaboliziné the

o,p'-DDT rapldly enough to leave an insufficient amount to elicit maximal
.estrqqenic responses. Doses of 250 or 500 ppm o p -DDT in the feed |
did‘appear to affec£-the uterine wet we;ghts and glycogen contént
}alth;ugh'a statisticai analysis.of the daﬁa was not éresehtea.

The uterotrapic activity and advancemeﬁt of Vaginal'opéning by 7
day oral doses’of 0,p{—DDT in #ats was Confi?meé.ﬁy Clement énd Okey'

4

(1972) .. Doses of 500 ppm or mare of o,p'-DDT invthe feed caused
advanced vaginal open;ng while 1000 ppm or‘moré affected the uterine
parameters of wet weight,_dry'wgight-and glycbgen éontént.

Gellert et al.)-(l972) reported fhat o,p'—ﬁDT and‘p,p'-DDA were
active estrogens whhile O,p}-DDD and o,p'-DDE were inactive. Thg
compounds used in this study were administered ip in DMSO and the

possible effects of this vehicle on the release of testAcompounds

have been mentioned above. Serum LH (luteinizing hormone) levels were
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reduced by o p'- Dfl‘ﬂreatment of ovarlectomlzed rats but serum FSH
(folllcle stlmulatlng hormone) levels were unaffected

In another study using rats the uterotropic activity of o,p'-DDT

was confirmed and the uterine wet weight increase at 6 hours was

T — !

attributed to endometrial edema.‘ By 72~hdhrs endometrial and
myometrlal hypertrophy and hyperplasia and to a lesser extent, inter-

stitial edema, were evident (Duby et ali, 1971). The o,p'- DST dld not
maintain uterine)weights 14 days after ovariectomy in rats given a 175
day treatment'of 3 ppm of the chemical in the feed perhaps because of
the low dose and hepatic hydrokylase inductron.‘ The o,p'-DDT did have
a uterotroplc effect in both normal and’ ovarlectomlzed mink.

Van Tlenhoven and Duby (1972) suggested that in the prevmous
reports of the estrogenlc activity of o,p '-DDT the results could have
been caused by altered endogenous ster01d metabolism through hepatlc
hfdroxylase induction exceptlln those studles u51ng ovariectomized
animals (Cecil et;al;l 1971a ; Gellert et al., 1972; Singhal et a}i,

1970; Welch gt al-» 1969). Van Tienhoven and Duby (1972) prevented the

implantation of blastocysts in rats by a treatment of medroxyprogesterone—

acetate and tested the p0551b111ty that o,p.—DDT could induce 1mp1anta—
iions as was known for 178-estradiol. The result'for o,p "-DDT was
negative. Moreover, o,p'-DDT did not affect the'incidence of implanta—
tions in pregnant rats. These authors concluded that o,p"DDé did not
possess all the attributes of a_potent estrogen at doses up tO‘ZO,QOO
times that of 17B- estradlol. |

Subcutaneous 1nject10ns of 1 mg o p -DDT on days 2, 3, and 4 after

' birth in newborn female rats resulted in a decreased time to vaginal

opening and first estrus (Heinrichs et al., 1971). Following several

<&
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_normal -estrus cyc}ee'a pereistent estrus syndrome developed in all

- treated rats. This syndrome is.ebeerved wnen either estrogens o}
androgens are administered te neonates and the authors suggested that
some aspect of hypothalamie LH had.peen altered by the 0,p '=DDT .treat-
ment. TreatedArats also exhibited a lesser uterotropic respense to
subsequent ddses of'estradiol, prdbably because the number of availab]e
uterine estradiol receptors was decreaeed in. some way. This decrease
may have been an effect of an altered horﬁonal balance because of tne
syndrome, rather than.a direct blockade by o,p’-DDT, since no o,p'-

DDT or its metaboiites were found inuovaries, brains 6r fat samples of
treated animalst Later work by Gellert et al. (1974) demonstrated that
an ip dose of 0,p'-DDT as low as 0.1 mg on days 2, 3, and 4‘after
ﬁarturition could induce early vaginal openiné and persistent vaginal
estrus inyinjected females but this group as well as Campbell and
Mason (1975) reported that neonatal injections of up to 3 mg had n%h
effect 1n male rats w1th respect to testicular weight or, hlstolog;“’ A
sc dose of 2. 82 pmole (1.00 mg) of o p —DDT on days 2, 3, and 4 after
birth of male rats was found to be 1neffect1ve in alterlng the neonatal
1mpr1ntang of hepatic ste:oid metabolism’ (Gustafsson and Stenberg,
197e6) . | )
Oral treatment of pregnant female rats with o sp'-DDT in an attempt
- to prov1de a.natural exposure of neonatal animals to the chemical
induced ovulatory abnormalltles only in cases of very hagh doses of the
compound (Clement and Okey, 1974) | In this study lOQO ppm of o,p'-DDT
in the feed of the dams was effective in altering the reproductive
performance of female'progeny.while 20 and 200 ppn treatments were

.

ineffective. Sihilarly o,p'—DQT given by gavage at 10 mg/day for days
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15-19 of pregnancy was without effect on female.progeny (Gellert and
Heinrichs, 1975). It would seem Qﬁlikely that environmental ex§05ure
to o,p’-DDT could approach the levels necessary to affect neonatal
hypothalamic deveiopment {(Clement and Okey, 1974). Technical grade

’ . q\ B :
DDT at 75 or 150 ppm in the die:\BT mature rats did not affect the length

"of estrus cycles and although the 150 ppm diet was reported to alter the

production of young (Jonsson et al., 1976). the sambie size (3) was too
small for the result to be considered significant.

poses of 50 or 100 mg/kg p,p’'-DDT ip did decrease tﬁe perceﬁtage
of implanted ova in mice possibly by altering steroidal‘meéabolism
(qpti—estroéenic effect (bélow))’(Ilndburg and Kihlstroém, 1973). In‘'a
similar study thé percentage of implanted ova was‘decreaSed inhmated

a .

mice only when both the male‘and female had been exposed neonatally to

.

technical grade DDT by suckling DDT-treated dams but not when only one

. of the .mated animals héd been exposed (KihlSﬁrém et al., 1975).

The ability of 0,p’-DDT to in some ways mimic estrogens is termed

an estrogenic effect while the ability of p,p'-DDT or o,p'-DDT to
activate liver microsomal enzymes and thereby cause excessive endo-

gehous steroid metabolism may be called an anti-estrogenic effect

(Ciement and Okey, 1972). These authors found that 100 ppm p,p'FDDf
in the feed of rats delayed'est:adiol-stimulatedvQaginal opening and
as little as 50 ppm 0,p'-DDT decreased ésfradiol—stimulated uterine
giycégen levels. Orberg et al. (1952) found that p,p;-DDT could
lengthen ;he estrus cxcles in mice. These effects are anti—estrogenic

in females and may occgﬁ‘xﬂy'because‘the_hepaticnmiciosomal_enzyme

N

and endggenous or exogenous steroid levels have not equilibrated

(Fahim et a;., 1970). Similarly, induction of these enzymes may



have indirect estrogenic effects in male animals by_altgring androgen
metabolism. The o,p'~DDT is not only esfrogcnic but through its
ability.to activate hepatic microsomal enzymes (below) it may élso'act
in an anti-estrogenic fashion.

The activity of hepatic microsomai enzymes may be elevated by the
"administration of several chemicals including DDf and its analogs.
Thi; induction occurs both in mammals (Street, 1969; Cénney et dl.,
1973) and birds (Abou-Donia and Menzel, 1968c; Nowicki and Norman,

1972; Peakall, 1967) and involves a de novo syntheéis of mixed func-

tion oxidase (hydroxylase) enzymes.

Most of the early work involving hepatic microsomal enzyme induc-

tion by DDT has involved either technical grade DDT or pup'-DDT but
recent work has included 0o,p'-DDT. Bitman et al. (l97ib):me;sured

. the effectiveness of o,p;—DDT and p,p'-DDT as microsomal étimulators
in rats and quail by observing changes in pentobarbital-induced s leep-
ing times. 1In rats o,p’-DDT was less effective than p,p'-DDT in
reducing sleeping times while theiogp'- and.p,p'- isomers.éf DDE were
‘more effective than either DDT isomer and the o,p’'-. and p,p’—isomefs of
DDDwere the leaSt effectiye. Relative to'the.p,p'— isomers all.of-the
o,pf— isomgrs were present in low quantitiés in body lipid indicating
a rapid metabplism and/or excreﬁioﬁ. ;n contrast, the pentobarbital-
induced sleeping times of Japanese quail were increased by both é,p'—
ana p,p'-DDT administration prébabiyhbecause of the competitive méta¥
bolism of DD? and pentobarbital and once again the relatively rapid
métaboli;m of the o,p'~DDT was réported. |

Abernathy et al. (1971) 1nvestlgated the 1nduct10n of hepath

ml{Qosomal enzymes 1n mice by severai ‘DDT-related compounds u51ng
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NADPH oxidation, cytochrome P-450 level and aniline hydroxylation as

indices of mixed function oxidase -activity. The o,p'-DDD did not

affect the measured microsomal indices but v,p'-DDT significantly

altered them although it was less potent than p,

p'-DDT. In vivo

treatment of chickens with o,p'jpDTyincreased the in vitro microsomal

metabolism of testosterone, 4-androstene-3, 17-dione and 178—éstradiol

(Nowicki and Norman, 1972). Dogs treated with o,p}—DDT rapidly

converted it to o,p'-DDD and one of the two chemicals induced an

increase in liver microsomal activity (Copeland

and Cranmer, 1974).

The activated liver microsomal enzymes metabolize DDT and its

analogs as well as the endogenous steroids. The metabolism of p,p'-

DDT has been investigated in both avian (Abou—Donia and Ménzel, 1968a;

Bailey et al., 1969; Ecobichon and Saschenbrecke
1974) ‘and mammalian (Fries et al., 1969a; Menzie

1967) systems. 1In general,_p,pf—DDT is converte

'p,p'~DDE (Figure 12 by separate pathwayé. Most\

[

excreted directly or metébolized'thrpugh several
soluble-p,p'-DDA (Figure 1) . The‘p,pf—DDE is no
although hydroxy metabélites»of p;p’—DDE have be
(Jansson et aZ;U 1975; sund£tr6m et al., i975).

DDT may be excreted or stored in fatty tissues.

r, 1968; Menzie, 1969;

, 1969; 1974; O'Brien,

d either £0\P,p'—DDD or

of the p,p'-DDD is
intermediétes to water

t metabolized as'readily

en identifieq re;ently

Unmetabolized p,p'-

1

The metabolism of o,p’~DDT in birds and mammals has not been

investigated as extensively as that of p,p'-DDT

and has generated some

controversy. In 1964, Klein et al. reported a conversion of o;p’—DDT

to p,p'-DDD and p,p'-DDT in rats and later suppo

findings (Klein et al., 1965). Ecobichon and Sa
: : . i |

"found a similar conversion in chickens as did Fr

sedly confirmed their
schenbrecher (1968)

ench and Jefferies (1969)

L]

G
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in pigeons. Bitman et al., (1969), however, found no conversion of |
o,p'-DDT to p,p'-DDT in Japanese quail but reported that a 0.4%
Zontamination of their o,p’-DDT by p,p'-DDT would havé accounted for

P

p,p'-DDT in their o{p'FDDT—treated birds. Lamqnt"et al. (1970) work-
ing with.mailarq dpcksvand Wrenn el aZ.‘(l971a) using sheép‘als;
reported no conversion .to p,p'-DDT in their 0,p'-DDT~treated ani@als;
this latter research groﬁp theréfore.designedja-study tb ascértain
whether o,p'-DDT was isomerized to p,p'-DDT in sélectea biological
sysgems.' - v‘ ( 8 . ;‘;

It was.fdhnd's;bséquently that p,p'-DDT was an iﬁpurity in
commercial O,p'—DDT samples at ;evéls ranging from 0.4-1.3% (Bitman
et al.; 197l$;b). This éontamiﬁatién was“adequate~to account for the
levels of ;:prDpT found in réts,.sheep}‘chickehs andvquail fed o,p'~
'DDT. Therefore no conversion to p,p'-DDT in these ;pecies was needed
tb account for the p,p'-DDT found. Pure o,p'-DDT igdlated by colum;_

_ e S ~ .

. chromgtography,gave'p,p';DDT-leYels in rats comparablg oniy to those
in coﬁtrbls and ra@iqactivevo,p'—DDT did not give ;ise to radidactive‘
p,p’-DDT (Bitman et al., 197la; Cranmer, 1972). Therefore it was \ﬂ*\

.concludéd ﬁhat contamination of o,p'-DDT by p,p’—DDT had led the
earliér workers to concluag incorreétly that a convergion of o,p’—DDT
to p,p'-DDT had takgp-placé. The 0,?'—§DT was metaboliz;; and ex@reted
much‘more'fapidly‘than the p;pf—DDT and therefore the p,p'-DDT and its

'mepabolites had.aécumulated_td érrelatively greaﬁernex ent (Bitman
et al., 1971a). |

_’Japanese quail also were foupd to metapolize o,p'fDDT ?aster'than

- p,p'-DDT (Bitman et al., 1969) as did mallard’ ducks (Lamont et al.,

1970) and man (Morgan and Roan, 1972) . This felat'Jely rapid
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metabollsm was thought to expla;n the apparent absence of o p '-DDT
»and its metabolltes from w11d11fe tlssue samples and from anlmal

tissues in laborato studles employlng technlcal grade DDT (Cooke,

1970) .
The relatlvely low acute tox1c1ty of o p'-DDT compared to that
for p,p —DDT found in both blrds and mammals (Brownlng et al., 1948;
- Ecobichon and Saschenbrecker,'l968- Glll et al., 1970; Okey and Page, -
1974) ‘may reflect its relatlvely more rapld metabolls; and excretion by
“these animals (Bltman et aZ 197la). Thls latter group emphas%zed the_
technlcal problems 1nvolved in the separatlon and 1dent1f1catlon of |
i mlxtures of the various o,p’- and p,p - derlvatlves of the parent DDT
.conpounds Only- the recently developed analytlcal technlques have
allowed for a more complete description of the metabolism of o,p' -DDT -
(Feil et aZ., 1973; 1975) SR f .t | o
Kleln et aZ. 41964) fed rats 0, p —DDT and analysed the llver for
'residues but reported o,p -DDTvas'the only 0, p'h compound‘present.
dMendel et al. (1967) reported the conver51on of o, p -DDT to o,p’ -DDD by
- Aerobacter aemgenes but the: total of these two compounds recovered was

less than 80% of the orlglnal o,p '-DDT suggestlng the p0551b111ty of

other unidentified metabolites.' Rumen mlcroorganlsms slmllarly converted

0,p'-DDT to o,p -DDD (Frxes et aZ l969b) . S

Apparentlx when fed ‘to pigeons, 0,p. -DDT ‘was metabollzed and

excreted since its$ levels in llver, muScle and fat tlssues all decllned
| .

with time but no’ metabolltes were found (French and Jeffrles, 1969)

'>,A post mortem conversion to o,p" '-DDD was found however, An the livers
“and muscle of these blrds. Rats fed o,p ’-DDT have both osp —DDT and

"o N2 —DDD present in body fat (Bltman et aZ.,‘197lb Cranmer, 1972) and

R
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pigeon liver preparations also ¢an convert o;pj~DDT'to o,pVQQDDU'\
(Hassail and Manning, 1972) . | D o ; ' .f: o ;// :
The first detailed analvsis of the metabo;ism of a sindle‘oral
dose of 0,p'-DDT in the rat‘resulted not only'ingthe identification
of o,p'-DDD as a metabolite of ogp'—onT but alsd“é,p'~DDA and several
hydroxvlated and methoxvlated derivatiVesrof each gf these compoundS»
(Feil et-al> 1973) A later study using‘chickens revealed o,p'4DDE
as a further metabollte of O,p - DDT (Feil et aZ., 1975) but in both
this and the 1973 study metabollsm of the o,p'-DDT by gut mlcroflora
was probable gince the metabolltes were lsolated from urine an feces'
fThe est;mation-that'each metabolite represented only 1-3% of the
horiéinai dose ﬁould'suggest that if one of the:metabolites-mas the
'-:actlve estrogen rts potency mlght be more comparable to that of 178—
estradiol. Slmllar hydroxylatlons of- PCB s (polychlorlnated blphenyls)
f(gntzinger ethalf,'L972; Jensen and Sundstrdm,_1974),pp;p fDDE,(Sund-
_stfam éi dZ.;:19§5) ané-aieldxin (KrampitZ'and Hardebeck, 1973) in-the
',rat have been observed as well o | |
Zeltoqn and Makar (1973 a; b) reported that pretreatment with SKF
 525-A, a known mlcrosomal enzyme 1nh1b1tor, 1ncreased the uterotroplc
activity ordo,p -DDT in rats whiievphenobarbltal,‘a mlcrosomal enzyme
induoer hadhno effect_on thisvparameter. Thereforé, they suggested
that . o;p ;DDT dld not act via an active metabolite in contrast to
prev1ous suggestlons (Bltman and Cecil, 1970; Welch et al., 1969) that
a.hydroxylated metabolite ‘was involved. Zeltoun and Makar (l973b),
however, have 1gnored their own statlstlcal flndfngs in reportlng a

reduced uterotroplc act1v1ty and as well they suggest nalvely that a

conversion of o,p —DDT'to p,p'~DDT may have been ;nvolved in thelr



study.

Binding to rat utetine estregen . :ptdrs hasAbeen investigated
for 0,p'-DDT and a number of its analogs (Forstert‘f ai., 1975; Nelson, .
1974) . The in vitro inhititipn of 3H—estradiol binding by these

j
compounds was correlated to their 7n vivo ability to increase uterine
;

wet weights suggestingrthat o,p’-DDT_itself and not a metabolite may
have beeh the aetive estrogen.

.Technical grade DDT was found to inhibkﬁntbe uptake‘of testo-
sterone by the prostate glands of_ﬁice‘pOSSibly via microsomel enzyme
induction altheugh receptor site competition éay have been involved;
eimilar‘ameunts of the DDT were not directly estrogenically active in
femele mice ?émith ef al., 1972; Lloyd ef al.( 1374). Wakeling and

Visek (1973) reported that,o,p’—DDT;ﬁnﬁibited the in vitro binding of

//SE:Bihydrotestpsterone to specific recéptor proteiﬁs in the rat

prostate gland, supporting the receptor site competition'theofy.
In spite of its.widespread dispersal as a component of technical
grade DDT, the apparent absence of o, p'-DDT from environmental sampies

(Cooke, 1970) would seem tqf&ndlcate that its estrogen1c1ty would not

A
\"

have a long term effect on wildlife populatlons. This may be an over-

‘

'simplification of the situation. The inability to isolate o,p’'-DDT and

its metabelitescfrom environmental samples has been attributed to its

rapid metabolism-(Bitman et al., 1969; Fries et al., 19694), however,

o

the possibility that undetected hydroxylated hetabolites of o,p'-DDT"

(Feii et al:, 1973;'1975), with urik nown physioiogical effects, could
be present ‘in w1kd11fe exposed to technlcal grade DDT cannot be excluded -~

. at the present time. Hydroxy metabolltes probably would be lost usxng

o
W A

,the:rdutine proéedutes for sample cleaﬁup during pesticide‘residue

. o
; . ) L I
R . - 18

24



o
‘analysis and would be undetected oy4conv5ntionel'gas iiqdid chromato-
graphic techniques. Unfortunately, beither the effects nor the ulti-
mate fate of o,p'~-DDT end/or its metabolites in the environmcntvheye
“been delinecated.

In an attempt to gain further knowledge of the chemistry and
estrogenicity of o,p'-DDT the present study Qas designed with two
major objectives in ﬁind : the resolution oflthe optical isomers of
0,p'-DDT was to be carried out; and the resulting enantiomers were to

be tested for their relative estrogenic activities in mammalian'and

avian systems.

Since p,p'-DDA has some estrogenic activity (Gellert et al., 1972)

it was of intereést to 1earn whether.o,p'—DDA was en active estrogen
and if its enantlomers dlffered in activity. while‘o,p’—DDAfwas
‘prepared earl} in the 1nvestlgat10ns of the chemlstry of DDT and its
analogs (Cristol ‘and Haller, 1945) its asymmetry has been described
only recently (McBlaln and Wolfe, 1975) | L | |
‘Q, Racemic o,p '-pDD 1s used in the treatment of Cushlng s’ syndrome

and adrenocort1d4; carcinoma tAopendlx 3i ﬁoffman and Mattox, 1972;
Lubitz.et al., 1973; Sizonenko et al., 1974 Straw and Hart, 1975)

\

The main deterrents to 1ts use are the tox1c side effects produced by

the hlgh doses requlred to_ oEtaln clinical responses. Thls problem

A,
)

mlght be overcome if one enentlomer is responslble for the observed
beneficial effects of the drug and alone is not resoon51b1e for the
toxic side effects. ‘Therefore the resolution of o,p 14DDD could have '
an 1mmedlate and important practlcal appllcatlon., While-the resolu-

tion of o0,p'-DDD was not attempted as a part of this research pro;ect

it was hoped that a method useful for the resolutioq of o,p -DDTHmlght '

4
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be applicable to medically important “'—DDQ.

" Two reviéws dea}ing with éhe resolution of raéemic compounds
(Boyle, 1971; Wilen, 1971) aé well aé a 'list of compounds previously
rgsolved (Wilen, 1972) were cénsulted to fina an appropriate route for
the resolution of (t)—o,p'-DDT.

Louis Pasteur first resolved tar£aric acid by discovering that
the énantiomers of thé.sodium ammonium salt; crystallized differently
from "dilute solutions™ (Alwo;th,‘l972). AThe crfstallization method -
of optic;l resolution is still useful bgt simple crystallization of
0,p'-DDT would not haQe‘resolved the enantiomers since the crystal

structure revealed in-a report by DeLacy and Kennard (1972) indicated

that 'the o0,p'-DDT crystals had a centre of symmetry and therefore the

two enantiomers would not have crystallized differentially (Cowie, Dr.
L IR

M.; personal commun.).

A biological (enzymatic) optical activation or resolution was

not attempted beécause known systems of enzymatic reactions or preferen~

tial biolséica; degradations ihdicatingjatfleast paftial'resoiutions

for o,p'—DDT'have not been described. Such systems may be dgveloped'
v;ith the récognipioh of Opticai activity in this.comp‘ound. F‘or'; |
examplé} the high rate of métabolism of o,p'-DbT relative'té‘p,p’rDDT

(Bitman et al., 1969; Fries et al., 1969a) to- various derivatives (Feil

et al., 1973; 1975) may allow a fécile isolation of optically
B .- . \

1"Optical activation is the most general term describing methods
- for securing oge enantiomer of a compound in excess of the other.
Optlcal resoluSXez-refers to optical activations which originate with
racemic compoundsy¥ Enzymatic optical activation refers to "bio-
chemical asymmetric synthesis and asymmetric destructlon, - The latter
is properly a resolution" (Wilen, 1971). ) :
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enriched parent compounds or metabolites. Also,vthe DDT-dehydro-
.chlorinase enzyme system from the house fly and/or mosquito could be
invostigated for a partial resolution oﬁ o,p'QDﬁf. In most cases
enzymatic of'biological optical resolufions soffer from two disadvant-
ages : the resolution méy not be complete and therefore give low
optical Rurity only; and bhe opfkcoi isomer only would be isolated if
an appropriate biological sysoeo could be utilizéd.

| The 0,p'-DDT molecule does not‘ZOotain a>;eactive functional
group or "handle.” Therefore neither.resolution by kinetic methods,
utiliziné enantiomeric differences in ?eactions with chiral reégents
'_(Boyle,‘197lf, nor chromatographic resolutions,‘ut;lizing differential
dlastereooer formatlon on a statlonary subs£rate (Karger, 1967; Loch-
‘miiller and Souter, 1975), could be used. AAstereospecific synthetic
route involving an optically active precursor wasinot feasibié since
the condensation reaction giving rise to DDT creates the asymmetry of}
the carbon atom and chiral precursors are not involved (Adams et al.
1967; Brooks;'l974); Similarly: an asymmetric synthesis2 for this
'typefof cohpound has not beenAdescribed.previously (Morrison and
Mosher, 1971; Scott and Valentine, 1974).

