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Estrogenic Activity of DDT Analogs and Polychlorinated Biphenyls

Joel Bitman® and Helene C. Cecil

Because of the geometric similarity of DOT 10 the
synthetic estrogen, stilbestrol, DDT and 52 related
compcund- were tested in 8 sensitive eslro.en assuy

E: ic activity was using the

in rats, [
|n hr ) ger por ol‘ lhe m uterus,

mev.h-ne compounds were sctive when l P ll-
tion was unoccupied of occupied by an hy(ﬂor:or
methoxy sroup. Hl"dl or atkyl groups in the p,p’-

inactive, Poly-
chiorinated bnphenyh and polychlorinated tri.

rhenyl ds which are envi i pol.
utants of indusirial origin, were eumpnkllly
active, Ph and com-

pounds which are used n Inxatives in drug prepara-
lu)»mv were also esmypmcllly active since they con-
tain the appropriate p,p'-dihydroxy structures.
Stereo models indicated that p,p’-dihydroxy com-
pounds of the active nuclei wi have internuciear
distances of the hydroxyl groups which would ap-
proximate those of the natursi steroidsl estrogens
and the synthetic stilbene estrogens.

n 1943 Soll an flent and
I sive 117-page revnew of the synthetic estrogens lml the
relation between their structure and activity. In the
25 years since Solmasen's review, DDT, a chlorinlml hydro-
carbon with a to the synth

(p i p'-DDMU,  1-<chloto-2,2-bis-
(p-chlmonhml)ﬂhylem' lnd 2,0’-DDA, 22-bis(p-chioro-
phenyi)acetic acid.

lele ll‘ [ -DDT 1,1,1-trichloro-2{ p-chioropheny!)-2-

has been widely used (hroughout the wmld for pest eonuol.

0.p'-DDE, 1,1 -dichloro-24p-chioro-
phenyl),z-(o-chlotophenyl)emykm n.p -DDMU, l.chioro-

The recent demonstration by Weich ¢f al. {1969) of the estro- 24{p-ct p ), 24 yl np -DDD.

genic activity of o,p’-DDT and our own | jions (Bit- 1,1 ! 2.(p-chiorophenyl),2-(o-

man ef al., 1968) have prompted us to investigate a series of  m.p’-DDD, 1,1 -dichloro-24{ p-chk henyt),2-(m-chk

DDT amslogs, h logs, and str ily relmed phenyhethane and p,p'-Meth hlor, 1,1,1-trichi 2,2-bis-

in an attempt to determine celationships of structwure to estco-  (p-methoxyphenybethane,

genic activity, Table HI: C d 20, 1,1-Diphenylmethane; 21, 1,i-

METHODS chhlortrl ;;dlphenylm‘elh-m, 22, 1,1 lm(p-bvomnpheny;:
We used the itive 18-hr glycop of the rat L1 bls(, hydh ) 25 l-(, hydroxyphenyl)-

uterus o3 & measure of estrogenic ucuvnty (Bitman er al., 14p v 26, 1-( hoxy

1968). The potency of active is reported in hyds henyi)meth 27, l,l *—-( hyd; henyi)-

terms of the minimal subcutaneous dose which will increase 28, 1,1-bis(o-hydroxy h

slycogen to » level slm-ﬂamly different from control. The 29, t-{(phenyl)}-1{p-chh yl)-1-methanol; 30, 1,1-bis(p-

18-hr gl P s il d in Figure 1, in which chiorophenyl)-1 hanol; 31, 2,2’-dihydroxylby

the dose-response curve for 0,p’-DDT is represented. The = 32, 2,4-dihyd: 33, 4,4’dihydroxyb

stceper response line for glycogen, as compared (o ulerine phenone; and 34, 2,2°-dih 4,4'-dimethy

weight, is readily apparent, none,

Test substurces were dissolved in olive oil or an uquemn
ethanol solution and injected sub ly ot &
dose rate of 8 mg per rat. Immature female Wistar rats
(2123 days oid; 36-48 g) were killed 18 hnnalhe lmeclion.
uteri were quickly excised, weighed, and
by the anthrone procedure (Seu‘lu et &l., 1950). Subm"eu
showing activity were tested further at dosage levels to 0.03
mg. Statistical comparisons were made using Student’s t test
with correction for unequal group siae.

Sources of the compounds used in this study were: Nos.
4, S, 16—Rohm and Haas, Philadelphis; 9, 13—Dr. G. F.
Fries, U.S. Dept. Agr., Beltsville; 17—E. K. Du Pomt de
Nemours & Co., Inc., Wilmington; 18—Sigma Chemical Co.,
St. Louis; 24, 27, 35, 42—K & K Laboratories, (ac., Plawne
view, N.Y.; 38—Eastman Kodak Co., Rochester; 43-33—
Monsanto Co., St. Louis. All other compounds were pur-
chased from the Aldrich Chemical Co., (nc.. Milwaukee.
Puxity, ss given by the manufaciurers, was better than 997,

RESULTS AND DISCUSSION

ABBREVIATIONS .
. .. . b The natueal estrogens are steroids which contain a phenolic
Table  I: . p" D!?T le!rf 'tr:c:: oo 22 h‘}:g?;i: rml A lnd an oxygen function at the C,, position, while the
( p—thlorophtnylklhlne, 2