Therefore, the resolution of o,p’ ~DDT was attempted v1a

:‘dlsastereomerlc éélt foroatlon, the most .commonly used of all resolu;

tion téchniqhes. The literature regarding this technique was reviewed

)

2An asymmetrxc synthe51s is “a reactlon which an. achiral unit in
an ensemble of substrate molecules is converted by a reactant into a
chiral unit in such a manner that the stereospec1f1c products are
produced in unequal amounts“ (Scott and Valentine, 1974).

.



by Wilen (1971) and the method typically involves the resolution of’a
racemic base by an optically pure acid and uicéyversa élthough other

classes of compounds such as alcohols may be resolved similarly. The

i3
.

resolution of o,p'-~DDT by this method is described below (see Materials
and Methods).
Thls optical resolution of (¢)-o0,p'~DDT was considered important

for four reasons: as a component of technical grade DDT, © p DDT is

currently being 1ntroduced into much of the world's biosphere and until ¥

its estrogenlc effects and env1r0nmental fate are understood, effects
.on wildlife cannot be ruled.out; if the enantlomers were to exhlblt
differing estrogenic activities this resolution would provide the
opportunity for‘furtheriog the understanding of the chemistry of
estrogens and their molecular steric ;equiremoqts;-from a strictly
academic pointon'view this original resolution would yield further
knowledge of the chemistry of.DDT;-laStly,.the_resolqtion :oute~might
be applicable to (x)-o,p'~-DDD.
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MATERIALS AND METHODS

CHEMICAL

jThe resolution of the enantiomers of O,p'—DbT was undertaken.via
the ﬁechnique of diastereomeric salt formation. Since the o,p’-DDT
'molecule did not contain an activevfuhctional group to allow for a
direct salt formatlon, it was necessary to 1ntroduce such a group to

the molecule. - Elther an acidic or basic group could have been added

‘to the molecule and consideration was given to both approaches.

A}

Purification of (*)-0,p'-DDT

, The relative expense of .pure (+)-0,p'-DDT led to the isolatidn of
\ , .
the compound from technical grade DDT. The technical grade material

]

was generously supplied by M. Sobelman.of‘the Montrose Chemical
Corporation of California and consisted of - about 18.5% (+)-0,p'-DDT.
by gas 1iquid chromatdgraphic-(GLC) analysis, withbthe major component
belng p,p’ -DDT- '
The GLC- used was a G;rlan Aerograph Model 600- D operated at 185 Cc
with a 1.5 mx 3.2 mm O.D. pyrex glass column packed with a 1l:1 mixture
of 10% DC200 and 15% gF-1 on Anakrom ABS (60-80 mesh). The carrier gas
~ was N_ and the detector a 250 peurie tritium source eleceron capture

2
(EC) system. DDT standards were obtained from the U.S. Environmental

¢
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Protection Agency-iéPA). Fractional crystallization 6f'9 kg of the
technical grade DDT from ethanol, pentane and methanol (Haller et al.,
1945) led to 516.9 g (*)~0,p'-DDT containing about 1.3% p,;'-DDT. This
- pu;ity compared favorabiy'with that of‘suPposédly.99+i pure commercial
preparafions éf (t)—o,p';DDT where GLC.angines revealed p,p'-DDT
contaminatiaon. ranging from 2.0 to 2.5% in three individual‘sampleé.,
NO attempt was.made to improve tﬁe yield of‘raceﬁic O,p’;DDT because
of the eéﬁelof'prepa;ing such large quéntitiesf‘ Analysis on a Pefkin—
Elmer‘l41 photoelectric polarimeter revealed that the isolated Q)p'—
DDT was r;cemib. vThe melting points reportéd in the Experimental

. sectién (Appéndix 1) are‘uncorrected and the elemental analyses were
éatried ;Lt in the Depaxtment‘of Chemistry at this University. The

NMR (Nuclear Magnetic Resonance) instruments used were a Varian A-60

or A-56/60 unless specified othérwise. = o

%

AM&noSﬁlfonation of (+)-o0,p'-DDT

Inttoductiqn of a $ulfohic acid group to the (t)-o,p'-DDT
molecule was carried outxusing a method similar to thé? ogtlined by
Trojna and Hubacek (1958) for 2,2,2-trichipfo—1,l-diphenyléthane. .
The prpduct (the sodium salﬁ.of the sulfdnic acid)‘was véry bale
yello?vand cryStélline; Its high solubility in water, émulsion;fofming
properties and bePZQIthiouronium salt forma;ion kVogé}, 1967) were
~chara¢teristic of sulfonic acids in general. Thin layer chromatography
.(TLC) on silica éel G u;ing_hexéne{ chloroform and methanol (3:2:1
regpectively) as the §olvent system (recommended for polar DDT

derivatives by Abou-Donia and Menzel (1968b)) gave only one migrating

. spot. Furthermore, an MMR spectrum revealed an increased deshiélding

.
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of the ortho proton on the 0-Cl ring (Keith et al., 1969; McKinney
et>aZ., 1974) by the —SOBNa eubatitution which indicated that the
-product was l—chioro?Z—[2,2;2—trichlorb-1—(4—chlorophenyl)ethyl]ben—
zene—4jsodium sulfonate. A.sharp-doublet was not obtained for this

proton in the NMR spectrum, however, possibly because the salt rather

than the free acid was analysed.

Attempted desulfonation of (i)“SO3Na‘O,P"DDT

Although sulfonation reactions are usually reversible (desulfo-
nation) and the ease of desulfonation varies directly with the ease of
sulfonation (Morrison ‘and Boyd, 1967) it was not possible to desulfo-

nate the monosulfonated (*)-o0,p'-DDT.

The first desulfonation attempts were carried out in 37% HC1l at
(e} . . ' : o’ )
10°C temperature increments ranging from 40-100 C. ' Further attempts

were made in dilute (30%) and concentrated (70%) HZSO4 at'temperatures

of 80°C to the boiling points of the solutions. The latter of the:

attempts also involved the utilization of superheated steam (230°¢) .

-

TLC and GLC analyses revealed.that no (+)-o0,p’~DDT had been

produced in any of these trials. The Héso4,solutions darkened with

treatment perhaps indicating further sulfonation of the DDT molecule.

Dr. H. Cerfontain (personal commun.) suggested that this desulfonation

'probably‘wouid not be feasible in view of the difficulty in’desulfo—

natlng chlorobenzene sulfonates but recommended attemptlng it in
14

H3PO4 accordlng to the method of Setzkorn and Carel (1963) This.’

'technlque also failed to regenerate (x)+0,p"'- DDT It would seem that

the relatlvely low volatility of (%)-0 p '-pDT (Spencer and Cliath,

!

1972) might have,prevented it from escaping from the‘HZSO4 solution



"before it was resulfonated. It is possible that acidic conditions

strong enough for desulfonation were obtained only in the case of the
. [

concentrated H2564 and that resulfonation under these conditions was’

favored also.

Mononitration of (i)-o,p'—DbT
Thelfailure to introduce and remove the sulfonic acia group from
tﬁe (i)-o,pf—DDT molecule léd to the search'fot an alternative "handle"
for salt formation.- 'Both‘ dinitro (Fo.rrest et al., 1946; Haller et al.,
1945) and mononitro éerivativesAof the (%)-o0,p'-DDT were produced,
‘reduced to their correséonding amines and coppled with optically pure:
:acids (Appendix 4). THe re§olution was effected via the mononitro
«erivative (Figure 3).
bThe (t)1p,p'-DDT was mononitratedAusing a modificatién é . .the
method of Sparks.(l966) for chlorobenzene1 The'fesultant reattion

mixture contained five p;oducté as well as the parent compound (Figure

4). Monitorihg the progress.of the nitration reaction on TLC revealed

that products I1 (1 chloro-2-{2,2,2~trichloro~1-(4- chlorophenyl)ethyl]-;

4—n1trobenzene) and ii (Flgure 4) were %he first to appear and were
followed by compound iv and finally small amounts of compounds.iii and
v 6f Figure 4. From NMR spectta the dhique resonance of'the'orth&
proton on.the'o-Cl ring.pf o,p'-DDT (Keith et aZ.,.1969;~McKinney
et aZ., 1974) was an excellent 1nd1cator of the presence and pos1t10n
of substltutlons on this ring (Figure 5). ‘The parent cémpound,'I, and
the degired product, II,have been identified rigorotély but the other

structures of Figure 4 are supported by NMR spectra only and are not

definitive. 'It.would seem that the aromatic ortho, para-directing

’
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Figure 3. Route for the resolution of the enantiomers of o,p'-DDT
via a mononitrated derivative.
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Figure 4. Thin layer -chromatogram diagram_fér (a) (¥)-o0,p'-DDT (I),
: {b) the reaction mixture resulting from the mononitration
of (#)-0,p'-DDT (I), and (c) (*)-NO -0,p'-DDT (II). The

adsorbent was silicé.éel G develope% with 20% diethyl ether

in hexane. Compound i was an oil consisting of o,p'=DDT,
p,p'-DPT plus several other compounds (GLC) and made up
about 3.3% of the reaction mixture.

v

* .
See text.
‘I
*

* : .
By weight (based on a 1 g test run with compounds -
recovered from TLC plates) .
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" Figure 5. 'NMR spectra for (a) (%)-0,p'~DDT (I), (b) (%)=NO,~0,p '~DDT

(1I), and (¢) (2)-NH_-0,p'-DDT. See text for deScription.
Instrumentation: 'Varian Anaspect EM-360 NMR spectrometer.

e : , R .
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. was recovered from the reaction. Obviously the 200 g of (*)=o,p'-DDT

phlorines may have acted in conjunction with the meta—directing

triéhlorocthane moiety (electron withdrawing (Abou-Donia, 1975)) to
t ’ .

determine the sites of nitration of (*)-o,p'-DDT.

Stroﬁger nitrétion conditions (ﬁore HZSO4) or.édditiénal reaction
time resulted in an increased production of thé dinitro compound.‘,
(compound iv in Figure 4) previously described by Haller et aZt (1945)
and'pqrrest et al. (1946). 1Ideally the nitratiop reaction should have
been stgpped when the probability df.mononitrating the 0-Cl ring of
f;)—o,p;—DDT to producev(t)—Noz—o,p'—DDT (I1) équaled the érobability:j\
of mononitfating the p—Ci ring of (:)—NOz-o,p'—DDT (I1) to produqé
(i)-(NOz)Z—o?p’—DDf (iv) (figure 4) . Thé.yield of II from the nitra-

tion of four 50 g'batches of I'was 39.3% but 28.6% of the (*)-o0,p'-DDT.

-

o

VCOUld‘have been nitrated for a longer period of time to have yielded

more of the desired (i)—NOz—o,p'fDDT (II) and less unaltered starting

- material as found for the 1l g test run'of.Figuré 4.

..

) ?

" *Reduction of (t)-NOz—o,p'—DDT

;’ The meﬁhod for the réduction of l—chlofo—Z—[2,2,2—trichlorotl—
(4—chlofophenyl)ethyl]-4—nitr$benzene to its cérrespohding amine (1l-
*chloro¥2-[2,2,2-trichloro-lé(4—chlofophenyl)ethyl]e4—ahinobenzene)
(Figures j and 5) was simila£ to.that for reducing nitrobehzene‘to
‘qnilihé (Vo§e13‘l967). It was, ﬁgwever[ necessafy.to add ethanol for
solubilization of the'nitro derivativg for £he redhction reaction and

to add CHC1 tovthevréQUIting reaction mixture in order to solubilgkg

3
" the éminefchlo;ostannate'salt complex for salt hydrolysis by the ~

)
NaOH. The dried ethereal extract of the (*)-amine was an oil which

<+
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- could be crys¥ ized from petroleum ether in an 87.0% yield (1 g
ﬂ?? ‘ . .

reduction).

'Diastereomeric salt formation of (t)—NH2—0,p'-DDT

L.

~

Because of the high yield of the reduction reaction and the eage

of oxidation 9f exposed (i)—NHZ—O,p'—pDT the ethereal extract of the
.above reduction feacgion‘was combined with a CHBCNmsolﬁtion containing
the appropriate amou;t of K+)—lovcahphorsulfonic acid (Aldrich Chemical ' .
Co., IQF.). .The~quantity of acid used was é»l:l molar ratio to the
-(t)damine.assuming a 100% yield of the gmine-from the nitro cémpound,
ﬂrésumably giving a émall excegs of the acid for the salt formation;
Evaporation of the solvents yielded the (+)—10—camphorsulf§nate salts

of (-)- apd (%)fNﬂz—o,p'-DDT which‘were fractionaily crystallized from

a CH3cy,or submitted to a fractional reflux technique.

_Fractiona1 crystallizaﬁion of the_NHZ—Q,p'—DDT—(+)—10—camphorsulfonate

.

salts

r

The initial resolution of the amine enantiomers was carried out

via the classical technique of fraqtionaﬂ‘Crystalliiation'of.thé

giastereomeric salts from an appropriate éolVent (Boyle, l971;_wilen,
1971). Typically the progress of resolutions of this type is mpnitored
by meaﬁuiiﬁg chanqc: 'n (1) the specifié rotation of the salt being
isolated, »(Z‘he spe~ific rotation of‘t}'le amine béing iso‘}ated or (35

the melting point + -ne salt beir isolated. ‘The resolution is

considered complete when the above parameters cannot be altered

further by continued treatment. 'As ~an be seen in Table 1, the

specific rotations of the salts were unreliable indicators for the
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Table 1. Progress of the resolution of (-)-NH_-o,p'-DDT from 38.3 g

2
/ (t)-NHz—o,p'—DDT-(+)-lo-camphorsulfonate salt by fractional
. crystallization from CH3CN.
-« '
. “*
) " T
- 5 (©)
Crystallization ‘CH3CN - Salt Yield Time
Number (ml) (g) (hr) .Salt - Amine
1 1250 8.5 15 0.7 - 7.1 -
2 120. 3.8 24 3.1 - 14.9
3 120 2.0 ° 17 ——- - 30.0
** ' I ' : :
4 1000 15 45 - 43.0 - 22.9
5 500 6 11 - 62.9 - 69.3"
6 . 340 4 24 /-152.2 - -119.6
. . : \ ) o
7 240 - 1.5 40 ~117.6 -168.7
8 100 . 0.5 66 -~ 63.6 - -168.0

/

* .
RT = Room Temperature. For these routine rotation determinations the
temperatures of the solutions were mnot standardized. '

* % : ' . '
Salts from the above crastallizations were recombined and seeded with

(-)-amine salt with [a]DT = -30.0° for the amine.

eA,
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progress of the resolution 6f the (-)-NHz—o,pf—DDT'so the rotations
. of gmall amounts of the regeneréted amines were used rougineiy to
follow this préliminary resoiutiop;'

Eefore measuring the}rotations of the amines it was essential
that‘they be purified on a 4 cm x 1 cm O.D. acid-washed alumina
column.eluted with 20% diethyl ether in hexane in érder to remove any
brown (oxidized) material or unhydrolyzed salts.

Since crystallizatidhs i tq 3 of Tabie 1 revealed only a modest
improvement of the'(—)-gmine rotation a small amount of (-)-amine
salt ([@]gT = -30.0° for the amine) was set aside'and the remaining
salts recombined. Use of the -30.0° amine-~salt for seed “trystals led

to a relatively rapid purification of the (-)-amine salt (crystalli-
. . .

czati .+ 7 and 8 of Table 1).

Fractional reflux of the NH2—o,p'-DDT—(+)—1O-camphorsulfona£e salts

"

A reflux technique.for the separatioﬂ of di;astereoméric‘salts
has been suggested by Wilen (1971) and its use in Fhis c;s; was regu-
lated by quai&tati&e rather than quantitative means. That is, (-
because this method of fesolu;ion w#s sé simple éna effective, the
émoﬁnts éf salts, solven;‘and times of‘reflué to give varioﬁs‘aeg:ees
of,improvemén£ in optical'pﬁritQ'of the amines.were not calculated.

To purify_the'levo amine, (*)-amine salt or salt with a predomi-

. : , S
nance of (-)-amine was dissolved in béiling CH3CN. Tbe'vblume of
CH3CN was lowered by distillation until salt was seen precipitating.‘~
At this poing fhe distillation was stopped as a large amoﬁnt of salt

would precipitate while the CH_CN continued to reflux. A small volume

3
of CH3CN was added to the reflux flask and the solution was képt under

o <



reflux fo£ 2-4 hours. Larger volﬁmes of-CH3CN added to the flask (but
not giviné complete dissolution of the precipitated salt) and/or
longer reflux times improved the resolution of_the (-)-amine. Tﬂree
such serial reflux treatments produced a salt with an (-)-amine
rotation of [a];5 =4f170.l°, unimproved by further reflu*? similar in
rotation to the (—)—émine previously isolated above by the classical
crystallization procedure.

' The use of a double wi;hdrawal.crystallization technique.yielded
salts with little or no improvement of enantiomeric purity except, of
dourse, in the case of the»pr;mary crystallization éresented ianablé
1. That is, gll.other isoiated salts contained amineslexhibiting‘low

\ .

dextro rotations indicating that the (-)-amine salts could not’be
'crystallized from salt- solutions cohtaining”aﬁ excess of the‘(+)famine.

To purify the (+)—amine,‘(+)-amine—enriched salts recovered from the

N. The volume of .

reflux mother liquors were .dissolved in boiling CH3

CH3CN was redlsed by distillatiqn until a large amount of salt.precipi~
tated. This‘sait was recovered without further treatment and gevealed
an improved (+)-~amine rotation.  Six such treatmenté_produced almost
pure (+)*NH2—o,p'-DDT. Furthermore ét waé found that during this

\
resolution the increasing melting points of the salts were excellent

indices of improvements in the enantiomeric purity of the amines.

Lanthanide shift reagent

‘An attempt was made to determine the optical purity of the
'reso;ved amines utilizing a lanthanide shift reagent, Sievers' Reagent
or Eu(fod)3'(Norell Chemicai Co.). By use of Varian Anaspect EM-360

(60 MHz) and Perkin-Elmer R-32 (90 MHz) NMR spectrometers it was
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hoped that this'reagent might split the signal for the benzylic proton
of racemic NHz—o,p'—PbT. To 50 mg (i)-NHZ-o,p'-DDT in 0.4.ml CCl, the
Eu(fod)3 was"added in 10 mg iﬁcrements and later 100 mg,increaehts

up to a total of 980 mg of the reagent. While large shifts occurred-
for all p¥oton signals no observable'spiit in thé benzylic proton
signal occurred possibly because of the d;stahce between the amine

group and the asymmetric center of this molecule.

Deamination of (-)- ana (+)¥NH2—o,p'—DDT to (-)- and (+)-0,p'-DDT

The resolved ahines were deaminated by treating their diazonipm.
salts with hypophosphorpus acid (Sagar et al., 1972). The reactien
solutipn was allowed.to stand 72 hr.bvahich time it had cleared and
the o,p'-DDT enantiomers eeuld be'extracted with éentane. The specific
fotations-of»the resolved enantiomers of o,p'-DDT were jqjgs = =17.9

N

~and 17.7°

Absolute configuration of the enantiomers of o,p'-DDT’

X—ray crystallographic analysis of (-)-o,p'-DDT has revealed that

it possesses the R cohfigu:ation (Smith, pr. R. A.; personal commun.) .

production of (#)-OH-0,p'-DDT from (£)-NO,-0,p '~DDT

The (+) Noz—o,p'-DDT was converted via the (t)-NHz—o,p’-DDT to
its dlazonlum salt using the method descrlbed for the deamination
above. Treatment of this salt Wlth hot sto yielded a reaction
mixture which was extracted w1th diethyl ether and the extract was

purlfled by elution from alumina and silicic ac1d columns. The .



‘product consisted of about 32% OH-o,p '-DDE (l—chloro—z-[2,2-dichloro—

1-(4- chlorophenyl)ethenyl] 4 hydroxybenzene) and about 65% (+)—OH—0 p'-

DDT(l~chloro- 2 -{2,2,2- trlchloro 1-(4- chlorophenyl)ethyl] ~4- hydroxy-
benzene detetmined by‘NMR and GLC-MS (gas }iquid chrOmatography—mass
spectrometry). The instruments used were a Varian Anaspect EM-360
.
"NMR spectrometer and a'Hewlett-Packard Model 5710A gas chromatograph
coupled with a Hewlett-Packard 5980A mass‘spectrometef. _The hydroxy
derivatives were separated as thei:'TFA ftrifluoroacetyl) derivatives
on a GIC colunn of 1/2%‘OV-101 on Chronosorb 750 at 185°C. The
parent ion, base peak and fragméntation patterns of the MS were in
agreement w1th both the data supplied for similar hydroxy and/or
me thoxy derivatives of (t)-o0,p'-DDT and :0yp '~DDE (Feilet al ., 1973;
1975) as weli as the parent compounds (Sphon and Damico, 1970). '
The dehydrochlorination of the (i)-o,p'-DDT derivative(s) to the
o,pf;DDE derivatiye(s).was unexpected in the acidic medium of the
reaction but the high temperature'alone may have been responsible
for this:side reaction. A suitable solvent for crystaliization of

the1(+)-OH—0,p -DDT was not found so the product also contalned an

estimated 2-3% of a yellow-colored contamlnant(s)

Production'of'(t);q;p’—DDA from o,p'-DDE or (t)-olé'-DDT

The (*)-o0,p'-DDA was produced from o,P;-DDE and (t)-o,p'-DDT
by modlfylng the method of Grummltt et aZ (1946) for the prepara;,
tion of psP —DDA.' The concentratlon of KOH was ralsed to the same
'relatlve amount used by Gat21 and Stammbach (1946) when produc1ng
. PsP -DDA‘and o,p fDDA. .The yield of 47.9% (t)«o,p :DDA compared

favorably with the yields produced by Cristol and Haller (1945) (13%
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crude product), Gatzi and Stammbach (1946) (43.0% pure product, mp
106>107°C) and Zee-Cheng and Cheng (1962) (15% crude product) . The
NMR spectrum had the expected similarities to that of p,p'-DDA (4-
. L Y

chloro-a-(4-chlorophenyl)benzeneacetic acid) (Keith et al., 1969). - A

Diastereomeric salt formation of (#)-o0,p’-DDA

The (i)—o,p}—DDA—(-)—é-phenYléthylaane sglts.(a—PEA from Aldrich
Chemigal Co., Inc.,) have beeﬁ crysﬁallized from an eihahol-wate:
- (1:1) solvent system;‘ Heating of this salt to dry it and evaporation
to reduce the volumés of mothqr liquors must be’évoided since the salt
is appéreﬁtly somewhat unstabie. This disco;ery has iﬁQalidated the
recorded’rotétions for crystallized'o,p'fDDAv(-)—a-phenyleihylamine.
salts. These rotations were small and may not have been real since
they Qére levo, as was the o-PEA. The rotétion obtained for one
sample of Q,p’fDDA‘crystallized from benzene followihg regeneration
from the_drystallized salt was [algT = 0.769 indicating that a partial
?esolutioh had«taken»piacet-‘it ié eﬁcouréging to have fou&d a solvent
. giving crYstal forhation and this system may allow for‘a straight-

forward resolution of (t)-0,p'-DDA.
BIOLOGICAL : A
~ Female Rats

Estrogenic effects of 0,p'-DDT

For the initial study of the estrogenic effects of the o,p'-DDT

(McBlain et al., 1976) (Table 2) a total of 149 weanling '(20-21 day
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Table 2. Treatment groups used for comparisonbof the estrogenic

effects of the enantiomers of o,p’-DDT 18 hr followihg

a single ip injection in immature female rats.

Number of Compound Dose
rats (N) administered ip (mg/kg)
33 R ——
10 (+)-l7é—estradiol 0.11
10 (+)-0,p'-DDT - 25
10 ' (i);o;p '—DD;I‘ 50
10 (-)-0,p'-DDT "so.
10 (+)-O,p'-;DDT 50
10 (x)-o,p'-0DT 100
10 (-)-o0,p'-DDT 100
10 (+)~-0,p'~-DDT 100
10 {t)-0,p'-DDT" *+150
10 (i)';O,p'—DD’I‘ .225A
8 (-)-o,p '-Dm" 225
- 8 (+)-osp'-DDT 225
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old; 35-50 g) female-rats.of the Sprague-Dawley strain were obtained
as available fiom BioScience Animal Services of the Universit? of

Alberta. The rats were selected randomly, weighed'and.giyen a single
ip injection‘df the apprdpriate test solution.: The tested compounds,

(t}-o,p’-DDT, (-)-0, p'-DDT; (+)-0,p'-DDT and (+)-178-estradiol were

dissolved in oltve oil (Empress Foods Ltd ) at the solutlon concéntra-

tion necessary to give the deslred dosage (in' mg per kg body welght//
in 0.4 ml of solvent for a 45.0 g rat. The injected volumes were
aajusted further accordiﬁg to the individual rat'weighté to givesthe
cérrect dose in mg}kg., The mean.weight of the rats injected was 42.4
g. ‘The (+)-178-estradicl was supplied by the Siéma Chemical Co. and
the (*)-o,p'-DDT by the Aldrich Chemical Co., Inc. while the
enan£iomers of.o,p'—DDT'were prébared as descfibed previously

(Mcglain and Wolfe, 1975). The (+)~17B~estradiol soluti;n used was

a dilution of a stock soluﬁion prepared by dissolving 0.1250 g of the
estradioi in 5 ml of‘ethanol and diluting the solution to 100 ml with
the olive oil giving a 1.25 mg/ml solution. The conEentration of this
stock solutioh;was verified by diluting it 1:100 and measu;ing the‘ﬁv

absorption (A=280mu) on a Beckman DB-G specttophotometei.

The injected rats were placed in individual wire mesh-topped

‘polypropylene cages (28.5 x 17.5 x 12 cm) with food (Wayne'Lab-Blox,

" Allied Mills Inc. or Teklad mouse/rat diet) and water supplied ad

1ibitum. The temperature in the experimental room w#& maintained at
.0 . . e ' .

22+2 C. Eighteen hours following the injection the rats were weighed

and sacrificed by cervical dislocation. Whole uteri plus anterior

vaginal tissues were excised and the uterine horns were severed *from

the vagina immediately posterior to the cervices while the horns were



separated by a 45° angle. Enough tissue was left at the junction of
the uterine horns so that they just remained joined and they were

stripped of mesentery, blotted dry, weighed to the nearest 0.1 mg on
a Mettler analytical balance aﬁd placed in a cﬁlture tube containing

1.0 ml 30% KOH. Uterine glycogen levels were determined by the

method of Seifter et al. (1950) uhdiemasg the Nazso4 and temperaturé
recomnendations of Van'Hépde15(“
. E r“"
1.25 ml of ethanol to the § [

{ is, after the addition of

4
vt)r .
B e

"solution was added to a1d inm”
i - ~,\7
Following the addltaon of the anthroneﬂﬁeagent the color was developed

by heating at 90 C for 20 minutes.

‘ -

Estrogenic effects of o,p'-DDT derivatives

Severai derivatives of o,p'-DDT were tested similarly for their
relative estrogenic aqtivities as outlined in Table 3. Two relatively
inactive qoﬁpounds,:(t)-Noz;o,p'-DDT and (#)-0,p'-DDA, were tested at
8 mg/rat, the screening dose employed by Bitman and Cecil (1970)} The
other compounds were administered using the preferred mg/kg dose levels
as above. The é; roﬁte waé investiga£ed“for (+)—l7s;estradiolitg’deter-
mine if the subméximal ip response reported by McBlain et aZlg(l97§)
for thiS'qompbund (usinéAthe same solution>concentration) could be
related to the route of administration. Furthermore, a time-response
stﬁdy usiﬁg 5 réts per group at 100 mg/kg of (i)-o;p'—DDT was carried

_out to ascertain whether the individual variation within the results
reported in the previous study (McBlaip ét aZ., 1976) could be related
to the time required to obtain the utering\responsés; ' ‘ ya

The rats were caged as above and the uE3§§ngvparameters, wet

-
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Table 3. Treatment groups used for comparison of thevesttbgeﬁic effects

of various o,p’-DDT'derivatives'ih immature female rats.

Time of

Number of Coméound‘ .sacfifice
rats (N) administered ‘Dose ‘(hr) Rodte‘.
8 .,(i)—No}z-o,p'-bbT*i - 8 mg/ra£ 18 ié_‘
9 { (;)-O,p'-DDA* ' | . 8 mé/rat 1? | ip
8 (:)fOH—o;pkénbf (65%) , 25 mg/kg 18, ip
plus OH-0,p'~DDE (32%) , .
6 (%)—SOBQa—O,p'—DDTf ' | 25  mg/kg 18 ip
8 (i)~Nﬁ£«L25LD§T*F o 25 mg/kg S Ié ip
6. (-)-&H2~é;p'-oor* Sy mg/kg 18 ip
6 (+) —NHZ-O,p'-DD‘I‘* D ' 1 mg/kg 18 ip
6 (+)-178-estradiol o d;11 mg/kg 18  sc
5 (A_t):—_o,p_'-DDT ‘ 1'60 - mg/kg 12 ip
5 (.t)—lo,p'-ll.)D'I" - ‘ :, le‘O mg/kg 16 ip
5 (t)Qo,p"—DDT . 100 ' mg/kg 20 . :Lp
5 (:-)-—o,p'_—bo'r - 100 . ﬁ@/kg 24 ip
* va‘ o . .
ation of these compounds is described above.

. The prepar
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welght andvglycogen‘fontent, were measured in tne manner descrlbed
prev1ously - Por: both rat ‘studies and most of the quall stud;es below
the ‘data were subjected to an analy51s of varlanpe (ANOVA) utlllzlng
Duncanis New Multiple Bange Test for srgnlflcant F statistics (Sokal

Te

and Rohlf, 1969).

' Female Japanese quail C ‘ |

4

Estrogenic effects of o,p'—DDT by the’ipﬁroute A

A total of 58 immature (26 29 days old, 70-93 g)female Japanese
': quall were obtalned from BioScience Anlmal Serv1ces of the Unlver51ty

of Alberta. The blrds were welghed, banded and randomly dlstrlbuted

LIS

'among thepfiye experimental-groups of Table 4. Groups of 10-15 blrds
were placed in steel wire cages (55 x 32 x 31 cm).and given'fﬂod
(turkef starter; Federated-Co—operatives,,Ltd.) and water ad Zibitum?

- The temperature of the experlmental ‘room was maintained 1t 19- 21 c ‘and

the llght regrme was 8L:16D.(8 hours of light to 16 hours of dark/24

hours), a photoperlod known to be non—stlmulatory for sexual maturatlon

_ (Tanaka et a@ 1965 Wilson et al., 1962)

r—

The tested compounds, (+) - l78-estradlol, (+)—o p’—DDT, (~ )“o,p
_ dDDT and (+)-0 p' DDT (descrlbed above) were dissolved in an approprlate
- volume of 5% ethanol in ollve 011 {Nabob Foods) to- glve the desired "dose
in 0.4 ml of solution (Table.4). Once a day for three days the blrds'i
:uere glven single ip iniections of‘the prescrrbed test solutxon and 72
hours after the first injectionka?giégd‘sample was taken by cardiac |
puncture and the birds sacrificed by cervical.dislocation.'
e ¥

‘The oviducts dére excised, trimmed of mesentery;bweighed to the

S ..

51



nearest 0.1 mg and placed in 1 ml 30% KOH. From certain of the birds

s s o4 :
the livers, adrenals and ovaries were removed and their wet weights

measured. Oviducal glycogen determinations were carried out as described

~ for the rat uteri above. The blood samples were centrifuged at 2100

3

rpm for 15 minutes and the serum frozen for later analyses. For the
caleium analyses the 'serum was thawed, mixed on a vortex mixer and
diluted 1:100 by delivering 50 ul of serum ineo 5 ml of a 1% KCl solu-
- tion. The calciem standards‘were 0.5, }QO aed 3;0 ppm Ailutione of a
;1000 ppm stock solution made up by dissolving 2.4973 g ef CaCO3 (heat

13 hr at 150°C) ‘in ,u0 ml of double distilled water, adding 10 ml 37%

HC1l and diluting to 1 litre (Dean and Rains, 1971). The serum calcium
) . . ' . . "}‘
levels were determinéabby flame emission spectrometry using a Jarrell-

Ash JA 82-270 Atomsorb atomic absorption-flame emissidn_spectrophoto—

meter.

!Tablek4 ' Treatment groups used for the comparison of the estrogenic
%

o effects Qﬁgthe enantiomers of o,p’'-DDT by three daily ip

female Japanese quall.

Solutian
Dose . conceﬁiratien

(mg/dayf ) - (mg/ml)

¥« Zﬁf-‘es.t:a?‘diol v 0.05 - : 0.125
5 , 12.5 ’
5 ' 12.5

Yos 12.5
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Estrogenic effects of (+)-0,p'-DDT by the oral route-feed

' -~
A second group of 26 immature female quail (2?}days old; 44-77 q)
were weighed, panded and divided randomly into two groups of 6 and two
groups of 7 birds (Table 3). ’ |
-

Table 5. Treatment groups used in the test for estrogenic effects of

’éOO‘ppm of (*)-0,p'-DDT in the feed of immature female

Japanese quail. O
_ . i
Number of Compound .. : Treatment
birds (N) administeied Dose ‘ period (days)
6 —— -=- 3
6 " (*)-o,p'-DDT 200 ppm in : 3
' : the feed
A
7 - - 7 ,
7 (+)=0,p '-DDT '/ 200 ppm in 7

s ' . the feed

- I

One group of 6 birds and‘one of 7 were treated with 2QP ppm of
. . ) : - . ’
(t)-o,p'-DDT in the feed. The feed ‘was prepared by adding»0.22 g of
(*)—0 p —DDT in 100 ml acetone to. l kg of feed (Federated Co- operatlves

turkey starter) in a 4 1 beaker. A 10% excess of (¥)-o,p -DDT was added

to ak&qw ﬁer any loss of éhe DDT on the beaker 51des or foil. The

etﬁ%ﬁ éied was. mlxed'w1th a glass stir rod and poured onto

/

4alum1num foil 1n a fume hood for drylng A further 180 ml of acetohe

'was used<gg§zlnse {he beaker sides onto the feed and later to rfhse the

¢ .
v - . [}

f01l surface onto the feed GLC analysis of 1 g of the feed (Appendlx

'5) obtalned from an- IB g sample ground in a mortar revealed 255 ppm of

'0,p —bDT present. This indicated that the 10% excess of (*)-0,p'-DDT

S
«
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added to the feed may not have been lost and/or that the feed had not ‘ "

been mixed adequately. Control feed was treated similarly with acetone

y

dnly And was found to contain less than 0.5 ppm of total DDT resxdues

The gontrol and (#)-o0,p'-DDT- treated groups each consumed almost all of
3

tﬂe 1 kg oﬁ’&helr prepared feed durlng the study.,

Y

¢ Yhar
P g O'?xﬁihe approprlate day the blrds werg bacraflced by CHCl kq\aesthe51a

) “-“ '/u

N ‘

-« aa blood sample taken . from the heakt “ The oviducts were excﬁéed
}/ - J’

. ﬁeightd ‘and thelr lengths me#dggéd The li%ers and blood were treated
Pl : ) .
m,as in the ip lnjectlonvstudy above ol

X

»f

-

Estrogedic effects of (=) =and (+)-0,p'-DDT by the oral route-capsules

‘A third groub of 6 immature female quail‘(29,days 0ld; 65-77 g)
s rd '

were treated twice daily with gelatin capsules (size 5; Eli Lilly and

Co.) containing either (-)=o0,p'-DDT or (+)-0,p’'-DDT at the doses shown !
in Table 6. Following the three days of treatment'(72 hours after the
first capsule) the birds were sacdrifize ~ dy CHCl3 anaesthesia and blood

samples were removed and handled as above. Furthermore, a sample of
i S

subcutaneous fat was removed from the area adjacent to the apex of the

furculum and ai0n§'with the urépygial gland was frozen for later analysis.

)

The right lobes of the uropygial glands were laid{bﬁgn by sever;i

longltudlnal and transverse. scalpsl cuts. These samples and the fat

samples were ¢leaned up (Appendix 6&f§nd subjected to GLC analysis for

the‘fesidueé of o,p’—DDT‘present. o - ,“



55

Table 6. Treatment groups and doses for the enantiomers of o,p'-DDT
administered via the oral route in capsules to immature

female Japanese quail.

Dos - (me®
e T
Number of Compound Capsule nuwwer . ) otal
. * * *
birds (N) administered 1 2 3 4 'S 6

14.0° 10.3 8.9 7.6 10.6 6.0 57.4
3 (-)-o,p'-DDT 16.1 8.2 8.9 8.1 9.9 6.0 5F2 ‘
' 12.1 11.2 9.1 8.8 10.1 7.2 58.2

13.6 11.0 7.9 6.5 13.6 4.7 57.3
3 (+)-0,p'-DDT 14.4 8.6 8.8 4 12.2 5.7 57.1
17.2 '11.9 9.7 7.6 14.9 5.9 '67.2

D ‘ ¥
* : a )
Adrunistered after ethanol added to capsule.

-Male.Jqpanese.qpail

v .

LR )

Estrogenic effects f o,p'-DDT by the sc route

;if&

were used to test the effectiveness af the ¢ «
I . .

3 : o
enantiomers of o,p'-DDT as estrogenic agents in a male system. Thex.

’

Two groups of male'quaii
: .

- first gréup of males was used in a preliminary studyhdesigﬁed ta deter-
mine what dose of (+)-1§8-estradiol would be necessary. to exhiﬁit estro-
genic activity in the male birds under the.conditions‘used.

‘Thirty—fouf 56.day oId_ﬁgleé (64-101 g) which had been kept on an
8L:i6D'light reégime froﬁ 18 day§ of agev(lZL:l2Dvprgviousl?);werev
divided r#ndoﬁiy into seven groués of 4 and two.qrpups of 5 as in Table
7. - :'- _’_ - - R ..

vOne group of 4 was sac;ificed_immediately and anothér group of 4 1

:.: 3

N
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Table 7. Treatment groups used for the determination of the estrogenic
activity of sc injections of (+)-178-estradiol or the enantio-

. s .
mers of 0,p'-DDT in male Japanese quail switched from a short

to a long photoperiod.

Number of Compound Dose/2 days Light
birds (N) : _ administered sc . {mg) ' regime
4 ——— - _———
Ty
. 4 _— T — 8L:16D
4 o ——— . § e 14L:10D
4. (+)-17B-estradiol 0.0005 . 14L:10D S
3 o (+)-17B-estradiol 0.0005  14L:10D ﬁ%j
. o 2
3 (+)-17B~estradiol 0.05 14L:10D .
) P4
, : »
4 (+)~17B-estradiol . 0.5 : 14L:10D
4 -~ (=)-o0,p'-DDT 5 : 14L:10D
4 - - (+)-o,p'-DDT 5 ) ' 14L:10D 4
- - %1

.
left_on fhe 8L:16D lighting. All other groups were switched to'l4L:lOD.
 These light ;egimes were selected since it has been shown that the 24
hour ratio of 12L:12D and 24 hour.light regimes with shorter 1igh£
- periods have ii%tle stimﬁlatory effect on thé testes development of
young quail (Tanaka et al., 1965). The 24 hour light fegimes.of 14 or
more hours of light are stimulatory. The birds were caged similar to
the females above and given food and water ad libitwn. The temperature

in the short .daylength room was 17.5-18.5°C ‘and in the.loig daylength -

v , S o
room 21.5-23.0°C. Every second day all test birds received sc injections

of 0 # ml of 5% ethanol in olive oil containing‘hb solute or. 0.0005 mg, -
0.005 mg, 0.05 mg of 0.5 mg of - (+)~178-estradiol. The estradiol solu-

tions used were dilutidns_of thé stock solution described above. Two

...& A
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other groups'received-S mg of either Qﬁ-wy[)LDDT or (+)=o,p'-DDT in 0.4
ml olive oil only. At 66 day§ of age (10 days gfter.tho first injectiod)
a blood sample was removed by cardiac punéturé and,the‘birdé sacrificgd
by cervical disloéation; The testes were excised, trimmed and weighea

. | .

to the nearest 0.l mg and immediately placed in Bouin's solution.

Estrogenic effects of 0,p'-DDT by the ip_route !ﬁ%%ﬁ?‘ﬁw

A second group of 70 male gquail (96-133 g) was treated similar to
thé above group of Table 7 except that the injections used were ip and
two déses of the estradiol and two doses of (t)-b,p'—DDT were.uééd“as

-

shown in Table 8.‘ For this study the 0,p'-DDT compounds were_dissolved
in 5% ethanol in olive oil. . K
As above, the birds were injetted every other day and 10 @ays'

after the first injecfiomawere sacrificed by cervical dislocation.

o .
Blood and testes samples were treated as before. From certain of the

v

birds the livers, adrenals and spleens were excised and weighed.
Selected serum calcium determinations were carried out as above. Some
of the testes were fixed in Bouin's solution, imbedded in paraffin,

sectioned at.7u‘§nd stained in iron hemotoxylin and eosin.
oy

57
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Treatment groups used for the determination of the estrogenic

Table 8.
activity of ip injections of (+)-17B-estradiol or the
enantiomers of o,p'-DDT in malg Japanese quail switched from
a short to a long photoperiod. '
Number of - Compound Dose/2 days Light
birds (N) . administered ip (mg) o regime
11 -—— -—— . -—-
8 -— -— 8L:16D
9 -— | ——- 14L:10D
6 (+)-17B-estradiol 0.05 14L:10D
8 (+)-178-estradiol . 0.5 o 14L:10D
7 (*)-o,p'-DDT ‘ 5 : {i 13L:10D
6 ~(+)-0,p'-DDT » 10 s 14L:10D°
- 8 (-)-o0,p"’-DDT , 5 : 14L:10D
7 (+)-o0,p'-DDT o ' 5 14L:10D

v
. [N
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RESULTS

Female rats .

Initial body weights

The mean iqﬁﬁial body Weights (body weights immediatdly prior to

'injection) for the 25 tfeatments groups of rats are presented in Tables
9 and 10. In Table 9 the data for the .13 grqups ‘of the flrst part of

' AR
the study (Table 2) were compared at pS.01"and pS .05 and the group

injeéted with 225 mg/kg of (+)—o,p'-DDT was significantly llghter than
the control groué at ps .05. .No other groups differed from the éontrols.
If the”dagz fof the 13 grod!! of Table 2 were combined with thé
data for the 12 groups of the second part of the study gTable 3) as
shown in Table 10, no groups dlffered from the control for the para-
metérvof méan initial body weights at either the 1 or 5% levels. This.
“Combiéatﬁon ofgthg.dgta for ﬁhe first lljgroﬁps with the daté for the
ldtter.l? groups changed.the stati;ticai results mainly because of the .
smaller sample sizes used in the latter.lz groups: This added some ‘
biés_to the statistical treétment of the daté b? necessitaﬁing larger
differégées among the group means in order to render the differences
statigiicail§ significant. i B

It would appear unlikely that the initial weights of the injected

59 L B U o ;



60

N "P3UTIaSpUN 9IF SupdwW AT *3$3%

abuey o7dTITNW MeN S,uedung HBUTZTITTIIN A<>OZ<V aouBTIRA JO mamxﬂmcm ue JO PaISTSUOD JUBWIELSI] Hmuaumﬂumum
Py

, . : ‘1oTpeIise-gLI-(+) = 3 pue -
T013u0d = 3 by/buw ur Ssop 8yl ST [exsumN -JIdd-,d€0 otweoex ‘10 OTISWOTIUBN® S93BOTPUT UBTS pa3javyoelg
: . . - ; *

SO°

&

L

Ve 130 47 vy 87ty S'eY SEV  TEV 9 zv 9 Zv s Ty €ey .8°Th S*6t

OH 01 -0t - 01 8 , 0T €€ . 0T 01 .Oﬁ . 0t OH.v. 8 N
szz st 0s  -0sT  szz 00T O 00T g 0s oot o5 sze

() @ Aﬂw 3 (+) (%) () | () ,A+v (+) (=) (+)

) ”MH o ,Sdnozb uswiwexy

WasT () SIubTem Apoq TETITUT uesy

"s3ex prewsy sanjeumuT UT laa~, maa JO sIWOTIUCUS BY3. 30

- s

%Mwowuuw otusboalysa ay3z 3o :omaummaoo HOu pasn mmdoum JyauIlvexl A8yl I03 muswawz Apoq Tet3TUT UREN ‘6 9Tqel



6l

abuey 21d13ITNW M3N S,uedung butzT{Tan A<>oz<

‘g alqel ur se paist]
*Z ®1qel UT Se pIISTI,,,

-peuTTIspUN dIE sueaw ITT Y3atm sdnoxd
) souetIEA JO STSATRPUE UR JO PIISTSUO Jjusujearl TePTISTIEIS,

ey

*3IsaL

50
1°0 .
sd zz 2T € v ST O 61 91 Zz 9 6 bz S 81 ST €1 dnoxd
T°175°6€ szz(+) 8 €1
0°z36°€y  IU vT S sz 8 03b b¥ szz(-) 8- 4
L°150°2% 34 02 5 vz 1°135°€Y szz{3) o1 11
v lsb cb 34 91 3 X4 z158°€Y 0sT(3) OL 0T
€°135°6Y . 1Y 2T 00T(¥) & zz (AR eI k44 00T{+) 0T 6
L'OTT €Y os @ 9 114 0" T35 €Y 00T(-) oOT 8 .
8 1787 €Y Zan (+) 9 oz 9°159°C% 001(3) oI L
8 TsL €Y “un (-) 9 61 RN 15 47 os (+) ot 9
poTRS IV Can () 8 81 L1138 0s (=) 01 5 -
0 132 eb enfos 9 L1 Tt vy 05 (¥) 01 v
0" TsL°EV HO 8 91 S 0TTIETYY sz (3) o1 £ .
1" 132700 vaa 6 ST 8°079°Z¥ torpexisa o1 z
8°03L €Y on 8 b1 9°0:T €Y - Tox3uod  €f 1
W3ss (B) .ucwEumqu' N Zaqunu Wiss (H) jusuneaxl N uwBﬁ.E
Jybtam Apoq ** *dnoab aybtram Apoq ** ‘ *dnoab
1eT3TuT uPaK s ,ueoung 1eT3ITUT ueay s ,ueoung

ss3yex oHnEwu. jo sdnoab jusuieaxl gz 3yl 103 s3ybtom

1

Apoq uot3oafut uesyw 0T aTqel



62

rats affected the results of this study except perhaps in the case of

the (+)—o,p ~DDT at 225 mg/kg group if llghter rats were assumed to be

less capable of'resﬁonding to an estrogen. However, a second way of
determining if the initial body weiéhts codld have effected the responses "
ef the rats to the various treatments was utilized. The correlation
coefficient between the meen initial body weights for each gtoup and

the meen eetrogenic-responee of each group (for the most sensitive para-

meter measured, uterine glycogen) was calculated and found not to be

significant (r = 0.1417).

7y
L

18 hr body weight changes . . S ' w

The mean 18 hr body welght changes for the rats were recorded and
compared among the treAtment groups. For the 13 groups of rats of Table
11 none . of the mean welght.g\enges differed from that of the Gontrols
at p< .01 but at pS .05 both the (-)- and (+)-0,p '-DDT groups at 225
mg/kg differed significéntly from the contro;s. Also from Table 11 it
can be seen that there was a tendency tor'those groups treated with the
ﬁigher doses of the o,p'~DDT cempoudds'tefgave_mean weightbgains lower.
than the rats treated at the lower doses although the differences wete
not significant in most cases.

The combined results for mean 18 hr body weight changes for all 25
groups of rats are shown in Table 12. For this statistical treatment
the ‘mean weight galns of no groups differed frgynthat of ‘the control at
p< .01 but at pS .05 the groups treated with (i)-NHz—Q,p '-DDT at 25

 hg/kg*and with (i)-O,p'—ﬁDA~at 8 mg/rat did differ significantlyvfrdm

the controls. For the trelW ts of the two acidic derivatives, 8 mg/

/kg of ()-S50, Na-0,p'-DDT, the rats
3 p

rat of (:)-o,p'-DDA and 25~
. f -

&

&,
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C o

exhibited extreme "discomfort" within about 2. minutes of the ip injec-
tion as evidenced by contractions of the abdominal muscles, staggering
body movements and closed eyes. ‘

It was of interest -to ascertain whether the lower mean body weigh!

gains of some groups may have resulted from the toxic effects o he

'treatments orAWhether they'were.merely an index of the maturity of the

rats as reflected by initial body_weights. Therefore the correlation

- coefficient between mean_initiai body weights and mean weight changes -
) _— . il ..

: ) o . et o
for the 25 groups of rats was calculated (r = 0.2934) and Eound not to

: - L v .
be significant. While the results were hot conclusive there was some.

‘evidence tﬁat‘higher doses, or wore toxic -compounds may have affected

. o ¢ " ¥ A
the 18 h*y weight changes.

Uterine wet weights ‘and uterine glycogen levels ' .
The-reSPQnses of the immature female rat uteri to the enantiomers

)

‘and racemic modification of 0,p'-DDT are shown -in Table 13 and Figures

6,'1' and 8. The dose—responSe curves for thevracemic compound were
51m11ar to those prev1ously reported (Cec1i et aZ., 1971a)wh11e the

measured‘responses to.the enantlomerlc forms of o;p —DDT dlffered 51gn1~

'ficantly (ps .01) at all three dose_levels studiedj~except for the para-

3

meter of uterine wet weight at 50 mg/kg; ‘The levo enantiomer of o,p’~

. o . o . - -
DDT was ‘the MOre'aotive estrogen_in the‘immature«female'rats.h
‘ ’ N
The statlstlcal analyses of the uterlne responses of all 25 treat—

merit groups are shown in: Tables ‘14, 15, and 16 These Tables should be<-

.

-used for statxstlcal reference only since most of the data presented in

~ t

" Figures 9, 10, and 11 illustrate the -uterine responses to several

4

65‘

A . . .
~}5:them_a1so appears in the more ea511y understood Frgures 6 to 1l1. . D
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Figure 8.

"Lr. . ) . ’ "
se relationship for the fcetﬂcf (+) -0,p'-DDT

on‘uﬁeéﬁﬁg glycogen cohcentratio ug glycogen mg uterus)
of immatuge - female rats, 18 hr aftér-a slﬁ injection.

The afféects of. oné dos® level of (+)-178- estradjpl and three -
13

dode levels of (~ )- or (:}—o,p -DDT are shown a pqs Qﬁch
p01nt represents a“mean ¥ its 95% confidence limits where

= 10 for all groups except the control (N = 33) and (~)-=
'.and (+)—o,p -~DDT at 225 mg/kg (N = 8) groups.
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Figqre 9.

The effect of several o,p’-DPT derivatives on uterine

-glycogen levels (ug/uterus) of immatufre female raté 18 .hr
-after a single ip injection. Each point. represents a mean:

-

+ its 95% confidence limits with N as shown.
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Figure 10.

. w

2

The ‘effect of seVeral O,p -DDT derlvatlves on uterine wet>
weights: (mg) of 1mmature female rats 18 hr after a. single
ip injection. Each point represents a mean * its 95%
confidence limits with ‘N as- shown..
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Figure 11.

The' effect of several o,p’'-DDT derivatiQés on-uterine

glycogenvconcentratioh (ug glycogén/mg uterus) of immature
female rats 18 hr after a single ip injection.  Each point
represents -a mean * its 95% confidence limits with'N as '
shown.
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o,p'—DDr‘derivatiyes. _The (t)—No -0 pf—bbT (£)-o,p ~DDA and (+)-
SOBNa—ojbf—DDT derlvatlves were less active estrogens ‘than- the parent
-(%)-0, p ~DDT compound . The (%) -QH- o,p '-DDT plus OH~ o,p -DDE mlxture
was a more actlve estrogen than the (+) ~0,p -DDT and the (+)- NHz—o p'-

DDT much more actlve.

The (-)- NH2—0 p' DDT was ‘an actlve estrogen at 1 mg/kg Nhlle the
(+) NH —o,p '-DDT apparently was not. The (f)-l?Bjestradiol was more
actlve_when administered via the sc.ronte_thanlhhen given by the 1y

. route. v.o.. ‘

meters at 12, 16 18 ©20, and- .24 hours. For the sample 51zes USedV

_these changes were not smgnlflcantly dlfferent from each other but the

most sen51t1ve parameter, uterlne glycogen content appeared_to'be”

max1mal at 16 and 18 hours

f

Female Japanese quail
. /

] -
- igﬁinjection-body“weights,u

The mean initial body welghts (body welghts 1mmed1ately prior to'4
flrst 1nject10n) for the female quall are presented in Table 17 There
was no 51gn1f1cant dlfference “among the.groeps for thls parameter
Also :n Table 17 the mean body welght changes for the three days of the
study are presented At ps .05 the (-)-0,p'-DDT-treated birds mean

welght loss was 51gn1f1cant1y dlfferent than the mean weight galn of

the control blrds.

The (+) ~0,p '-DDT at 100 mg/kg 1nduced changes in <;; uterine pard~ "

82
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Table 17. Mean initial body welghts anﬁ mean. body welght changes for

" the immature female Japanese quail used in the comparlson
of the estrogenic effects of the enantiomers of -0, p'-DDT. .

5

. *
‘Treatment groups ‘ -

Y G L E o @

, .

l;oi 5 mg.’

% ' ' :
Staﬁistlcal treatment con51sted of an qpa1y51s of varlance (ANOVA)

‘N 13 12 10 10 . - 13

" Mean initial body weights (g) *SEM

81.5 . 79.6 . - 77.2 . 80.2° 9.4
‘ s s -
+1.6 at1.7 +1.1 . £2.0 +1.8  p=

Meah;bod§“weight chahges (g) *SEM

0.2 47 66 . 6.9
+2.9  #2:8° i2.1 +0.7 1.0

. . : ‘ _
C = control and E = (+) 17&€Str35101- Bracketed signs’ 1nd1cate

enantiomeric or racemic’ 0,p —DDT glven by three daily 1p 1n3ect10ns

-4

utlllzlng Duncan's New Multlple Range Test. lee méans are under-
llned. . : ' . - L. ’

'




Oviducal wet weights and oviducal glycogen levels

AN

_The oviducal wet weights (Figure 12) and?oviducal wet weights as

-pfoportibnsof body weights are presented in Table 18. As for the rats
o : . .

~above, the ‘enantiomers of lo) p'-DDT differed in their estrogenic effects.
The ellclted 1ncreased oviducal wet welghts and increased ov1ducal
glycogen levels 1nduced by the enantiomeric forms of o,p’-DDT dlffered

significantly at'p— .01 (Tables 18 and 19) w1th the levo form being the

‘more -active.

"In.contfast to the*results for the rat uéeri,.the glycogen concen-
--ftratlon in the quall ov1ducts (ug lecogen/mg oviducal wet welght) was
fdecreased by an estrogenlc response (Table 19). At pS .05 the mean’ !
oviducal glycogen cpncenﬁ!htion for ghe (—f—o,p —DDT-ﬁreated birds Q;S%ﬁ
significantly‘iewerAtnan_tha; of the control or (+);o,p’-DbT~trea;ed
birds.l Tnae‘is,-the'(-)—o,p’fDDT-indueed oviducal glycogen increases
;Qid notiéerellei tne concbnitant oviducal wet.yeight increeses'bf Teble
. 18 reeulting in.e lower ceneenttation of the glycogen in the enlaré!d
eViduéte.e;The maﬁority of'ehe wet weignt increaSe‘prcbebly was éhe

~

fresulé of water'uétake;

.Sérun eaiciumrlevels

Presented in fable 20.are-theAmean serum caieium levels from”a sample

" of bifds for three ef the treatment groupe."Active eserogens are known .
>to be capable of elevatlng serum calcium levels in both male ‘and female
blrds (Sturkle, 1965) but neither (+) 17B-estradlol (0 05 mg/day for 3

‘ days) nor ( )-0 'p'-DDT (5 mg/day for 3 days) affected thé serum calcium’

~ levels in’ this study._ o
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Table 18.-

87

Mean oviducal Qet weights -and mean ovidu¢al-wet-weightéﬂasf'
'proportlons of ‘body weights for the female Japanese quail .
‘used in the comparlson of the estrogenlc effects of the e ’

enantlomers of 0,p —DDT

Mean oviduéa;”wet waights (mg) *SEM

: *
Treatment groups

10 .12  19.. ~ 13 ... : 13
15.5 21.6 .. 33.9 - 36.6. - - B1.7
+l.4° - $1.8 C ot #3.3 0 . #1:8 - . £7.5
p™
. ,: \01
£ . '05 /\
Mean oviducal wet weightﬁ (mg)/body*wgights (g)jﬁ‘iOO'tSEM : f
17.9 26.4  40.7 41.6 80.9
+1.7 +3.1 Cx4.60 . 1.7 $12.2
.01 .
» a‘
.05
L

¢ = control and E = (4)- 17B—estradlol. Bracketed sign indicates

) enant;omerlc or racemic O,p '~pDT glven by 3 daily .ip injections of

5 mg.~

1

Statlstical treétment consisted of an analysis of variance (ANOVA)’

_utilizing Duncan's New Multiple Range Test. Like means are underlined.



A

Mean ov1ducal glycogen levels
used in the comparzson of the
‘ enantlomers of o,p '-DDT:

‘Table .19.

for’ the female Japanese gquail
estrogenlc effects of the-

Mean,oviducel glycogen levels.

(pg/oviduct) tSEM

Treatment groups.’ - i '

*

.- C. (+) (%) E )
‘N8 0 1l 8 11
12,3 14.0 17.4 19.4 258 -
2.1 +1.8 +1.9 1.6 +3.8
. *1.E , "
pS
.01
.05
Mean oviducal.glyeogen_concentfe;ion (ug)/eviducal wet'weights
' : (mg) +SEM '
. s
0.73 ' 0.69 0.47 0.62. 0.44
£.09 . %.14 +.05 +.08 £.02
| L .01
\ .'.0-5
*

-C-= control, and E = (+) 178 estradlol.

enantiomeric or racem;c o,p —DDT given by 3 dally 1p 1nject10ns of 5

mg.

-

 Bracketed SLgn indicates

Statlstlcal treatment consisted of an ahalysxs of variance (ANOVA)

"utilizing Duncan s New Multiple Range Test

lined.

. Like means are under-
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Table 20. - Mean serum calcium levels (ppm) in three treatment gréupé
-of the immature female Japanese. quail. '

s .

' Mean serum calcium. (ppm) *SEM

L . ) *
Treatment groups

E. . co - (-
N -, 5 _ 6 6 - .
48.0 . 50.2° = 55.8 >
: - *k
4.8 +7.3 +3.5 ‘ . ps
.05

Y

€ = control- and E = (+)-178-estradiol. Bracketed sign indicates '
enantiomer of o0,p’-DDT given by Q‘dailyvip'injections of 5 mg.

* K

" lined.

Statistical t:eafment consisted of an analysis of variance (ANOVA)-
~utilizing Duncan's New Multiple. Range Test. Like means are under--
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Liver, oVary and adrenal weights Y ' R

IS

. - . e
Three other organs were*exciséd from -

Oral route—feed

The results of the study in which (+) o »p'-DDT at 200 ppm in the

N tfeed was admlnlstered to immature female qua11 are presented &n Table

22, The data were analysed using the Student's-t—test td,eompare the
~'values obtained for the control versus DDT-treated birds for each

parameter. 1In both the 3 day and 7 day treatments the 200 ppm (+)—

Py

{ o,p —DDT was - 1neffect1ve in alterlng any of- the measured parameters.

Al

That is, for this administration of (¥)-0,p'-DDT no estrogenic activity'

N

: 1 . - 4 . . N . " ) ) . )
was evident as measured by oviducal wet weights, oviducal lengths or

'serum calciuh-levels.' The - serum calcium levels found were higher than
those'fepbrted in Table 20 for;female birds or than those below for .
. e ‘ | T L

‘the male birds. e , .

oo , : . . =T

Oral route—eapsules

.The effects ofvcapsules of.(f)e_or (+)—o,n'7DDi‘admlnisteted\to.
immature fenalevquafﬂlare:shown in Table 23. The (—)-d,p’-DDT‘was;";ﬁ.‘
feStrdgenic-in induclngbinCreaSes in ouiduEal wet weiéhts and_ovidué;ih
lengths whlle the (+)»a p *-DDT was. apparently 1nact1ve. Similai

re51dues of both enantlomers were found 1n the'uropyglal glands but

“more of the'levovenantiOmer seemed to have concentrated in the fat

samples. The small sample size prohibited a statistical analysis of



Table 21..

- . N

?

Mean 11ver welghts, mean 11ver weights/body wexghts, mean
-ovary weights, mean ovary we1ghts/body welghts& mean
adrenal weights and mean adrenal welghts/body weights for.
1mmature female Japanese: qua11 glven ip- 1n3ect10ns of

,:(f) 178 estrad101 ‘or o,p -DDT..

Treatment groups - A
e B DT (g (=) (+)
N7 8 - 8 8
' . Mean liver wet welghts (g) +SEM .
2.57 - 2.77 2.97 . 2.84 2.77
’ ) | . o N S ) ’ L i el
.15 - x.30 .23 £.13°  pS
> ‘ , . .05
Me!h llver wet. welghts (g)/body welghts (g)x 100 +SEM
2:94 318 3.38° .. 3.23 3.21
+30 £10 - %20 . -+, £.09 o
t Mean ovary wet weights .(mg) *SEM t
N 8 R A - S e
2106 . 19.7 21,90 20.6 229
Cox2.0 :2,3 L -d1v9 - o #l.8 #1.87% e
. S e e s
. Mean ovary wet welghtswimg)/body welghts (g) x 100 +SEM"
23.2 L. 23.0 - 249 25.7 26.6
$2.Y <. t2.8  :1.9 . $2.4 £2.1
A - k. ..05\\
. g
. \\

A
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Table 21; Continued

c E . @ =)

L] . ' «
Mean adrenal wet weights (mg)~+SEM

N7 & 6 1. 6 )
. 5.4 6.4, 6.4 6.5 7.5
+.5 +.5 +.5 %7 $1.1 ps
" " . .05
< |
: 4
Mean. adrenal wet welghts (mg)/body welghts (g) x 100 *SEM
6.2 A 7.4, 78& - 9.0
.6 %6 - . tl6 . t10 T £l.3
' ‘ - o .01
.05
&£ T

\ -
. .
C = control and E = (+) 178-estradlol ) Bracketed sign 1nd1cates
enantlomerlc or racemic 0. iy -DDT glven in ‘three dally ip 1n3ect10ns

of 5 mng.

% ' ’
Stat1st1cal treatment cgn51sted of an analysis of variance (ANOVA)

' utxllzlnq Duncan s New Multlple Range Test. Like means are undei-
‘ llned . R S o
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~the residue data but'éertainly both enanticmers were transported within

'

the birds' bodies. Interestingly, the (—)fo,p'wDDT—treated bird with

the highest residues of o,p'—DDT ih‘the fat and uropygial gland had a
| .

serum calcium level higher than the other 5 birds of this study aﬂﬁgihe_

other 26 birds of the treated feed study (Table 22). This bird as
well had exhibited the greatest estrogenic response.to the b,p’—DDT

. observed in this study. . ' "

Male Japanese"Q§;{E> -

sc injection - testicular wet weights

The effect of sc injections of 4 doses of (f)—l?B—estradiol ph
the testicular wet weigh£s of male quail switched from a short (8L:16D)
to a lohg (14L:16D) éhotoperiod is shown in Figuré 13 and Table 24.

‘Only the 0.5 mg/2 days dose of the estradiol ;ignificantiy (p=.01)

prevented the ekpected increase ofitestes wet weights. The effgcﬁ of
the O.dSVmg/Z days doseqof the estradiol approached'significan;e while
the enanﬁiomersyof 0,p'-DDT were without effect on the testes weights.

<«

ip injéction - body’Qeights

The mean initial injéction body weights for the second group of
male birds are presented in Table 25. " There was no significant "

. difference among groups for this parameter. ' The mean weight ehanges
-l o : .

for the yariégs treatment groupé for the 10 day. study'period are

‘presented in the same table. The two groups treated with the two doses
. . vl . . ~ ) . . .

of (+)-17g-estradiol differed (p=.01) from each other but neithér mean

differed from the control at pS.0l. At ps.05 the group treated with

95



Figure 13.

£
The effect of sc injeétions,of‘(f)-l?B-estradiol or_tﬁe
enantiomers of 0,p’-DDT on light-stimulated testicular wet
weight increases in Japanese quail switched from a short
to a long photoperiod. The testes weights expressed as

proportions of body weigh;s'are.plotted for each bird and
-means for ‘the estradiol-treated birQE are joined.



TESTICULAR WET WEIGHT (mg) /BODY WEIGHT (g9 .
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' than the controls« ' R '» R

N ' : ’ i : i
. B . :

Testicular vet wéights .

The effect'ofgtwo dose‘levels of (¥)-17B-estradiol, twc'dose levels

"bf (t)-o~p'4DDT and one dose level of (4)—0,p'—DDT‘and‘(+);d,pf—DDT on

”'the testlcular wet Qelghts of the ip 1njected male quall is shown in

Table . 26 and Flgure l4 At pS 01 none of the compounds tested affected
the testicular wet welghts but at. pS 05. the O 5 mg/2 days of the

estradlol sxgnlflcantly offset the expected weight increase. Thus the

estrogenlc act1v1ty»of Q,p -DDT was not ev1dent-1n the male birds for -

- this parameter.

Serum calcium levels

Selected‘sefum samples originatingffrom birds of both the sc and
ip 1njectlon studles ‘were analyzed for‘€2101um levels. Only the
hlghest ‘dose of (+) 17B—estradlol (0.5 mg/2 days) was - able to lnduce

. (pS.01) an lncrease in the serum calc1um (Table 27) The O,p -DDT

treatments were without effect.

Testis histology

'Histological examination < testes from the-various treatment
'groﬁps (Tabled28) revealed no 5, 'S8 ahnormaiities in the morphelogy of
seminiferousltubules regardless ©f the tréatment. Thevmaturity'pf.the,
'testes was,c;assified as shown in ®atle 28 and only the group tfeated
with (;)-17Bfestradici (0.5 mg/2 days! exhibited a delay in maturation’

when compared to the control.
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Figﬁre 14.

¥

The effect of 1p injections of (+) - l78~estrad101 or Q,p o
DDT on light-stimulated testicular wet weight increases in

_Japanese quail switched from a short to a long photoperiod.

The mean testes weights/body welghts are plotted . their’
95% confldence limits.
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Hlstologically determlned testicular maturatlon stages for

'}Japanese quall switched from a"short ‘to, a long photoPerloa

LT  ﬁand given ip Lnjectlons of (+) 17B~estradlol or’ an enantlomef : /\‘
'ﬁ,'fof o,p '~DDT. , R

]

g ,;k.j}ﬂ,}fJ;Ezll; _\Tes£3Cﬁlar.Wet RN o “* .
oTreatmen€” . . .weight (mg) & ., . Mat“rat1°“ stage
"1 Control. = .. L T13.1 Lo I o '

. 8L:lep. .. a8 o7 CII L g

Control .~ - - 237.6 SRR © & S
© 14L:10D . 272.6 EEEEES & & SR
3474 e e
Tl - 408.6° - e e IV
L = 62902 - o\ SRR o' A
R o 829.2 . e T

(+) l7B—estrad101 o - 23, 1;,_ : i BEASEENENEES & SRR
14L 10D ,Q C o 26L0 s S
‘ - aesds SIS
(o 5 mg/2 days) o ;.ﬂlso o*; RS 5 % SUR
L . 392 S o RSN 2

C(S)=o,p!-DDT 2141 . o gyl
Mle"" 3 B R R SRS A
(5 mg/z daYS’ STt 21803 T Ty

Ceslia oo LTy

S (#)=0,p’-DDT L 317.0 e e 2T gy
14L:20D° - . 368060 o o . v
Tt R SR R | 2 3 T 1y
(5.mg/2 days) - . v .434.2 : o R & & S
L 41803 o Iv
- 562.9 . | ) ; S

».k+)_o’p':66§:[f5_.,_'_ . 594.6 o T | IV
. 14L:loD . - e
(10 mg/2 days)l

L

'\Bgferen¢e;  Mq§her and Wilson (1964).

o T T
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.’,,;expressed as a proportlon of body %aelght this affect for (- )-o,p -DDT
‘was no longer 51gn1f1ca]

.for the blrds treated w1th (+) 178 estrad101 (Q 05 mg/2 days) was

u

”,Liver wexghts R L A .

4

L1Ver welghts and llver welghts as proportions of body welghts fOr

xS

1the male quall are presented in Table 29 At p— 01- the mean llver welght
"for the (=)o, p ~DDT treated bxrds was 51gn1ficant1y greater than the

‘10 day cantrol value “but not from the da 0 control value When -

[
(P— 01) but the mean llver welght/body welght

‘signlflcantly heav1er than the 10 day control values For the time ¢

N
course of this study and the Sample 51zes used the 0 p -DDT dld not.

-

v~alter the llver welghts 51gn1f1cant1y The fact that llvers of 10 day

control groups and the (+) o,p —DDT—treated group tended to be 11ghter

~4than the day Q. control group and estrogen—treated (( -) -0, p —DDT and

-y .
(+) l78—estradlol) groups may be suggestlve of some effect

Adrenal and spleen welghts

S

. Two other organs from the male quall the adrenalw and spleens,

were exc1sed to determlne 1f the treatments of (+)- 178 estradlol or.

'o,p —DDT could e11c1t gross changes in the WEIthS of these organs

S

‘.The results presented 1n Table 30 1nd1cate that welghts of adrenals

e
and spleens were not affected s:.gm.flcantly (p~ OI) by the treatments
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Table 30. Mean adrenal weights, mean adrenél weights/body weights, mean
spleen weights and mean spleen weights/body weights for male

Japanese quail switched from a short to a long photoperiod and

given.ip injections of (+j-17B-estradiol or o,p’'-DDT.

Mean,adrenai wet weights (mg) ' SEM
X *
Treatment groups

Control E (.5 mqg) (f) 5 mg Control ({-) 5 mg Control (+) 5 mg
8L:16D 14L:10D 14L:10D 8L:16D 14L:10D 14L:10D 14L:10D

‘day 10 day 10 day 10 day O day 10 day. 10 ~day 10
N 10 6 5 7 6 5 6
7.1 7.5 7.7 7.8 8.0 8.4 . 9.2 .
t.4  t.8 £1.1 t.9 " +.5 1.1 +.5 p=
Mean adrenal wet weights (mg) /body weights (g) x 100 +SEM
'6.7 6.9 7.6 7.0 7.0 8.1 8.9
. .4 .8 ). *, .6 *1. - .
1.2 8 : . *f1.0 6 o1
‘ N .05
Mean spleen wet weights (mg) *SEM" ’
©30.1  25.5 28,0 - 32.2 . 26.5 31.5 22.3
-*3.1 *2.0 1.9 5.2 3.3 *4.0 2.7 05
, . : oo ~ N
Mean spleen wet weights (mg)/body weights (g) x 100 ZSEM
9.0 23.7 27.2 28.4 -~ 23.3 030.3. - 21.5
£2.9 %2.3 0.8 . *3.8 2.8 . 3.6, *2.3 05
1 = (+)-17B-estradiol. Bracketed sign indicates enantiomeric or

racemic o,p'-DDT. The doses/2 days, photoperiods and duratiohégf
Lreatment are shown. : '

. . t e

% . : : '

Statistical treatment consisted of an analysis of variance (ANOVA)

utilizing Duncan's New Multiple Range Test. ' Like means are under-

lined. .
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DISCUSSION

The route utilized for the resolution of the enantioﬁeric forms‘of
o,p'-DDT was boﬁh 'rapid and simple. The (%)-0,p’-DDT was obtained
ieadilj iq_suitable purityAffom technical gfade DDT via crystallization
from three different solvents (Héller ét al., 1945). The mononitration
of (%)-o0,p'-DDT was relatively specific which‘allowed:for the isolation
of a single mononitrated derivative in pure form (Figure 4) and its
reductiop to the amine was appafently typical of aromatic nitro‘compoundé
(Vogel, 1967). The usuéli"trial and errox" teéhniqug'(Wiien;‘l97l)
resultéd in the discovery that opticaily pure (+)-10;camphqrsulfoniC"
acid would yield stable disastereémeric salts-which could be qustallized
frbm an appropriate solvent (aéetonitrile)5

" The diastereomeric salts wérgisepa#atéa‘using both a crystallization
and a refl-x te;hnique but for this.resolution the reflux technigue had
obviOUS‘advantages over the.moré common crfstallizatioh method with
respect to both the amount oflfime'and number of treatmgnts réqﬁired..

‘Experiméntation indicated, howeyer, that more labile salgs such as

* those of carboxylic acids (mandel;c or taffa;i; aciéé) and the (t)4NH2—
0,p'-DDT would not Qith§tand the rather hérsh conditions of:the reflux |
sy;tem although‘the choice of solvent ma; have been criticéi.

o The deaminatiqn o}f“the NHz—o,p'-I-DDT enantiomefs to the éorresponding

+ 109 - Y
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o,p'-DDT enantiomers was effected in high yield by treating the
diazondum salts with hypophosphorous acid(Ségar et al., 1972). While
it was riot possible to estimate the enantiomericdpurity of the resolved
amines by NMR,usinQ.Siever‘s reagent, the similarity of the magn:tude
of the specific rotations for both the amine (-171.0 and 166.4°) and
parent compound (-17.9 and 17.7°) would suggest that tﬁe\resolutibn.may
have been complete at lea;t for the levo form. The specific rotation
of the (~)-amine was not inoreased oy additional reflux or.crystalliZaJ
ti;etof its (+)—10-campeorsulfonate salt. |

The fact tbet an opticel resolutioh.ﬁad taken plaoe'was verified in
" the biological studies of the edantioﬁers of ‘both NHz—o,p‘—DDT and
o,p'—DDT. Both racemio compognds‘were found to be estroéenically active

in immature female rats but this estrogenic activity was subject to the

]

phenomenon of'bioiogical stereospec;ficity.

‘The estrogenic activitz of racemic 0?p'—DDT has‘beeﬁ dooumented
repeatediy in recent years (see'Introduction) but it was not until 1975
'that blologlcal stereospe01f1c1ty was reported to be of potentlal
. segnlflcance to the estrogenlc effects of this compound (Kupfer, 1975;

- McBlain and Wolfe,'l975). It may be that the property of opthal
act1v1ty in o,p '-pDT and its analogs had been overlooked until 1975

since no prevxously publlshed reports had contalned any reference to

this property. The resolutlonlof tbe enantlometlc forms of_NHz—o,p -
'DDT and'o,p'-DDT has permitted the compafison'of the telative’estro-'.
genic activities of these optioai isomers. |

The sen51t1v1ty of the immature female tat uterus to various

~exogenous estrogens (Astwood, 1938; Bltman and Cec11 1970; Cec11 et al.,
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197l1a) made it an excelient test SYStem.for the determination of the
estrogénrc activrties_of the 0,p'-DDT enantiomers as well as several
o,p'-DDT derivatives. Both uterine wér weights and uterine glycogen
levels, two easily méasured‘parameters,jincreased markédly‘only 18
hours after adminisfration of actiueuestrogens.

For the present study of the estrogenic e!!ects of o,p'- . and
its derivatives, immarure female rats; 20-21 days"old, weighjng‘hetween

.

35 and 50 g were utilizad. _Thermean initial body weights of the rats-
“in the various.treatment groups (Tables 9 and 10) did notldiffer from
. 4
the controls (pS .01, .05) with the exceptlon that the rats treated with
2?5 mg/kg of-(+)—o,p -DDT in the first part of thls study (Table 9)
‘Were statisticaily lighter (p- .0%) than‘the control animals. However,
aven if these lighter rats were somewhat less capable of-responding to‘
an estrogen it is doubtful if-tha dirfarencés.in body‘weights‘oould
account for.the‘differences in estrogenic responses t04(&)4,,(t5— andxf.
‘t+);o;p’—DDf observad at 225 mg/kg (figures 6;8 and-Tabie 13). It |
;vouid seem that the_ estrogehic respo‘ns.e.s‘vof“ rh'e rat‘sv to the'.various
chemical traatments‘were the resui; of‘hha1estrogenid’§otané§as ofathe
compounds,under,§heexperimgntal oonditfons'uti;izaddanddWere;not |
related to_the'naturity or the rats:asvrefléoréd in‘hOdyrwéighrsli
The mean 18 hour body welghr changes for the.25.trearnent groups

of rats (Tables 11 and 12). ranged from L. .0 to 5 3 g. .Several-of these'.
vmean weight galns dlffered 51gn1flcantly from each orher but nOne or
them dlffered from the control value, 3 7 g, at p- Dl. For p— .OS the
rats treated with (-)- or (+)-0 p -DDT at- 225 mg/kg had mean welght “

gains 51gn1f1cantly lower than the controls (Table ll) as dld the (%) -

o,p'-DDA and (+)-NH2-0,p ~DDT-treated groups of Table 12. —Fhe adversg
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e

behavioral reactions exhibited by rats immediately following an injec-

tion of (#)-o,p’'-DDA or (*)-50 Na—O,p'—DDT was squestive of a toxic

3

effect of these compoundq and the anlmals so treated along w1th those

injected w1th the hlgher doses of o p '-DDT had mean welght galns whlch

‘tended to be lower than those of the other groups. While ‘these flnd-

ings may be regarded as evidence of a toxic action of the cohpoundé it

~is difficult to evaluate the data since 18 hours was a short time. over

("4

which to measure the relatively insensitive index, body weights. It

‘is'difficult to explain why some.groups had mean-weight gains greater

than the controls (not statlsflcally 51gn1f1cant) but thlSnprobably

. was not an estrogenlc effect of the admlnlstered compounds since the

‘.

two estradiol-treated groups had mean weight galns almost identical to

the control value.
The dose-response relationships for the effect of  (+)-0,p'-DDT on

the uterine parameters, wet weight and glycogen levels invthe immature

v

rats for the-bresent etudy (Figures 6 and 7 and Table 13) Qere similar

to those reported earlier by Cecil et al. (1971a). While the uterine

wet weight increases induced by (%)-0,p'-DDT in'the’current'study were.

" almost identical to those reported by Cecil et al. (1971a), the makimal
v e ' : < ‘ -

uterine glycogeh'levelsfin the.present study.were lower. This'may be.
explaxned by the fact that both the straln of rats ‘and route- of admlnl—
stration of the compounds dlffered between the two studles._. o

The (i)—o,pv-DDT-indqged increases in uterine glycogen concentra-

_ tion (Figure 8 and Table 13) were calculated on the basis of the uterine

glycogen levels Mug/uterus) as proportions of the hteride.Wet weights

(mg) rather than on a dry‘weight basis. An examination of the data of

:Cecil et al. (197la) had revealed that - uterlne dry welghts changed llttle

!
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for doses oflig)-o,p'-uDT above 1 mg/rat:(about 22 mg/kg for a 45lg rat)
and therefore a presentatlon of uterine glycogen as proportlons of
uterlne dry welghts would have paralleled the 51mp1e presentatlon of
’,uterine glycogen levels alone.d'Bdth sham;;hjected and (+L—173-estradiol_
. o R

injected animals‘serVed as "controls" for these studies of estrogenic
activity. ObQiOUSIy the well—knan estrogenic activity of (t)—o,p'—DDT
in 1mmature female rats has been. ;erlfled in the present study .

The eztrogenlc act1v1t1es of both (£) -0, jo} -DDT and" (+) l78—estrad101
vih immature female Japanese quail in the p:esent»study'(tlgure 12 ahd
Tables 18 au%'19).were almost identioai to those reported previously
(Bitman et al., lQGé)f In both studies the "compounds were admihistered
" by ip injectién and it is_likéiy thatbcooke‘(1970)‘had failed to induce
~ estrogenic respohses in‘his fehale quail treated with (£)-o,p '-DDT
; . ‘ ‘ . .
hecause he administered the compoumd intramuscularly;

~The choice of route for the’administration of‘compounds_was‘
critioal_to'the'results'ohtained hereih. -Cecil et”aZ;'(197Ia)
'administered both”(f)-i78—estradioi and (%)-o,p'-DDT to their rats via
the Sc‘route but inipreliuinary experimeqfsvconduotedhat the outset of
‘the current studies nobresponse waS'ohtained for:(i)—o;p'—bDT via this
_route.}iAll experimehtal conditions were‘thought‘to'bevthe’samevas those
.of.qeoiliet'él..(l97la) except that the site:ofvtheir'sc'injectiohs E
Qasvnot khown. vThe:combined factors of route and-solveht were also
1mportant as sc 1n3ectlons of the (+)-o p —DDT in DMSO dld e11c1t
'estrogenlc-responses. From Tables 14-16 it ‘can be seen. that the (+)—
17B—estrad101 in the curreht study was more actlve in rats when 1n3ected

: v1a the sc route than v1a the ip route. A prel*m1nary-study~had indi- o

df.catéd that this‘sc/ip relationship was -true in immature female quail as

+



well and from Figures'13'ahd l4,ahd Tables 24 and 26 it can be seen
that the admihistered estradiol was agalnVapparently’more:effective by=
the sc rather than the'ip route in male quail.

The ip route in birds was not'completely satisfactory for.the
administration of the compoudds tested. The air sacs ln birds may be
ruptured during the'injection or may, prevent an.even dispersal of the
ihjected solution within the coelom. Also it was relatively.easy‘to
pierce the liver,.gall bladder or intestine during the.injectiOn.- If
the liver had-been pierced‘theyblrds usually died ot maSsive hehorrhage
shortly following the injectlon. The only birds which died.during this
study,ldied as a result of an injury'during an injection and data.
»collected on them to that point were.elimihated from the statistical
treatmeht'of the results. If the gall bladder.was ruptured the birds

lost weight but rarely“died.' In a few cases the birds,with.pierced

gall bladders exhibited'higher than normal estrogenic responses probablyv

because the blle‘ehulsified the olive.oil Sleent vehicle. Such birds
were found in all treatment groups so did not interfere with the data
analyses.‘:

The effect of the 1p 1nject10ns on the birds’® health can'be seen‘A
_in the’ welght changes for both the females . (Table l7) ‘and the males
;,(Table 25). All groups of females were 1mmature and grow1ng and
.therefore exhibited mean weight gains except for the group treatedloith
(;)?O,p'-DDT‘(S mg/day for’3 days) . lhe male blrds.had almost'reachedv
their maxlmal body welghts and because of thlS and because of the extra
' treatments (1n3ected every other day for 10 days) all groups had mean
'velght losses except for,the group‘treated with- the hlgher dose,of

estradlol. For‘bothvthe'male and femalé birds the mean weiéht changes

114
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undoubtedly were affected by the injection teohniques used and no assump- '
tions about the toxicities of the injected compounds can be made.

~"The meah body weights for the‘groups of quail at the time of first
injection did not differ 51gn1f1cantly w1th1n either the female (Tables
17 and 22) or male (Table 25) studies. However, ‘the body welghts of
the birds differed accordlng to the tlme they were obtained from Bio-
Science Animal Services. That is, the 1mmature female quall used for the
ip route study weighed between 70 and 93 g while those used in the_oral
route study weighed‘ou1y>44—77 g. Similarly, the male‘hirdshfor the sc’
.study_weighed 64-101 g while those of the ip study veighed 96-113 gqg.
Therefore'while thete'was intetnal uniformity Within the quail studles
.‘comparisons of results’among the studies should be made taking into
.consideration these wéight.differehces The author belleVes that the
various hatches of quall differed in size because of differences in the
manner in wh1d1 they_vere handled by the BioScience Animal  Services
'petsonnel. |

| The (£)-o0, p'fDDTvadministered ip‘to'the ihmature female quail, 5
. mg/day for 3 days to a total of approx;mately 200 mg per kg of body
welght, e11c1ted mean ov1ducal wet’ welght 1ncreases about half those
observed for (- )-o,p —DDT (Table 18) Alternatively, in rats, a ‘dose of
200 mg/kg of (+)-o p -DDT resulted in max1mal 1ncreases in the uterlne
paraueters measuredb The (+) ~-176- estrad101 glven to the immature
female quall 0. 05 mg/day for 3 days, a total of approxlmately 20 mg
fper kg of body weight, 1nduced oviducal changes similar to those for_

\

v(t)—o p'-DDT. In. the lmmatute female rats 0.1 mg/kg of (+)- 178-

estradlol gave almost maxlmal uterlne responses by the ip route. Th\se\

: fxndlngs lndlcate that the amounts of (t)-o,p '-pDT requlred for uterlne
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and ov1duca1 responses in the rats and quall respectively are within

an order of magnitude while those for the (+) -178~ estrad101 dlffer by
at least two orders of magnitude. That is, while the immature female
tats and quailwegeequally sensitive to (t);o p’-DDT .the quail;
_possibly for some inherent 1nab111ty to respond, were less sen51t1ve to
the effects of (+)-17B-estradiol, The-glycgaen levels in the rat
tuteri were much more sensitive to administered.estfogens than the
jlycogen levels in;the quail oviducts (Figure 6 and Tables 14 and 195.

Tﬁe methodology.qf the.current,quail study included a cenSidera-
-tion of_thevphotoperied since it has been established that‘the'sexgal
maturation of,Japanese quail can-be controlled by regul;ting the light
regime (Follett and Farner, 1966; Tanaka et al., 1965 Wilson et.al.

'1962) The female quall responded to the treatments of (+)-0 p -DDT
and (+) 178- -estradiol desplte the fact that a nonstlmulatory 8L: 16D
‘photoperlod (Tanaka et ql., 1965) was used. .

Administration of‘(t)-o;p{-pDT by the ip route to male quail
failed‘toAqffset a 1ight—stimulated increase in testicular wet weights»
(Figure l4'and Table 26). That is,.male quail held on a nonstimulatory
8L:16D photoperlod were switched to a stlmulatory (Tanaka et aZ , 1965)

‘photoperlod of 14L: lOD and the control birds, exhibited the expected |
increase in testlcular wet welghts Whlle 0. S mg of (%)~ 17B—estradlql
glven every other day for 10 days pregfnted the testicular growth"(pf
.05) the (%)-o0,p '-DDT at 5 or lO mg/2 days for- 10 days was w1thout
effect. i : o T

The dally doses of (%)-o,p'-DDT and (- )—o,p -DDT used in these male

birds were s1m11ar to the doses whlch were estrogen1oa11y actlve in

Ithe females. The (+)~ 17B-estrad101 was not as effecnve via the ip



route as it had appeared to be via the sc route (Figure 13 and Table
2z

24) as discussed\above; The, testes welghts for all groups 1n the sc
study were llghter than those of the 1p study probably because the
| birds were lighter as well (see above discnssion). For both studiesw
(Tables 13 and 14) large variations are 6bvious in the mean weights
of testes from birds which ha! responded to the light stimulus. These
variations probably resulted from individual variations among the
responding'birds. The resnonses appear to be logarithmic';n nature
. , : .

~and the birds were sacrificed be fore any of them had had time to
attain>maximal'responses; Data from near the'mid-points of time-
response and dose-response studies.should be:expected to exhibit
considerable variability, .TheAhistolegieally_aetermined testicnlar “'
‘maturation (Mather and Wilson, 1964) gave an accurate indieation of4the
‘effect of the estradiol (Tabie 28) on the testes. That ?s, the testes
were.classified'as class II if resting\spetmatogonia and;only a few'
spermatocytes were present, class III 1f many spermatocytes were
present and ciass v 1f spermatlde had appeared.’ Whlle the 14L:10D
»control testes were all cla551fled as stage III or IV the estradlol~
treated blrds had testes ranging from stage II to stage v (Table 28).
The. undeveloped stage II testes of the estradlol-treated blrds were
cqrrelated to low welghts of thevtestes~and hlstologlcallyvthese testes
‘were similar to»those of.the short day control'birds ekamined. None |
of the testes eiamined Shoﬁed enidence-of histolegieai,eamage aS'seen
for the estrernicvinseeticide'Keponea(Eroschenko:and'wilson; 1975) .

Othervﬁo%kezs (CampbellAand'Mason, 1975;'Gellert et aiﬁ, 1974) ; -

Gustafsson and Stenberg, 1976; Ware, 1975) have reported that the
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Vértebzate male system is apparently resistant to the estrogenic effects
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of o,p'-DDT. It is important to consider, however, that while in the
- : . ‘ . : N . v

[} .

female system an;@strogenic,compound acts directly on ;he xep:oductive
system, in male vertebrates estrogens must act indirectly via the
hypéthalamo*pituitary“axis. L o

. . . Y Lo

- Estradiol and testosterone levels in female and'male vertébrates

respectively are controlled through feedback mechanisms via steroid
. N ‘ . , i . . X4

R4

~ receptors in the hypothalamus which thereby controls LH -and FSH'reléaSe

by the pituitary gland. The fact that (+)-178-estradiol prevented
- . \ . . L . ) .
means that the estradiol must have

v

~ testicular maturation in male quail

interacted with the hypothalamic steroid receptors to prevent the
pituitary release of LH and FSH.

(t)-o,p'-DDT could appaigntly éffec;\LH but not FSH levelé in ovaiiecto*ﬂ

- mized rats but this is the only evidence to suggest that o,p'-DDT can

~reach and interact with hypdfhalamic steroid'recepéors. In the present -’

N~

study of male quail 0.05 mg of (+)-178-estradiol éGéry other day for 10 o

days (ip) did not affect the testicular development while 0.5 mg/2 days
. . N / . : . ‘ . .
for 10 days (5 times the daily dose estrogenically active in females) was’

.

Gellert et al. (1972) demonstrated that
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effective. .Perhaps a simila; 5-fold increase in ;he dose of (t)—o,p*:pDT_z.f

~ o

between"méle and female bjrds’woula have been required to haﬁg,elicited é7rfv'

Aresponée; Several other.facto;svcouid havé.affectéd the ;esé§nse;o£ the -
m#le birds to (%)~o,p’'-DDT incluéing'its ;ntrinsic acéinzy;_raté of
transportfinté the brain, steréoépecificity of Fhe hypothélamic“ .
ifeceptors and ahy qthef'possiﬁleidifferences betﬁeen t e,ﬁtefiné and
hYpothalamic‘ggtrogen receptoré._

Noné’of the o,p'-DDT treéﬁmeqts_affectedvthé weigbts_of:liverg 9£ 

adrenal glands of the male or female birds as had been reported by

Eroschenko and Wilson (1974) for the estrogenic insecticide kepone,



Increased'liverfweights:could have resulted in the present'study from

an increased sYnthesis-of microsdmal enzymes(to'metabolize'the‘o,p';

DDT) or from anestrogenlc response.~ Estrogens Lnduce fat moblllzatlon

o

rln birds (Sturkle, 1965 and 1ncreased liver welghts might be assoc1—‘.
ted with this;alg ration in‘fat metabolism. AIncreased adrenal,welghts
._wouid have reflected axresponse to the'stress of the_treatments.or‘an
, altered feedbach between cortlcosterone and ACTH through an. 1ncreased
_metabollsm of ‘the ster01d by the 1ncreased ilverdmlcrosomal‘enzyme
iactivity.f The‘timefcourses‘of the experiments in the present study'
,weréjpfobabiyftép short_to'aiiow;changes,in such perameters'to'become
In;the immature femalexratstthe'levo enantiomeric forms of both
.gNH;;o,pfeDDThand o,p';DDT¢were more actire-eStrogens than the,respective

,dextro forms The 1nduCed increases in uterlne wet welghts and glycogen

L levels (Flgures 6 11 and Tables 13—16) demonstrate the - operatlon of .

_blologlcal stereospec1f1c1ty The (- )-0 p -DDT was. more actlve than
:(+) ~0,p -DDT while (+)-0,p ~DDT was less actlve than (+) 0, p -DDT e
o lndlcatlng that the estrogenlc act1v1ty of the racemic compound re51des

;,:wlth the levo form.. Slmllarly, 1n immature female Japanese quarl‘( )—

o ao,p —DDT 1ncreased the ov1ducal wet welghts, lengths and glycogen levels

'}3wh11e the (+)-0 p -DDT was apparently lnactlve (Flgure 12 and.Tables 18

- v,, *l

The‘differing eStrogenic activities for these enantiomers'was not
i . . .

unexpected because the sterold hormone receptor 1s a proteln (o Malley

and\Means, 1974) and therefore 1nherent1y dlssymmetrlc s0 that hormone—

':receptor complexes are dlastereomerlc 1n the case of asymmetrlc hormones

119
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For example, the enantiomcrs of 178~ estradlol benzoate dlffer.}n tholr

estrogenlc actlvitles (Meyerson, 1971) possrbly because of dlfferenccs
in: the chemlcal propertles of thelr dlastereomcrlc assoc1atlons with

the estrogen receptor s1tes. It is also p0551ble that one enantlomcr

-i$ excluded from thegreceptor site‘bi.steric»restrictiOns. For example, -
]‘while the enantiomeric forms‘of’hexestrdl dohnot'differ in their estro-
act1v1tles (Colllns and Hobbs, 1970), nelther form 1s a partlcularLy

actlve estrogen as the estrogenlc effects of hexestrol result from the

actlon'of the meso,form“of thls\compound. The:differlng estrogenlc

‘.activitiesifor‘the enantlomeric?versusfmeso—hexestroleindic' es that"
‘f‘the estrogen receptor 51te has strlngent sterlc restrlctxons..flt is . -
‘also pos51b1e that the dextro enantlomers of NH2-0 5P -DDT and o,p ~DDT |
”‘may have had a llmlted access! to'the receptox 51te because of such
"f'sterlc restrlctlons. E o k
The flndlng that the 1evo formvof o,p -DDT poﬁsessed the R
Mconflquratlon (Smlth Dr. R..A., personal commun ) had been predlcted B

durlng the course of thls work on the ba51s of comparlson of the e,

'?'molecular models (Framework Molecular Models, Prentlce—Hall Inc ) of

= ) R

- s ,
'(+)-17B—estradiol and therenantiomers of‘o,p~~DDT. Thls comparison

1nvolved the speculatlon that the 0~Cl r1ng of o,p ~DDT would assume h
rthe same pOSlthn at the receptor sxte as‘the aromatlc rlng of the‘_
estradiol. When the para 9051t10n of the o cl rlng of o,p'—DDT,was
"4.aligned w1th the 3 -OH group of (+) 17B~estrad101 only ‘the R form of

» .

‘t”o,p ~DDT had the proper conflguratlon to assume a, p051tlon glv1ng a
{-molecular shape s1m11ar to that of th“hstradlpl. lt was predlcted;

that this form wasxahe estrogenlcally actlve levﬁ o p —DDT.

i
B1tman and Cecil (1970) have postulated that a p~OH metabollte of

C



vw1th1nthe ‘0, p'-DDT molecule (McKinney ethZ., 1974) is an essentlal

Figures 9-11 and Tables 14-16).. ° - )

0,p'-DDT is the active estrogen so that the above alignment of the

aromatic :ings for the compafison of structure scemed logical. A

v

further assumption used in this .comparison was that the 0,p’-DDT ring

'orienFation would be similar to tr revealed in the report of the
-crystel structure of the racomic modification of this compound (DeLacy

and Kennard, 1972) and thesposition of the*trichloromethyl group was

critical in'giVing,molecular dimensions similar to (+)-178-estradiol.
The rigidity (lack of single bond rotations) in the estradiol molecular

model was obvious and it seems 11ke1y that the restrlcted rotatlon

feature of its estrogenic act1v1ty.' Slmllar compounds with a less

‘restricted7rotaticn of the aromatic rings (0,p'~DDA, o;p’-DDD and o,p’-

‘DDE) are less active‘estrcgens (Bitman‘and Cecil, 1970; this work,

:jlt'is‘also‘possible.tha£ both 0,p.'-DDT enantiomers had equal access

o

o

to. and associatidn with the estrogern receptors but that the differences .

Uin-tﬁe properties of the'diastereomeric complexes so-formed were adequate

tohgive differing estrogenic responses in the target tissues. The

R

rdifferences between the hypothesized diaste?eCmeric complexes:could

affect any. one of the. several steps in the mode of action sequence of

'stefoid_hcfncnesv(O'Malley and Means, 1974). That is, steroid hormones

o

‘act by entering the cellular cytoplasm, binding,ﬁith;a recepto: and

: . . . » .-‘\'. ) : . . . . .
travelllng into. the nucleus bound to the receptor. 'Once in the nucleus

r

- the steroid- -receptor complex becomes assoc1ated w1th the chromatln and

»
©

a‘lnduces blosynthe51s of RNA and thereby protein. One of the proteins

A
thought to beésynthe51zed (renewed) is the receptor proteln 1tself and

"the other . protglns are cell spec1f1c dependlng on the type of tlssue and

oit ‘ . o
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its function. The study in which capsules of the enantiomers of o,p’-

" 'DDT were administered'to‘immature'femalevquail~(Table 23) indicates that

both‘enantiomérs were transported within the birds and both would have
been carrled to the tissues’ posse551ng esrrogcn receptor sites.
Bltman and - Cec1l (1970) suggested that (+)—o p'-DDT acted as an

estrogen'ﬁolrowing hepatic para—hydroxylatlon of the 0-Cl rlng. In the

‘present study a hydroxyl group was 1ntroduced into one meta position

(para to the- chlorlne of the o- Cl rlng) and this hydroxy derlvatlve

was a more actmvehestrogenﬂln the 1mmature»female,rats than the parent

.

,p '-DDT molecule (Flgures 9-11 and Tables 14- 16) This‘observation
vsupports thg suggestlon by Bltman and. Cec11 (1970) - that a hydroxylated
derlvatlve of (+)—0,p -DDT would be an actlve‘estrogen. However, during
the preparatlon of- thls hydrory compound some dehydrochlorlnatlon |
_occurred so that the product consisted of" about 65% (+)—OH—0 p —DDT and
about 32% OH-0,p'-DDE. It is p0551ble.that the OH—O,p.fDDE was the

mbre active-estrogen. Thislseemsionlikely sinoe o;pf-DDE ﬁas‘only
moderate estrogenie actirity'(Bitman and.Ceoil:‘i970) ahd‘its lacK-of
pactivity compared to (*)-0, p'-DDT mayuresult from the'relativelyp
féreater freeigm of r:tatlon of the aromatlc rlngs, a property not

affected by hydroxylat;on. uNelther (+)—OH-0,p -DDT nor OH-o0, p' ZDDE

vappeared to be as’ @strogenlcally actlve as (+)- 178 estradlol in 1mmature

i . R

female rats for the'conditions of thls study.’

So'me further 1deas:.regard1ng the structural and chemlcal requlre—
ments of estrogenlo-coopounds may. be gained by examlnlng the estrogenlc
act1v1t1es of the varlous derlvatlves ofo p" DDT While the mixture of

phenollc compounds ((+) OH-O,p -DDT plus OH—O p -DDE) was estrogenlcally

tactlve the sulfonated derhvatlve ((:)-SO3Na—o,p —DDT) was-lnactlve

122



(Figures 9-11 and Tables 14-16) but this sulfonic acid dcrivative would
have had a greater steric bulk. The bulky nitro group also appeared

to render the (*)-0,p'-DDT inactive as an estrogen (Figures 9-11 and
Tables 14-16) so a preliminary assessment would indicate that there
‘could be a size restriction for estrogenic compounds in this system.
However, it is likely that several other factors affected the'estrogenic
activities of the compounds tested.

For example, it is possible that an electronic-factor may be
rmportant in determlnlng the estrogenic activity of compounds. It has
‘ been reported that o p -DDT may a55001a;e with aromatic amlno ac1ds
' w1th1n b1010g1ca1 systems through T orbital 1nteractlons (McKlnney et .
QZ.; 1974) and such interactions could be essential in transport and
.receptor’51te associations. Since the amino acids referred to would be
iconstituents of inherently dissymmetric proteins such'transport |
mechanisms-within the animals could be stereospecific; Furthermore
aromatlc substltutlon uath actlvatlng groups would supply electrons ‘to
the " orbltals and possibly enhance the n orbltal 1nteractions with the.

aromatlc amlno acids of both transport.and receptor site proteins;»

Lipophilic compounds'such as 0,p -DDT undoubtedly rely on llpoprotelns
: \

for transport Wlthln the c1rculatory system of vertebrates.

. The compounds in the present study whlch had ring actlvators added
to the parent 0 >p'-DDT molecule (the OH' and NH derlvatlves) ‘were -
‘estrogenlcally actlve whlle the derlvatlves w1th rlng deactlvatlng
substltuents (the N02 and SO3Na compounds) were estrogenlcally lnactlve.

| ‘Another property to con51der is the ablllty of the derlvatlves to
become engaged in hydrogen bondlng _ Both the estrogenlcally actlve OH-

and NH -0,p ‘BQS\derlvatlves may hydIOgen bond to transport or receptor

i
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sites. The’ fact that the (i)-Q,p'—DDA and (+)‘-NH2-0,p'-DDT can ;»hydrogen

bond'butwere»estrogenically inactive means that further factors'must_be

.

taken_into consideration when relating structure to activity.
The interpretation of the results from the type of structure-
activity'studies.carried out in the present project is limited. It is

I

impossible -to determine the importance of such factors as release rates,

of various compounds from various. solvent vehicles, properties of trans- '

port mechanisms within the body, affinities of the compoundslfor'the
.receptor sitesdand the varied and numerous parameters.concerning the
animals used. Ideally, various SOivent vehicles and rcutes'of adminif
‘stration should be utilized and the find;ngs from such experiments
should be correlated.mith the findings of experiments.on the ih vitro
rbinding‘of the compounds with estrogen receptors. ‘A further complica-
tion of tnis txpe of'testing is.the possipility that.the cOmpoundsvmay.
act through activeAmetapolites in the.in,vfuo system. Such metabolic'

processes ‘would. 1nterfere with the 1nterpretat10n of in vitro b1nd1ng

studies and it is probable that such metabollc processes would be

Jstereospecif;c as well. Current methodology will not permlt.an dccurate

‘determination of the binding affinities of DﬁT-type compounds with'
.estrogen receptors because  of technicalbpronlems-inuolyed in'labelling'
these.compoundstadeduately (Kupfer, 1975). |

The results deallng with two add1t10nal aspects of the effects of
o,p —DDT on Japanese quall may be of 31gn1f1cance ‘with regard to the
’env1ronmental 1mp11cat10ns of thls study. 'The estrogenesen51t1ve paraf
meteri serum ca1c1um content, was unaffected by treatment w1th (- )—

,p -DDT %n both male and female blrds (Tables 20 and 27). A dose of”

0. 05 mg/day 0f(+)—178~estradlol for 3 days also falled to affect the
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fserum calcium levels of the immature female birds. In male.birds, a
dose of 0f5 mg of (+i—178-estradio1 every otner day for 10 days substan-
. tially increased the serum calcium levels {Table 27) indicating that the
: estradlol treatment had the po:entlal to be effectlve in alterlng this,
parameter in the females as well. The doses of ( )-0,p -DDT and (+)-
»17B~estradlol used in the female blrds had given estrogenlc responses’
'for the measured ovxducal parameters. ThlS demonstrated that the calcium
response was atless sénsitive indicator of estrogenic activity, and that
the doses of 0??’;DDT and:estradiol used‘maydhavevbeen too low. Further-
more tne birds maywhave been'too young tofrespond to tne‘treatment'or
the time~intervalvtor'the treatment may.haye‘been-tooﬂshort. ‘Estrogens
act in‘conjunction with parathyroid normone_(PTn)'to elevate serum ;
caicium levels in birds (éturkae,diQGS) and the degree‘of activity of
the parathyro%ds‘in the“birds of the present study is unknownf Interest-
‘indly,‘one remaie bird treated;uith.capsulesdof (~)-0,p'-DDT (Figure 23)
‘exhibitéd a:nigh estrogenic oViducai response, had relatively hignltiSSue
levels of the DQT and also had an eievated serum caIcium:level.,-
vaiously, more research could bé doneitovexamine the possibilityltnat'
pr'-DDT.might affect'the calcium metabolism in avian speciest
. W1th1n the current study -a technlcal problem was encountered in the
'determlnatlon of the serum calcxum levels. Birds from whlch the blood
.samples were removed by. llve cardiac puncture (Tables 20 and '27) had )
vjserum calcxum levelsnlower'than s1m11ar,b1rds from which the blood was i
.. removed follow1ng‘chloroform.anaesthe51a and‘dlrect puncture of ‘the
ventrlcle (Tables 22 and 23) The reason for thls difference 1s‘uncertaini
but the effect of rupturlng the aort1c arches, atria and other vessels _

durlng the llve cardlac puncture is unknown Furthermore hemolysis was
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vobserved in most of the‘samples‘taken by this method. The gesuitpnt.
variability in the results from these'samples'prevent.apparentlf |
differentjmeans from being stafistically different (Table 27). How-
-ever, since. an estrogenlc response ;o one of the treatments utilized .
should have glven a two to three-~ fold increase in serum calcium levels
as seen for the male birds given the higher dose of est:adio} ‘Table 27)
it seems uniikelyvthat the statistical iuferpretation of this data is
biased; ) | » .

" When (t)fo,p'—DDT was administered by a more natural'route (aboug‘
- 200 ppm.in the feed) to immature.female quail‘ueither_the serum calcium‘
nor the measured oviducal parametess'were'affected (Table 22) similar‘to ‘
the results of Cecil et.&l. (1971a) and Clemenu.aud Okey (1972) fos rats.
.Thisvdose was far in_excess of levels likel&tto be eucountered\by birds'
in the,wild.- However, the possibilitY'that pﬁysiologicaily active»meta-

s

boIites of DDT are p:esenﬁ in natural feeds in areas where DDT is used
as'an insecticide cahnot be overlooked. -

| The bifds given the 200 ppm of -dietary (t)—o,p'—DDT consumed anv
average of about 15 g of feed per day which would have glven a . daily
dzntake of ‘about 3 mg of (+)-o,p —DDT. When the estrogenically active
levo isomer of_o,p -DDT was admlnlstered orallyaln capsules an estrogenio
vrespouse was observed butvthe.dose for,thisviatter study wasjabout 20 mg/
day for a total of about 60 mg However, if it‘is assumed that tae fatb°
makes up about 10% of tﬁf birds' welghts the 3 capsule -treated blrds
would\only'have about .3.5 mg of the 60 mg-of admlnlstered (-)-0;p -DDT
preseut in body fats indicating a poor absofption‘of»the chemical from |
the gut or a rapid uetaoolism and)or excseuion. : |

, Racemic 0,p’-DDT is a relatively poor insecticide so unless its
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 enant1§mers act in a strongly antagonlstlc fashlon it is doubtful if
the res§lved xsomers are of vaIUe as 1;;ect1c1des.. This - also implies,
'however, that exclusxon of (%)-0, p'-DDT from 1nsectxc1d 1 preparatlons_
‘2of technlcal grade DDT (possibly by a 51ng1e crystalllzatlon from ethanol)
_would enhance thelr insect1c1da1 tox1c1ty whlle preventlng env1ronmenta1
cqntémina;ionvby'an active estrOgen. Interestlngly, ‘both p,p'-DDT and
”S_p,p'—DDﬁtthgh ;re thought to have édve:se effects on w1ld_avi$n.popula—
tions‘(see InE?odgétion) are :espeétively weak»or'inactivg as estrogens
4(.Bi1tm§xl1 and Cecil, 1970). Perhaps the Jack of a simple "cause and
‘effect" ;elationship betwgen‘p,p'—DDE résidues'and‘avian eggshell thiék—
gAAeés (Cooke!f1973) oould be.éxplainédvif the environmental fate of (+)-
o,p '~DDT were known. - ' ‘ |
Other.xenoblotlcs of env1ronmental s1gn1f1cance are racemates

(ﬁ}lkihsdn, 1973) and their‘physiblogical-and phanmacological effecﬁs
Sﬁohld bé eQa;qaféd takiné.iﬁto FQnSideratibn th;'phenomenonbof biological

stereospecificity.
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SUMMARY

The enantiomeric forms of o,p'ZDDT have been resolved and the
specific rotations revealed were -17.9 and 17170.-"

The levo enantiomer of 0,p'-DDT is the more active estrogen in

immature female rats and Japanese quail.

-

. The findings'for this study provide'an illﬁstratibn of the-phenomenon

of bioibgical stereospecificity.

A lighf;stimuIAted increasé'in tésticular Qetbﬁeights in immature
malé Jabapese'quail wasAprevented by.(+)—l78-estr3diql but nét by
o;p(—DDT;f \.'

oA . .

A dose of 200 ppm of (+)-0,p'-DDT in the feed of immature female
. o A ‘ o

Japanese quail was without effect on certain estrogen-sensitive

1

Estrogenicaliy active (t)-0,p’~-DDT should bé.rémoved from the

‘technical'gtade DDT currently used as an insecticide.

¢ ) - ;

P-4
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'APPENDIX 1
. i . ' . ’ B K',. ) : -y

' .Optical: isomerism

R

L ﬁhe toplc of optlcal 1somer18m is: dlscussed Ln most general

organrc chemlstry texts and the follow;ng represents a brléf summaty
.

“['from two such texts (Barker. 1971 Morrlson and Boyd 1967) as well as
two more spec1allzed texts ‘on stereochemlstry (Alworth 1972, Ellél,~ h

- 1962) e o

Chemlcal isomers are structurally dlfferent compounds haV1ng the

i:,

R

. same molecular formulae as 1llustrated for the case of methyl ether

and ethanol in Flgure 15. If thls dlfference between 1somers 1s,

dcaused sxmply by dlfferlng spatlal orientatlons of atpms w1th1n the

molecules rather than the order in whlch the ‘atoms are ]01ned the
isomers are Called stereOLSomers (Plgure 15)
Stere01somers are: suhdavxded 1nto two classes. Those that are

mlrror 1mages of each other as illustrated in . F;gure 15 are called

' Y
x enantlomers whlle those that are not mlrror 1mages of each other are

called dxastereomers.. Stere01somers may also be cla551f1ed accordxng

to symmetry Molecules may be symmetrlc, hav1ng a plane ‘of symﬁetry,

»ax1s of symmetry, center of symmetry or a rotatlon-reflectlon axis of

LN

symmetry and super1mposable mirror 1mages, or they may be dlssymmetrlc,

such that of the three types of symmetry above they ‘may possess no

.e1ement of symmetry‘or a s1mp1e,axls of synm;ﬁ;y only and have

B

- - i
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Figure 15. A 51mp11f1ed scheme .for the c1a551f1cat10n of chegjical
" - ‘isomers (adapted frdm Alworth :(1972) and Morrison and
- Boyd (1967)) The asterlsks deSLgnate asymmetrlc carbon

atoms.’ -
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MOLECULAR STRUCTURAL FORMULA . ISOMER TYPE

FORMULA  NAME OF COMPOUND
C2HgO ~ CH30CH; CH3CH,0H
»methyl  ethanol
ether

STRUCTURAL
'~ ISOMERS

g

e A

| o,p'-DDT
» i 3,
o ‘Cﬂé,H
CqHg - u
" CH3 H M

2-butene
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.

nonsuperimposable mirror images called‘enantiomers. For examplc, a

compound containing a carbon atom bearing four different atoms or

.

chemical groups (an asymmetric carbon atom) is dissymmetric and may

exist as two enantiomeric forms with nonsuperimﬁbsable mirror images
‘ : dv '
(Figure 15).

Enantiomers are optical isomers. That is, they have identical

. ‘0'
chemical properties and differ in only one physical property, the ..
«~ability to rotate the plane of polarized lighgtg' The rotation of
plane p8®larized 1lght (usually the sodlum D line, A = 589 my) is
measured on an 1nstrument called a pgﬁarl‘ﬁter and is recorded as
specific rotatian: ) : - ,
i
Specific rotation = obseryed rotation (deg;ees).
o polarimeter tube x solution
length (dm) " concentr. ton (.:/ml)
o . A .
. T . v . .
ror - laly € o« o o : 4
1 xd- ' ; g . .

>

B8

If the rotation of the plane of polarizedhlight_is to‘the right .x‘
the;enantiomer oerptical isomer is'te;med dextroroﬁatoxxiand given the
“ notation (d) or (+). If the mouation is to the left thewenantiome; is
oalled'levorotat0r§ as indioaéed’oy a (Z) or (-) notation.

Compounds whlch can rodate the plane of polarlzed llght are said

to berptlcally actlve l In a compound consxstlng of two enantiomers g@;,

‘: omers :otate.dight equally but in opposite directions;

TN e . ‘
9"'.’1 M T . ) . . (’1-

.

- 3EnaﬁU1omers may be con51dered ‘to differ ih_one chemical property, ,
Ty reactlon with dlssymmetrlc compounds (Barker, l97f), and :

> fphy51cal -property, the- absolute molecular conflqpratlon about -

the cen®r.of asymmetry. : . . .

* -

o -,,"- 4 ." * e



inactive as ‘indicated by a (%) notation and is called a racemic m
. 4

Therefore a mixture of equal parts of the enantiomers is optically
. : . » .

fication {(mixture). If, however, the enantiomers are resoclved

(séparated) the compound is then optically active and can rotate the

pfane of polarized light.

.

W

od?l-
L .
:g
\
1
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APPENDIX 3
Literature review for (£y~0,p'~DDD

i
i

It has been known for some time that (+)-o,b -DDD possesses

adrenocortlcolytlc activity in mammalian syStemsf(Straw and Hart, :975)
and the following review contains a summary of the literature pe-* nlent

to this area of research.

The adrenal cortex - - o _ .

. The mammalian adrenal cortex is an endocrinr organ which secretes

(1) glucocorticoids, steroids affecting ca%bohydrate and p;otein metabofﬁ

~lism, (2) aldosterone, a mineral corticoid‘Whichfregnlates.sodium

nf_balance, and (3) emall amounts of steroids with éexual aotivity; The
:jadultfadrena{‘cortex'consists of an outer’ zona giomernlosa, a middlei

Lo . e ' R ’
‘zona,fasciculata and an inner zona reticularis (Tanong, 1969). These

i

‘three zones may be of varlable dlstlnctness w1thiregard to both hlstology
‘ and ultrastructure (Luse, 1967; Ganong,_1969) !
. --n K Ao .

Aldosterone (FlgUre 16) is produced only in the zona glomerulosa

-
1

whlle the glucocortlcolds and sex hormones can be produced in all three
\

:adrenal cortlcal .tissue layers (Ganong, 1969) . ?he most actlve -gluco-
/..

cort1c01d prodUCed by humans is cortisol (F1gure[16) and 1ts productlon

is controlled through a feedback mechanls‘wn:h J.tun:ary ACTH (adreno—

: \
: cortlcot;ro_plc hormone) (Mccllvery, 1970) In rodénts, however,,

) 9
wg - ’ i
) . . B

Yiel



corticosterone is the major adrenal corticalvsecretory product and the
, o : :

cortlsol to cortlcosterone ratio varles among spec1es (Samuels and

Uchikawa, 1967) . =

A large,number_of steroid precursors, intermediates and metaboljtes
as well as the active compounds themselves are'usually present n the’
plasma or urine commonly assayed as.a measure‘of adrenal cortical

activity. ’ Comprehen51ve reviews of the blochemlstry of the-adrenal

.

cortex have beén publlshed (Cgpe, 1972; Elsensteln,,l967) and a\brlef
ot

summary from them w111 provxde a ba51s for the 1nterpret5tlon of the.

findings for the (*)-o,p'-DDD studies. below.
. Mostvadrenal steroids except for the androgens and'some metabolites

proids. Thelr blOSYnthESlS beglnSszth the productlon of

.ke from elther cholesterol or acetate (Cope, 1972) (Figure 16) .

\ Ky

. PregnenolOne is acted on. by varlous oxldase, 1somerase and hydroxylase

enzymes in the adrenal cortex'to,produce cortiSol .corticosterone and

aldosterone via progesterone (Cope, 1972 Samuels and Uchlkawa, 1967) L

(Flgure 16) .

. Mbst of the-functional'steroids haVe ‘half livesomeasured in terms-

of mlnutes only and are broken down prlnc1pally in the llver (Cope,

.
v

1972). Reductlons and hydroxylatlons of cortlsol result in such meta-

3

bolltes as those shown in Flgure 17 ;1_' L .

For dissolution: and transport 1n plasma, coxtlsol and cortlcosterone

are bound to a globulln protein called transcortln or CGB (cortlgoster01d

blndlng globulln) whlle the excretlon of the abOVe metabolltes is *f L

dependent on an 1ndreased water solublllty resultlng from conjugatlonv
‘. : D ’
35‘ w;th glucuronlc ac1d_(C0pe, 1972) . . - N L ;_ o 2

‘n

The adrenal cortex also produces*slgnlflcant levels of androgens

<

e’

such ‘as dehydroeplandrosterone and lts sulfatp and.probably trace "
. l’ 42

. .' N . - . . ) : v . . *":.

K
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Figure 16. Biosynthesis of corti'jsolgand alfosterone (Co_pe,'1972)v.

v
o q
L]
o
L
-
-
. - ‘
- «
-
-
, ——
- . h
/
B
'4 . .
. I o . teo I L.
-~
o
«
e ‘ hd ’
P
\,
ot \
G ) ) -~
-
Q



'CHy co0~

\

Cl"-‘3 \ ) | ::.- |
c=0 . . w« '
. | :‘;ﬁ’ ' ’“v

 ACETATE

N

CH,OH v

. LR

~ PRO TERONE _cbrTisoL
V-PROGES 3‘ oHpoH & O D on L

CORY{ICOSTERONE  ALDOSTERONE

e ..
o T

E" Vo TP SR N
B i : -0 °

EEN



. N : L e .
' .
" r -+ . ‘3;‘
» ‘
n \]
/ ¥ . 4)
| £
: |
] -
‘ . ;
A . ‘ <
. N .
. - s
LS Mo o
e e .
s v ¥
v, v . r ?
~ B
a N L] .
“ K
N ) St oW -
. ’
B v . . .
ey ™

. . 'f""’"’ ‘ ) : : NE : .. ' . .
.. Figure 17. “Some common metabolites of cprtisol (Cop%QB?Z) .
. R . . L . . :.> . Ry i . . ur '..,
K.

[ ’ o e
d . . . s
N .
kY q . 'Y v, 9
Yy - . -
-
.
» P -
. . v - < ‘
" N ) - N
. ~ -
. L) Di’ :
R - Y .
* ..& 3 -
B e -
! .

. - ke
k o 3 )
¥ ’
- Lv ]
i . .‘
' e ’
<t ! M !
' s s
- . § . > arYy
\ G '
N oL X \ . v
o,
. A e s , -
- : ., pe
.
- ¥ .
» . °
. N -
. N . ’ v
\ 4 ’ ' ¢ L]
SN .
- r A}
. -
. 9’
B 8 .
- . . 4 §
. ] ’
B . .




- 3°<-HYDROX\(AE‘TIOCHOLANE
HYDROXYCORTISOL -'1'17 ONE

Lo coe

R . . o B
[ N - R T, - X v\.

166



. 167

+
~

‘ o hﬁn C - .o ' , .
o O

Amoupts‘of estrogens bUt normally thls production ls minor compared to

. the productlon of these steroids by other ?rgans (Cope, 1972). .
e B B . '% ; . a~ ' ' . | \
‘*"ir o : . 4 . M

¥

L} ¥Lp —DDD-ea:ly studles

‘ C e D A ,
In 1949 Nelson and Woodard reported that tech-:,% grade TDE
(DDD) had produced se\ re. adrenal cortical’ atrophy in lO dogs treated.
with. 50 - 200 mg/kg/day for 1~ 33 months Grossly, the affected

adrenals were feduced ln 31ze and mlcroscoplc examlnatlon revealed that
%

the zona reticularis had atrophied.totally. The zona fasiCulata
-t
exhlblted cellular changes and structural dlsorganlzatlon while the

least affected zona glomerulosa showed some cellular and zonal outline
.~

chdhges. a later study~¢evealed that in extreme caSesfneciizls of the.
. Y AN
entlré‘adrenal cortex oﬂwthe dog could be produced (Ber&g sta1~pt al

9

-

19; .bx DDD treatment.' The adrenal medulla was unaffectgd On this "§“T‘
. ¥ 0 B v .

Y \
W

-vbaffs it vas concludéd that an example of hlgh Schemlcal spéc1f1c1ty in
L
the causatlpn of damage-of an 8§gan" had been dlscovered and the ‘

sxmllarlty of t@igﬂ;anhge to that‘Seen for Addlson s dlsease (adrenal

Eﬁ g o
hypocort1coxdism) ingmuxwas reéogn;zed gﬂelson and WOodard 1949) I

Prev1ous DDD studles on rats, mlce, rabblts as well as dogs had

A

not resulted in the' above—mené!oned adrenal damage (Nelson and wOodard

BN | . -

\
1949). ’Exmllarly, in the first reported controlled DDD treatment of‘

»

man nd effect on the adre‘Q}s was observed (Sheehan et aZ ~l953),r de A v
| S N
factors probab1§4were responslble for ‘these flndmngs.; most 1mp;§€§n§ly '

the active factor" of ' technlcal grade DDD’gid not been isolated And__\

<

may not have been present in all preparafions of the techn1ca1 grade PR 2
8 s 4_.,' . ) '

DDD used, secondly, a dlfference 1n specles responsa to DDD has been

£0umd to exist (Foster,.l968- Nlchols and Hennlgar, 1957)

. . . .
Y . c . . v . - .



A8tk \ .
i& . '
The reason for DDD being administered to man by Sheehan et al.
(1953) was to investigate the possibility that it could cure Cushing's
syndrome (cortisol overproduction (Cope, 1972)) through its above-

described effects on the adrenal cort;ek. Although the DDD treatment

was a logical one it failed to offset the effects of Cushing's
. . _ . .

syndrome ‘probably because of the ‘low-'leve'ls administeted .(1.0.6 g/day
for 18 days, ‘none for ﬁ9 days- and then 2.84 Q/day for 30 dyys) and
pOSSJ.bly because of @absence of the necessary"'actlve factOr "

The first study to 1sqlate this "active f?ctor" from technical
. ) ‘\‘:io £
l ‘grade lﬁ resulted in the 1dent1f1cat10n of o,p'-DDD as at least partly
’ responsible for thé observed- adrenai atrophy in dogs (Nlchols and'
Henm.gar, },957},. It was poss:.ble to. extract the ﬁﬂt:.ve principle" from

- -

the fat ,als of treated rats (thef rit .g,;itenals were apparently

~

unaffected by ;he DDD treatment) but tﬂs exta”mnﬂ'was not'poss:.ble a
w

-,

from the fat and adrenals of dggs w1th atrophled adr&aks grhe o,p‘ -'

@

1s0mer of DDB was conflrmed as “the” major adrenocortlcolytlc agent in
techn1cal grade DDD by Cuetdo et aZ (1958) whlle p,p -DDD wasashown;to_"’

,be 1nact1ve. By colonm\etric analys:.s th.ese autl%ors showed that o,p '

N

DpDD d1d accumulate in the adipose and adrenal tlssues of dogs suggest—
<Y .

1ng that Nlchg .and Henmgaf (1957) may ‘have observed only a dlfference _

' in the afflm.ty of o,p -DDD for the tlssues of dog's and rats.\)..
k) Y
) Bes:.des observ.tng tﬁe general health and presence or absence of
g - . v &’ . ’
adrenal atrophy a more sen51t1ve test was used by Cuetoet dl. (1958) to

.-

meaSure a_drenocort_lcolytz.c a_ct1v1ty, AG il was adm.\nistered and a

_'_ W ,a ?@&1**5‘ Q;pe level of
e iR 5% ;
bloo\‘d epémophfls to drop‘ and a faxlure of the ur:.nary excretion of.:

’17-hydrox¥corticold stero:.ds to J.ncrease. 'l'hese authors emphvzed B

e T '," . . C w0
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I
y

~ the importanée'df determdhing the site of action of the d;p'-bDD

questioning whgé; of pituitary production of ACTH, ad;enailresponse-to'
. ~ \ ' :

ACTH or adrenal sé’?oid synthesis‘waskbeing affected. ,.;

In 1962, Cagorla and Moncloa ;eported an in vitro stud;'toieluoi—

.date the modg of action of o,p'-DDD on ;ﬁdog adrenal corte. They

4 . ' =
found a decreased adrenal response to ACTH and a os}tial inhibition of
i . . ) N ' ‘ » *' ) » '
glucose-6-phosphate dehydrogenase (G-6-PD). They felt that the - - \v

inhibition of this enzyme could explain the decreased produotion of
adrenal 17-Ketdsteroids since the synthesis of, steroids féquires
L

reduced trlphosphopyrldlne nucleotlde (NADPH), a Rﬁgdgct of the G—6—PD

h’ ™3 S~

enzyme (Sreboéan et algy 1971) % wt '3‘5' o T

-.\ L e e

b,‘p'-boo-métaboli‘c effects . ..
. » 3R . . 9. .
Gallagher et aZ (1962) confgg

.,:‘ . *
metabolltes in man tréated w1th o,p -DDD and as well éb?ease in:

b

andrbgen metabolltes. But aithough pregnane—3a, 17, 2Oa-tr101 also

decreased and was . a sen51t1ve 1ndlcator of the effect of o,p '-DDD in
man, Asepregnane—aa, 17, 20a-trio] remained at high levels'suggestlng
,'an"alteration in the'peripheral transformations_of'these stetoids.' A

follow-up study conflrmed that 0,p —DDD decreased the transformatlon of
R ‘e m .

38, l7-d1hydrqu—ms-pregnane 2O-one/4u-ﬁ3 to pregnane 30—17 20a~trrol

but did: not lnhlbit its conversion to As—pregnane~38, 17 ZQa—trlol

(Bradlbw et-aZ., l963).f Inhlbltlon of’3B-hydroXy— 5-stero_§ dehydro--'
LV - . »

genase wac suggestéd as the reason for this ﬂffference.

v

This altered per13§eral.ster01d metabollsm‘wa

) - . .:t:_ ~ .\‘

'et'aZ (19643 who found that the prevxously measu
. R

> ;

. .

"cgpflrmed by Bledsoe‘

d aecrease in urinaryz
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T

“

" reflected a decreased adrenal production of steroids since they. found
[ . . .

el

é

.

12

‘that cortisol Qas‘preferentially converted to 6B—hydfoxycortisol in

_their patients,whilé plasma levels and adrenal production of cortlsol_-

G ag

remained stable. 1he_68—hydfoxy§ortisol was more difficult to extract’

from urine'than thegnornally excreted‘tetrahydtQCOttisol and_ tetra-
4 .

hydrocortisone and fallure to meaéure 1ts pgesence wpuld glve mislead-

1ng low levels oizyrlnary steroxds. It vas sﬁggested by}%upfer et al.

o B

0L

(1964) %r a study using gu1nea pigs that o,p —DDD mlght have stlmulatedl

ba- & X .
L % b i~ o
@ T

3 the llver mlcrosomesgln thelr ahlmals to effect the observqg altera-

,u) ; ) )
R . [P : .d‘ : ax, » se
P ! -

tlons 1n steroxd metabollsm. @ ?-“-- L : C Do

1Se

vy A3
’ st dy conflrmed that 0, JbDD cbuti)stlmulate thevva
L _
. L ”
tlsgl by llupr mldxosomes (§ooo—g supernatant) from
;.j » Y \

Y -' " Sy o 5 o
and stgroid metabollz1ng enzymes hadubeen noteﬂ pre@lously and an o

, ..w, . e

increase in lxver Welghts was. fhought to have been 1nd1cat1ve.of a

) - . ,.”.1; - .
de novo synthe51s of these enzymes 6Kupfer and ?eets, 1966) : Buttsuoh

reports do not contrad1ct the earller flnd;ngs that prolonged 0,p‘nD,,~,

- ﬂm\m

treatment eogld cause a decrease in plasma ster01ds and afé%ct adrenal

N

w,. . . .

, cafc1noma metastases (Bledsoe et aZ., 1964, Cope, 1972)

f

4 Kupfer (1969) in a revxewxof the llterature to that txme agaln

~

'ooncluded that-o,p-—DDD'was effectlve~as an 1nducer of‘llver‘mlcrosomes

y ’ ’ R
-as related to ster01d metabollsm in both rats anqjétinea pigs; Tech- .
. v - .

' n;cal grade DDT uas a moreJPotefg mlcrosomal 1nducer than p,p -DDT but

. more potent m;crosémal 1nducer than o,p —DDD and ‘the portlon of

K
~

‘o
Y

1t contained 20% o,é‘-DDT thCh could 1n‘part have been metabollzed to

p -DDD (Fq}l et al., 1973%{2efore actlng. .

Recently, it was shown that o,p —EPT adminlstered to dogs was a-

-~

e& Wlth the ohemlcal. A s1m$1ar1ty 6f drug:metabollzxng .

<

¢

[
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o,p -DDT metabollzed.to 0, p' -DDD in the liver was not .accumulated >
sufficiently_in the adrenals to ex‘it an adrenocorticolytic effect |
' (Copeland and Cranmer, 1974). The 1nduced increase of hydroxylatlon of
e ‘
cortisol to 66 hydroxycortlsol did cause an 1ncreased adrenal size : ..
\\\p\gbably becaUSe of the altered feedback between cortlsolig%d ACTH. 2 &
In mice a 51ngle dose of 0, p '-DDD caused an 1ncrease in pento-
barbltal +induced sleeplng time 1nd1cat1n§ a p0551ble competltlon for -
certaLn llver enzymes (Gabllks and Maltby~lskar1, 1970) but chronic
Wa ot
treatn'wt wJ.th o,p -DDD led to a normal‘*pqntobarbltal response suggest-
1ng that an addltlonal enzyme complement had been synthe51zed This
dJ.pha51c response could pdssxbly explaln the later fJ&dJ.ngs that ©° p
i DDD was apparently 1neffect1ve An 1nduc mlcrosomal mixed functlon

used altered androgen meta—

X .
oxidases in ‘mice (Abernathy et aZ:

~ L7 .

It has also been shown that - o,p" v
R

balism in man (Hellman et al., 1973) and an inhlb;tlon of sterdld hydroxy-
latlon in both,man a§é dogs (Brown et al., 1973) Whlle thlS latter

study and that of Jarabak and Street (1971) lndlcated that only 118—
. i N
hydroxylatlon was 1nh1b1ted Komlssarenko et al., (1972b) found eyldence'

for 38- and 21 hydroxylase lnhlbltlon as well. ’iﬁ?;

authors empha51zed that ;ffs the sake hepatxc enzgme system hydroxy-

lates both ster01ds and some drugs. One of the potent stlmuiators of

rat m1crosomal enzymes ' is o,p -DDD whlch also stlmulates 68—hydroxyla— - L
tion of ster01ds 1n man. Obv1ously 1t may be concluded that o, p —DDD
-has. the ablllty to 1nduce 11ver mlcrosomal enzymes and thereby alter

Perlpheral ster01d and drug metabolxsm. e _*’»

‘ . /'
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0,p'-DDD-clinical investigations

Bergenstal et al. (1960) were the first to use the adrenocortico-
.lytic property of o,p'~DDD to treat meths€atic adrenocortical carcinoma,

a relatively rare Cancer occurring in about two per million population

A

(Hutter and Kayhoe, 1966a) . . They .administered S:fb\f 0,p'-DDD/day for

4-8 weeks to eighteen patients. The metastases,regressed in seven

.

treated patlents, the urinary steroid levels (l7—hydroxycort1colds and
'17-ketoster01ds) dropped in another 'seven and four were unaffected
- These authors considered the results of‘the treatment encouraging but

becausg of the tox1c1ty of o,p'-DDD previously descrlbed by Sheehan
t

" .
et al. “(19?3) (gastr01ntest1nal, central ne’vous system, dermal and

s

muacular effects) they.suggested development of an effectlve but less

v &y '
tOXlC analpg Man, it seemed from thlS study, was 1ess sen51t1ve£to

v @ 4/")

O,ﬁl}DDD than the dog but 1nd1v1dual varlatlon 53 responses amon{?the

patlents was marked "This varlablllty could not be explalned by the

variation 1n_met?bolrsm of 0;p '-pDD foundcln“the patlents,iMoy, 1961) .
'Fron§60 to 65%Aof‘the O;p'-DDD dos; was not absorbed from the gut;'
and was excreted together w1th another 25% which had :een métabollzed
‘to a water soluble derlvatlve. Moy (1961) suggésted that the water

o : |
R -

soluble metabolite was o,p’'-DDA and this was‘confirmed.(Sinsheimer ) s

et al., 1872)..

iIt,wastreported‘later than.d,p'LDthas yeil,as‘several'hydroxylhted
‘fdrms,gr o;p'—ﬁBA.were’metabo}itesfof o;p’fDDD Yhich;could,be'e%tracted‘,[
from»the urine or‘treated humans and from the urine and;feCes;of ~}. .
treated rats - (Relf and Slnshelmer, 1975 R81f et al., 1974) Bovine
adrenal glands dere able to convert o,p -DDD to” o,p '-DDA 1n an in vztro

’

study (Relf et aZ., 1975) ‘and the conver51on of o,p -DDD to-abp -DDE
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has been s ;fﬂﬁ humans (Kvalvég and Stenersen, 1974). f:;f

v

survey of the effects of o,p’-DDD on ‘adrenal cortical carcinoma. They
reported thiffindings of 105 doctors who“treated 138 patients with
adrenal carcinoma between 1960 and 1965 und®r the direction of the NCI

(National Cancer Institute). A further 48 published caees were also

" reviewed. npily‘dpses of B8-10 g resulted in the same reversible toxic

Bl . o ' . N . .
effects found earlier (Bergenstal et al., 1960) but a greater than 50%

‘o

reduction iqrurinary hormcne excretion occurred in 43 of 62 patients

(69%) while 20 of 59 (34%f showed "objective tumor reqression " There-

fore from these flndlngs it was, -concluded. that "o 5P’ -DDD is lndlcated

top

ng and. non-

in the treatment of 1noperable patlents with both fdnct' )

functfcnlng adrenal carc1noma¢ 51nce 1t m: o
¥y :
longevaﬁy. S

Temple et aZ (1969) while treating hypercort1c01dls§g¢aused‘by
Vot

"Cush;ng s synﬂrome were able to reduce the side effects of o,p '-DDD by

lowerlng the daily dosage (3 q) and extendlng the»admlnlstratlon‘period;

They found a decreased production of l7—hydroxycorticoids and hydro~
cortisones but an un ered productlon of aldosterone tqaeﬂbfefﬂgo p

DDD deflnltely did not élter rlphéral sterold metabollsm only but
=

=

gavessome hope as an effectlve chemotherapeutlc agent ln the treatmen%
' ¢

. of H;percortlceldlsm (Ingelflnger, 1969) The altered steroid produc-
. R &« X Id )

,tion In‘one &a.tient was ~couelate%;uth altered ch.stae of the mito~

f .

< chondrla of the zona fasc1cu1ata dnd an essentlally unchanged ‘zona N

» ' S
glomerulosa as. pr¢v1ously reporte% for dogs (Temple et aZ 1969)._

- Two further slmultaneous reports ‘on o,p -DDD treatment of adreno--

LN

'bortlcal carcinoma - gave sxghtly dlfferent results. Sakauchl et aZ..

v
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.. 8teroids. "Each study involved oniy one patient

™

?ietosteroids, 17-hydroxycorticosteroids, 17~ketogenic steroids and

e

'éspqubns as well as plasma l7—hydroxycorticostero}ds and cortisol,

Bochner et al. (1969) reported a regression of metastases but found.no'

[

decrease in(@rinary 17-hydroxycorticosteroids, the only measured .

"

- On the" ba51s of ‘the many above flndlngs the FDA (Unlted Statés

',bod and Drug Admlnlstratlon) in 1970 approved o,p'-DDD gor use in the,

a

‘ treatment of - adrenocortlcal carcinoma’ and Cushlng s, syndromeP(Hoffman

« w3
~and Mattox, 1972 Slnshelmer et aZ X 1972) The mode of act;gngsf o

o,p -DDD however, was’ Stlll only poorly understood

- . o .. o ‘-v “.n F e e
in two ‘Ln ‘Kztro stud'les using. exc;sed !

0 p '~DDD in. vivo it was shown that o,p -DDD And not one of 1cs e
iylltes was'. in fact the active compound (Hart and Straw, 1971a). 3 J

gﬁrthermore, o,p'—DDD blocked' the ACTH-znduced 1ntramitochcndr1al

Pa.

“tonverslon of cholesterol to - pregnenolone ‘but. d1d not: atfect the base—

"0

11ne sterordogenesls (Hart and Straw, 197lb) A temporal relaiéonshiy

-t -

»vbetween the effects of DDD on ACTH‘lHdUCGdPét&tOld output in dogs and

the ultra— and hlstologlcal structure oépthe adrenal cortex s:also_”.'

v S

found (Hart et aZ., l§73). Surprlslngly, although m,p -DDD known" :

94L ﬁgom 1961 to have an effect s;m;lar to that of o,p —DDD (Temple et aZ

N

‘A

';4lyt1csagent'than m,p —DDD. The p,p —1somer of’DQD also caused a

*

1969) thls study demonstrated that it was in fact the que potent of f

u ‘,, . \ 'u

'vtheatwo in 1nh1bxt1ng ACTH-lnduced stero;d productlon and produc1ng

¢

,ulttastructural and hlstologlcal damage.\ Thls is in contrast to the

ol

report by Reznlkov (1973) that o,p DDD/was a more effectlve cortlco-'

" /'r<

~ A

decreased ACTH-induced steroad production although lt requzred

. "‘ ) . ’
’ ' \{ ' Lot

\ .

(1969) found regresgion of the'metastases anddecreases in urinary 17-

174
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- Y : o . o
‘considerably more time than.the other two isomers.to do so (Hart et al.,

i

v

L 1973). . . e |

- Young et aZ‘ (1973) reported that o,p'-DDD appeared to interfere

with adrenal ster01d_synthe51s by 1nh;b1t1n§“the 118~ and 21-hydroxyla=

‘f.tion‘aé'wéil as-side chain Cleavage of cﬁolesteroi. TheSe inhibitions

were thought to be the result of an assoc1atlon of the o,p -DDD w1Lh i

. ,/\ -

mlcrosomal and mitochondrlal cytochrome P 450 Martz and Straw (1976)
. ¥

vlater determ;ned that the p- 450 cytochrome was decreaséd by o,p —DDD

: ' »

treatment and concomltant reductlons 1n mlcrosomal proteln and heme

4

"also occurred. These latter aythors theorlzed that the o

.o . . ‘ . B \ e %ﬁ" ok w

"vdzrectly by destroylng the proteln. heme and P~450 aﬁd_thereby ellmlnat—

- ing steroxd b105ynthe51s.,* a g_ﬁvlr P L E2EE

L
» N . : .

- dogs could be destroyed thh only one to two weeks of treatment w1th 50

F4

L

‘Komlssarenko et aZ (1972aP reported that.normal canlne adrema;

structure and function Were only partlally restored aﬁter nlne months f
of recovery tlme follow1ng treatment w1th o,p -DDD._ Kirk and Jensen
“ 9’1{' .4-‘,

_(1975) found‘that the zona fasc1culata and zona . retlcularls of nd%mal

2
N A

L mg/kgrof o,p -DDD but that 8 of 10 dogs‘treated 1n&th1s,manner appeared

L .

';anDDD makes them an exce}lent test. anlmal for studres of o,p ~DD%'and :

J.ndlcates t.hat o,p -DDD is an effectlve' druig for use 1n th& treatment

Recently three reulews of the treatment of human adrenocortlcal

-4 R

. B a3 _ . .

J carcmoma with 0,p -DDD ha‘{gjfen puhl:.shed (Hoffman and Mattox, 1972- .

: Lubltz et aZ., 1973 Straw and Hart, 1975) : In.the fzrst of these 1t

-

: < .
. ;.
-;of canane hyperadrenocort1001dlsm (Lorenz et al 4 1973, SChecter et aZ.,
“, ' 9 s . . . ) k . .r _‘“ ;' o ~

-f»healthy after 16 weeks of treatmént._ Thié sen51t1v1ty of dogs to o,p —
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B c . o ) ) . . B
as: the‘ earlier repo'rts 'cited would have ‘indicated. 'I'hey found tox1c1ty : '

to be ‘a major deterrent to its use and emphasrzed that because of the

1arge nuinber of varlables xnvelved w1th dlseased patlents 1t was not
possmié to prechct who would.respdnd to_ ‘the ‘treatment. However, it
s Coe K . - . J i n : o . LS ) . B
was. recqnunended/ that~b,’p'—’PDbf be administered in cases where’eith‘er ’
\ B - ) ) . . . ) ) w . ) B . ’V .
.f."- K sdrger?'was not pe'ssibl‘e o;?’here- loﬁered‘irenec:ortical .hormone levelsv )

- ‘would be 6enef1c1a1 %ajj Y et al (1975)' presented data s:.mllar to o

those%f H.ap‘fman and Mattox (1972) *and concluded th%t "there is no e v

. 0 e
- & e .

o convmcm ‘éin.dence that o,p -DDD ﬁas mate{#ally prolohged the llVQs oY
% ‘ ) e .

/ .,.patlé[‘ntw;afferlng from adrenal eancer L . . I PO o
' N Al‘ternatlvely, Lubitz et aZ (1973) in a pa,per summarlzmg the"*‘ P

Sy

e flndlngs J,n 115

r..‘ B I

a7

. &

'neqortical carcinoma patlents treated since the
v 2 5 : .
I -'-'report of Hutt( . hoe (1966a b) concluded that - OaP -DDD was more

. on .
' v

.ief.fectlve“than 1nd1cated 1n earl;er reports;* 'I'hey reported that 85% of .

. . 'R ¢ o . .
. their patlents shoWed a’ §0% or greater ciecréas% in urmary stero:.ds,

a0 o

61\ a measurabl‘e d1$ease response" (reduCtlon!m tumor s;Lze) and 45%

,al resmnsg" (evera.ll.health 1mb¢ovembnt), Contlnued early ﬁ
PR .'th OJP"_DDD in eon;unctlon w:Lth sterozd replaceme{nt therapy : ﬁ. . f .
P s A . . 2
:.f’?l.";‘ nded for optlmal contz%l of the dlseasef,n.' Straw " J )
S X B i
‘ : f," (5-975) presented a detaJ.led llterature rev1ew of the effec\ o
« DDDI in verteorate systems and dlSC ssed the same data wh;. |‘ ‘1 .
";n the ;eport.by Lubltz et al. (1?75) dd-if'vi"*‘f W-, ‘{"/'_':} ;
S A qomment 1n the 1973 reporﬂ °fz“ﬁhb1tz et /aZ tha}:/ no\;é had been ‘
: : : ' D‘ i . . .
L "cured-- Py o,p -DDD resulted :m ‘a letter to U?e edlton. m whlch -1t"wa(‘§ L »

"reported that a patlent w1th metastatlc adrenal caz; 1noma treated wi

9

"’mltotane (o,p -DDD) and’ fluorouracxl had been cured"' for ?yaars

RPN ,
N . !

’ (Schi.ck 1973) ' SJ.mJ.lar "cures" were report7d by Becker and S/chumacher '



(1975) and Ostuni and Roginsky (1975) . ° Sizonenko et al. (1974) also
~reported successful treatment of a patient suffering froﬁ bilateral
adrenal\hyperpl;sia and Cushing'é.SQ;dromé using o,p’-DDD. Luton

et al- (l§73) obtained encouraginé results in the o,p'-DDD treatmdh&

of Cushing's s}ndrome when all symptoms except teoporosis disappeared
in 6 of 17 patients while 10 of the 17 had complete.hypercortisolism
.regression 12 to 32 months after the drug was withdrawn. Scott (197§)
recommended"eariy.treaement of inoperable adrenocortical carcinoma
patients with a combipation of g,p'—DDD ;nd aminoglutethimide indicat-
ing that o,p’—DDé has not lost favor in the treatmant of thi$ disease.

Recent}y, it has been reported thét o,p'-DDD-l3lI has given

excellent results‘as a rédidpharmaceutical for use in the sc§pning of
adrenal\gland; for tumors (ékromme—Kadlubik et al., 1975). vThe authors
cau;ioned that.the drpg'must be used téking into account the circadian
rﬁythmicity of adrenal activity.

0,p'-DDD-other studies QN

Several papers dealing witﬁ'miscellanequs side effects of t;eat—
~ment with o0,p’-DDD and its égglogs‘héve‘géén published. In the chick
o,p'~DDD interferéd with vitamin D metabolism and caused hisfologically
dete:mined'adrenal damage (Cheh'and Bosma:, 1967); Also in_chiqkens
technical grade DDT and o,p'JDDf were reported to be effective
inhibitors of corticosterone production (Sreboéan et aZ\; 19%1) although
the pbssibility that this efféct was a function of an altered steroid

- metabolism alone cannot be excluded. Cﬁropic adhinistration of o,p'-
DDD to rats caﬁsea increaséd thyroid wéighés probably through an induced

increase in thyroxine metabolism resulting in a compensated

¢
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hypothyrdidism (Fregly et al., 1968).  Also in rats o,p'-DDD prevented
renal hy?ertension and the associated effects of bi}ateral encapsulation
of the kidneys with latex envelopes but the mode of action was not

‘ascertained (Frd€ly, 1968). Prolonged treatment of the rat with o,p -

1bly because of increased androgen

‘ . ]

DDD éaused Leydig cell tumors po

.

metabolism since estrogen tredtments were able to cause the tumors as

well (Lacassagne, 1971).

3

An o,p’-DDD—inducé glucocorticoid déficiency in dogs had few.

apparent direct circu1atory effects except for the ability to with-
_Stand ‘the stress of'thofato;gmy and multiple injections'qf vasopressor
amines (Cueto and Moran, 1968). Dogs were found to absorb more 0,p’-
bDD from ghe alimentary‘canal than dia guinea pigé (Korpachov, 1972)

possibly explaining one species difference in the response to this
. . » _ .
chemical. Men occupationally exposed to DDT were found to have normal

[

“adrenocortical secregion of co%}isol (Clifford and Weil, 1972),

Administration of Aroclor'i22l polychlorinated biphenyls (PCB'S)

A\

to rats resulted in adrenocortical hyperfunctioﬂ\as-measured by plasma
N 0 (W ,

corticosterone levels (Wassermann et al., 1973). This increase was

N

éhoughtAto be a result of stress induced by the PCB's or compeﬁitive
metabolism beﬁween‘the measured sgéroid and tﬁé PCB's in the livaer.

&In an in vitro stuay utiiizing rat uteri, lo'ppm 0,p!-DDD was
showﬁ to inhibit 178-?H—estrédiol bindingxto uterine receptors (Nelson,
‘1974)’and in an in vivo studyhthis estrogenic activity ;as confirmed
x(Gellert and Heinrichs, 1975)1‘ Injéctlons of 1 mg (*)-0,p’'-DDD into
neonétal rats on days 2, 3, and 4 aftgr birth resulted in persiétent

vaginal estrus and an absence of corpora lutea later in life as

previously reported following treatment with known estrogens and

\

§

)
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(+)-0,p'-DDT (Heinrichs et al., 1971).
) . . . .
The. crystal structure of o,p'-DDD has been reported recently by o
Arora and Bates (1976),
s

f//‘



’ 49.7. mp 72—74°C; lit. 73-74°C. GLC and TLC typicai of:o,p'—DDT

- APPENDIX 4

" . ‘Experimental

(i)—l-Chloron-[2,2,2—trichlor0elJ(4—chlorophenyl)éthyl]benzené

‘9 kg technical grade DDT dissolved in 66 1 of hot ethanol was

crystallized at room temperature and -15°%¢ yielding predominantly
: } L » . : '- . \\‘
p,p'~-DDT crystals.' ‘The mother liquors were evaporated, the residue’ -

\

-dissolved in pentane, seeded with p,p’-DDT and crystalllzed at room QL

) ,gemperature and ~15°C. The crystals formed were predomlnantly p,p -

“

pDT. | The redqced pentane mother liquors were crystallized at room
temperature and —lSQqaaftér seeding with o,p'-DDT. The‘resulting'

c;ystals'were predominantly o,p’'-DDT and were crystallized 3 times

’

from methanol. The.resulting (ifho,p3~DﬁT (516.9 g, 30.8%) contained

<~

about 1.3% p,p‘—DDT by welght (GLC analy51s) Anal. Calcd fqr

C14H9C15- C, 47.4; H, 2.6; Cl, 50.0. Found: .C, 47.8; H, 2.6; Cl,

NMR (CDCl ) 5 8.77 (s, 1H, benzyflc), 7.16-7.61 (m, 7H,‘aromat1c),

F. .

.8. 02 8. 22 (m, 1H, aromatlc).

- N . -

(+)~1-Chloro-2- D,Z,Z-trichloro-l—(4-chlorophenyl)ethyllbeﬁZgne-4—$odium_

sulfonate ((%) -S0,ua-0,p '-pDT)

-9.9g (2)-0,p'-DDT was dissolved invlo ml CHCi3lat i0°. 3.7 ml of

ClSO3H was added over. a period of 5 min and the stirred mixture. was

180
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maintained at 12% 2% for a further 85 min. The reaction mixture was .

~ poured onto 50 é ice and the resulting emulsion_élluted_with 100 ml. of '
oo } %, .

H, O and neutralized with NaHCO.. Followind filgration, the CﬁCl was

2 ’ 3

-
removed and the heated solutlon saturated thh NaCl, cooled and
. flltered *The filtrate was’ dlssolved in 200. ml acetone and flltered

to remove any excess NaCl. ' The filtrate‘Was shaken with 160 ml hexane
' 1 . M - - ) . M ) 'l'

‘followed -by 160 ml HZO The product in the‘resulting water-acetone

layer after a further zetrystalllzation from 10% NaCl in Hzo welghed

n

7 37 g (58%) 2.2 g of o,p '-DDT was recovered from the hexane. Analmg
. - : , 5

ivCalcd»for(ﬂjAHBClSSOBNa C, 36.8; H, 1.8/°Cl 38:9; S, 7.0. Found:

C, 36.7; H, 2.1; C1, 38.8; 5, 6.9.. NMR (CDCL,) § 5.56 (s, 1H, benzylic),

6.60-7.52 (m, 6H, aromatic), 8.60 (s, 1H, aromatic). o

.

ra

Attempted degulfonation of (t)-SO3Na-o,p'—DDT'to (¥)-o,p'-DDT

A control sample of 0.25 g of (%) -S0, Na—o,p -DDT. d_ssalved in S

3

ml HZO in a test tuﬁe was shaken w1th 2 S ml hexane The hexane was -

-extracted, washed with 2.5 ml HZO' dried with NaZSO and 2.ul injected

~directly into the GLC. This confirmed no contaminating o,p'-DDT in the

~ o=

sulfonated sample. To a,further 2.0 g so Na-o,p’-DDT was added 50 ml

3

37% HCl, The stlrred solutlon was sampled once an hour as the
C Y

temperature was ralsed by 10 F 1ncrements over a 40 C—lOO C range.
Repllcate trials using "30% and-?O% stO were: carrled out over. an 80 c
to the boiling p01nts for these solutions. The'latter;solution was -

exposed to a stream of superheated steamv(230°C) as well.



(1) -1-Chloro-2-(2,2,2-trich loro-1-(3-pitro-4-chloréphenyl) ethyl]=4~
- ‘ !

{‘v'nltrobenzene ((+) (NO ), OJP'—DDT' \

t To 20 g‘of‘(i)-o,pn-DDT_was added 133 ml glacialAacetic acid and

!

133 ml of fuming'nltric acid;, The reaction mikture was maintained at
100 C for 1 hour, cooled and poured onto lce. The resulting solid

was recrystalllzed from ethanol yleldlng 16 9 g”(67%) of the dinitro

2

compound - Anal. Calcd for c1457c15x~1204 N, 6_.3; Found: N, 6..1'.

B

-mp’144.s-145.5 C; lit, 148-148.5°C. NMR\(CDC1 ). 6. 5.84 (-S,_."IH, bén‘zylic-),

7.52-7.75 (m, 3H, aromatlc), 8.10 (d 1H, J = 2. 0 Hz, aromatlc),. .23

~dof 4, M, J =,9.Q-H_z, 3 = 2.5 Hz, aromatic), 9.07 (4, 18, 3= 2.5 Hz,.b

S

: aroﬁatio). TLC same as comPOUnd iv of Figure 4.

" .
N v

-'(4)=1-Chloro-2~ [2,2, 2-trichloro-1- ( 3-amino~4-chlorophenyl) ethyl]-4-

. amiricbenzerie ((+)-(NH,), -o_,'p’-Dlj’r B

N .f, » .
. To 16.5 g (t)—(NOz) o,p DDT and‘49 5 g. mossy t1n in 115 ml

ethanol was added slowly 165-ml of conc. HC1l. The solutlon was kept
~N

'under reflux in a b0111ng water bath for 1 hour. An excess of ethanol

.. was added and the solution made ba51c w1th 40% NaOH and filtered. The

‘ethanol was evaporated and the - resultant aqueous solutlon extracted

’

. w1th d1ethy1 ether whlch in ‘turn was evaporated yleldlng 9 5 g (65 5%)

,of’the (+) (NH ) O, D -DDT. NMR (CDCl ) 6 ‘3. 77 (s, 4H, amlne), .58

(s, 1H, benzylicl, 6.52:(d'of d, lH,xJ ='8.5 Hz, J_=W2.5 Hz, aromatic)’

-« . . . : : )
6.75-7.27 (m, 4H,’aromatic),_7_35 (d, 1H, J = 3.0 Hz, aromatic)..
" . g . . . - : )

. -
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A ‘ - | 2

(£)~-1= Chloro-2- [2 2,2-trichloro-1-~(3~-amino-4- thlorophenyk)ethylj-4—

aminobenzene-(+) -2,3- dihydroxybutanedioc acid salts ((+)-(NH ) —o,p -

o

DDT- (+)~ tartrate salts)

9.5 § (0.025 mole) of (*)-(NH ) -0,p'-pDT and 7. 4 g (O 050 mole) of (+)—

tartaric ac1d (Aldrich Chemlcal Co., Inc.) were dissolved in boillng‘

ethanol; "The solution was concentrated and left 24 hours at SOC. 2.6
- . , - . \
g of salt crystallized To obtain the amine the salt was shaken with

cold’ 1os HCl1 for 15>m1n and’ 10% Na_coO. vas added slowly until the solution

2773
was just basic. The (NHZ) -0,p'-DDT was extracted with diethyl ether.

b

X<

‘Deamination of (NH_) -0, p " -DDT

16 ml of 12N sto4 and 40 ml of glac1al acetic acid were added to

1. .6 moles of the jNH ) *o,p‘—DDT‘and the mixture heated until the DDT.

derlvative disselved; The stirred solution was cooled to 5 C and 0. 32

1Y

g of NaNO'.was‘added, Follow1ng 40 min of stirrlng 25 ml of 50% H3 o

was added ‘and the ‘solution allowed to stand 24 hoafs at 5 C.— The solution'

R &
. was. diluted with H20 and extracted w1th éther giv1ng a yield of about 50%

a,p -DDT conflrmed by TLC and GLC analyses. [a 1226'= -2.9°ﬁ The salts

‘of the mother’ laquor yielded an amine whicn when deaminated to O,p —DDT

. o]
had [a}546 2.1 .

’° N

(t)—l-éhloro-z-[z 2 2-trichIoro—l;(4—chlorophényl)ethyl]—4—nitrobenzene~

-

.50 g. of (+)-0,p -DDT was dissolved #n 500 ml’ of CC14,’the solution
_cooled to 1% l C and 1. 5 ml of. conc; H SO4 added. This solution was ,

. added to a 1% 1_c solufion of 112 ml 90% HNO

5 in- 500 ml of .acetic anhydride

prev10usly mixed for 30 min at room temperature. The reaction,

I . “
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monitored on- TLC, was stopped at about 2 hr by poprlng onto 3 1 of. ice.

" 500 ml 40% NaOH was added and the aqueous phase extracted with pentane

The CCl phase was evaporated and the re51due dissolved in ethanol

The crude product was crystalllzed from ethanol thce and the purg
product fractlonally collected from en.ac1d-washed alumlna column
_eluted w1th 20% dlethyl ether in hexane or petroleum ether (bp i?— )
47° ;) alone. The yield of pure (%) NO2 o,p "-DDT recrystalllzed from f
ethanol wae 22.1 g (39.3%)h 14.3 g of (*)-o0,p'-DDT was recovered.

Anal. Calcd for Cl4‘éC1 NO,: é;‘42.l;;H, 2.3; Cl, 44.4;~N,'3.5.\

' Found: c 419 H, 2.1; Cl, 44.2; N, 3.3. mp;:!i%wl40°C- NMR'

(CDCl ) § 5. 78 (s, 14, benzyllc), 7 26-7.67 (m, 5H,. aromatic), 8.17d
(d’of 4, lH, J = 9.0 Hz, J = 3.0 Hz, aromatlc), 9.09 (d, 1H, J = 2.5

Hz, aromatic).

- ) .
) t

Proposed (i)-1~Chloro—2—[2,2,2-trichldfb—l-(3—nitro—4~chloropheny1)m }'

ethyllbenzene. (Compound ii of Figure 4)-

The proposed_compound was isolated from the acid-washed alumina
‘column eluted with petroleun ether <.3"é-'47°c>. 'NMR (CDCL ) 85.85
(s, 1H, benzy11c), "7.21-7.69 (m, 6H, aromatic), 8. 04—8 30 (m, 1H,
.aromatlc), 8.13 (d, 1H, J = 2. 0 Hz, aromatlc) |

4

Proposed (i)-léChloro-Z—[2,2,2—trichloro-1—(4—cﬁlorophenyl)ethyl]—6¥

a

. ’ R L]
nitrobenzene. Compound iii of Figure 4)

The proposed compound was isolated from the ac1d-washed alumlna
" column eluted with petroleum ether (bp 38—47 C). NMR (CDCl ) 6 5 84,
(s, lH/'béﬁzylic), 7.21-7.78 (m, 6H, aromatic), 8.38 (a of d, 1H, J =

8.0 Hz, J = 2.0 Hz, aromatic). ,
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(i)-l-Chloro—Z—[f,2,2—trichloro—l-(4—chioropheny13ethyl]-4—aminobenzene

" '20.g of (i)-NOz—O,p'-DDT, 20 g of m@ssy‘tin and 70 ml of ethanol in

a rohnﬂ'bottbmed flask fitted with a condenser were placed under-.reflux
. for iO min in a boiling water bath. 100 ml HCl was added slowly and ‘the
mixture hsintained under reflyx with stirring for 1 hr. :The ethanol

‘was removed by evaporation’ and 800 ml of HZO,LBOO ml of CHCl3 and 200 ml

of 40% NaOH were added and shaken. The CHC13_was removed, the' solution’

twice extracted with diethyl ether, and the ethereal extract dried with

‘Na2804, filtered and used directly in’séﬂt formation.' The aminegy for .

analysis was°crystallized'from petroleum ether (bp 38—47°C). "Anal.

[y

- calcd for ;14Hldclsuz c, 45.5; H, 2.7; C1, 48.0; N, 3.8. Found: C,
45.5; H, 2.9; Cl, 48.0; N, 3.5. mp 108-111°C. NMR (cpel ) §.3.68 (s, 2H,
amine), 5.67 (s, 1H, benzylic), 6.52‘(d of d, 1H, J = 8.5 Hz, J = 2.5 %ij

aromatic), 7.05-7.60 (m, 6H, aromatic).

(t)-lFChloro-é-[2,2,2—trichloro—l—(4-chlorophenyl)ethyl]e4—aminobenzene-

(+)-7,7-dimethyl—2—oxo-bicyclo[2.2.l]heptanevl-methanesulfcnate salt .

For the original resolution of the (-)—NHZ-O,p'-DDT via fractional

‘crystallization, 23.1 g (0.06 mole) of (%)-amine was combined with 15.2 g

9

(0.07 mole) of (+)—7,7—dimethyl%2-oxo—bicyclo[2.2.l]heptane—l-methane-
>sulfonic~acid ((+)-10-camphorsulfonic acid) in CH#CNf For the resolution

Of (-)-NH,-0,p'-DDT and (+)fNH2—0,p':bDT by the reflux technique

. agproximafely 54.1 g (0.15 mole) of (*)-amihe in diethyl ether was
combined with 34.0 g (0.15 moie) of (+)-10fcamphorsulfonic,acid in CH3CN,

the solvents evaporated and the salts (mp.177—183°c with decomposition)

1

redissolved in 2 1 of CH3CN.v



(=)~ agd (+)—NH2-b,p’ADéT-(4)-10—camphersu1fdﬁaté salts

The reflux technlque described 1n the text gave 12. 4 g (14. 1%) of
(- )-NH -0 p 'DDT salt, mp 297- 298 c w1th decomposition, and 7.6 g (8 6%)

(+)—NH2—0,p’—QDT salt, mp 288-290°C with decomposition:

(=)~ and (+)-NH,- ,p'-DDT

11.0 g of (-)-amine salt was dissolved in a small volume of hot

° ' ~

ethanol, cooled and an excess of 10% HCl added. The resulting solution

~

; L oA0 . . .
.was etlrredf heated to about 70°C, ‘eqqled,WSlc ‘w1th N32C03'and
extracted with diethyl ether. The extract was dried with Na2SO4,

filtered and evaporafed- 6.4 g of (+)-amine salt was treated -

-similarly.
| - ., 25 o, L
For the (—)—NHz—o,p -DDT, [q]D"= ~170.1" (¢ = 0.55, ethanol)
while for the (+)-NH_-0,p’-DDT, [cx'];5 = 166.4o (c = 0.75, ethanol).

2 v o .

(-)- and (+)-o0,p'-DDT o

2
70°, were added to about 6.8 g of (-)-NH,-0,p'-DDT. The amine- =

200 ml 12N H SO and 400 ml glacial acetic acid, heated to about

v -

hYdrogen sulfate dissolved and the solution was.cooled to 1+1°C. 1.83

g NaNO in a small volume of water wé% added slowly with stirring and

2
the solution stirred another. 1 hr at liloC. 336 ml 50% H3PO2 was

" added, stirred 15 min_and left at 5+2°C for 72 hr. 675 ml H,0 plus'
600 ml 40% NaOH were added and the solutlon extracted with pentane.

The pentane éxtract was evaporated and eluted from an acid-washed

alumina column using petroleum eéher (bp 38-47°C). The (-)=6,p'-DDT .

weighed 5.93 g (91.4%). Anal. Calcd for C aHgCle: C, 47.4; H, 2.6;

Cl, 50.0. Found: C, 47.1, H, 276; CI;, 50.3. mp 73:5-75°C.

©
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Slmllar ratlos of reactants were used to. deamlnate the (+) NHZ- o

o,p'-DDT. The (+)—o,p'—DDT weighed 3.%9 g (89.8%). Anal Calcd fQx =

. , ' _ \ ‘ ‘ j/< -
C14H9C15 C,,47.4; H, 2.6; Cl,,S0.0. Found: C, 47 ?ﬁﬂg‘ ? 5»;(;%'[2‘,/41 s
50.5. mp 73-75°C. ‘ ‘ - ,f ‘ »

. . ’ xr(\f “ ‘«b \ ‘“ »
Both enantlomers were crystalllzed from-éthé%ﬁi and fﬁﬁ% }C 4nd "’

N
, R, SR
NMR analyses for both wqre typlcal of racemic 0',12:i DT ' The sﬁ}clflc‘

-rotatlons were [a]D5 = —17.9 (c = 5. 05, ethghol) and [a] \; 17.7°

(c = 2.22, ethanol). The 1.3% .p,p -DDT‘contamlnatlon in the starting ‘
material was eliminated during the resolution process.:

o

(z)—}-chlorofz-[2,2;2—trichloro;1-(4—chloro§heny1)ethy1]44-hydro¥y—
benzehe ‘. L
4.0 g of.(f)—ﬁdz-q,p'fDDT was diazotized (as above). The resulting
.solution of the salt inAecetic acidléud std4 was added slowfy wiﬁh ‘
equal volumes of conc. sto4 to a. 135 C mlxture of 120 ml H 4 plus‘:
:80.m1 Hzo. The solutlon was stlrred at 135 °c for 15 mlu and poured |
onto 2 l‘ice. This'sdlution was extracted with peptene and CHC13, the

1
extracts soubined and evaporaﬁed./ The crude extract ueighed'4.4 g
(105%) and gave 6 . spots on TLC (silica gel G developed w1th 5% ethyl-
£
_ acetate in benzene) . Elutlon with pentane from a 5111c1c ac1d—ce11te.
(3:1) culumn“yieided 0.55 g of the final product. NMR (CDClB) 8 5,47
(s, 1.3H,‘hydroxy15,'5.70‘(s, 1H, beuzylic),~6.7é(d-of§,2H, J = 10.0 .
Hz, J'= 3.0 Hz, aromatic), 7.23-7.63 (m, 7H, aromatic), 7.73 (d, 1H,
J = 3.b'Hz,.eromatiC). Mass spectrum ((i)fOH—o,p’—DDT) m/e 368 GCcl,
1.5%, M*J,333 (4c1'T1 3%, M-Cl), 297 (3c1 1.8%, M;HCl ), 262 (2c1, |
5 8%, M-HCl ), 251. (2C1 100%, M~-CCl. ), 215 .(1C1, 5.5%, M-HCCl ).

Mass spectrum ’ (OH-O,puvDDE) m/e 334 (4C1 100% ‘M+2), 332 (4C1,
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70.9%, e, 207 (3¢1, 10.3%, M-Cl), 262.(2Ci, 56;4%, M-Cl)), 261 (2c1,

’ '8.8%,¥M—C12, TFA), 233 (2C1,l51.3$). To facilitate comparisons among
spectta the m/e ratios for the above ;Qe‘cempqundé‘have neen corrected
’fot'the mass ef the TFA dérivatizing»agent,‘ This allows a direct
.compar;son to thetdata for another (t)-OH—o,p'fDDT.derivative;(Feil ' -

et al., 1973) and by a simple correction to the data for a MeOH-

-, 0,p'-DDE derivative (Peil et al., 1975) .

_(i)-2-¢hloro—a—(4-chloropheny1)benzeneacetic acid

q

To 5}9 (x}-o0, p =DDT in 40 ml dlethyleneglycol was added 8.8 g

‘KOH in S&hl H20. The mlxture was kept under reflux with st1rr1ng at

135°C for 6 hours,'cooled and poured with vigorous stirring into 100
. 8 . . N
ml of cold water. " The resultant solution was extracted twice w1§§

2 4

: \ . :
with ether. The,first ether extract was evaporated to dryness and - .

etherw ac1d1f1ed to excess with 20% H SO and agaln tw1ce extracted

re eeered 0'p7-DDE‘(l.3 g) was reerystallizednfrom ethanolt The drled
second ethereal extract was recrystalllzed from benzene and gave l 9 g _”
(47.9%1j(i)e0,p.-DDA. mp 104-;05 C: 1it: 106—107 c. .Nmn (cncljj § .
5.49 (s, 1H, benzylic), 7.14-7.34 (m, Bh,-aromatic), 9.10 (s, 1H,

»ﬁydrdxyl).



APPENDIX 5

The modified cleanup method .of Langlois—Stemprieka (Bonelli, 1966)

wsed for the eixtraction of o,p’-DDT residues
from the Japanese quail feed samples

-

60/100 mesh Florisif'(Fisher Scientific Co.frpreviously acti-

. 'vated at 1200°C was''reactivated at lSOOC for a minimum of~l2

‘ R , v
hours in a loosely capped quart sealer. *

The Florisil was partially deactivated with 3% redistilled
. ) ' © : ‘A

water by weight and kept® in an airtight rubber-sealed quart
sealer until used.

kSO g‘of-Florisil was placed in the column and prewashed with

100 ml of a 50: :50 methylene chlorlde redlstllled\petroleum

' ether (bp 38—47 C) (!isher Sc1entiflc Co.) solutlon

l g of the sample.was added to.an addatlonal 50 g of Florlsll

and ground in a'mortar untll a fré‘—flow1ng powder resulted

Thls was added to ‘the top of the cQlumn above the prev1ous 50

4

g of Florisil. * ]

5.

v chloride:petroleum éther Jwere used to rinse, the glassware and

. 6.

\

fwevconsecutive'loouml portions of a 1:4 mixture of methylene
‘ uten51ls and along wlth a further 400 ml ‘of thls ‘mixture were
/added to the reserv01r and aIlowed to elute from the column.
The eluate was flash evaporat to dryness u51ng a Bﬁchl

rotary.evaporator\and a watervb maintained at 35-45°c.
o S ¥ ) .

a
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N

- ‘.

\

7}.'1?;51 of SpectréaﬁaLYZed hexanes (Fisher Scientific Co.) was

added to the flask and the resulting solution placed in a
" ! ’
‘labelled culture tuhe. {

N




APPENDIX 6

On-column extraction-cleanup method for animal fat (Cahill et al.,
-1970) used for the extraction of O,pf—DDT residues from Japanese

quail subcutaneous fat and uropygial gland tissues

: N
Up to 0.25 g of frozen fat or uropygial gland tissue was placed

on preweighed aluminum foil and weighed to the nearest 0.1 mg.

The tissue sample and foil were transferred to a 10 .cm activated

Florisil column which had been capped with 1.25 cm of Na2504 and

prewetted with 50 ml of hexane.

The cblumn ;alls were rinsed with 25 ml of hexane and the fat of
the sample allowed ﬁofdissolve in tﬁis rinsebfor 5 min. The 25
ml was eluted at 1 drop/3.sec.

When.the previous rinse had entered the colﬁmn bed thg'column
walls were rinsed 3 £imes with 5 ml volumeslof hexane.

The colﬁmn was'eluted with 200 ml of 5% diethyl ether in hexane
at 1 drop/sec; ’ |

Steps 6 and 7 of Appenc:x 4 were carried out.

The foil and cohnective t.ssues were recovered from the topfof

the column and reweighed to calculate the amount of fat that

had entered the column bed.
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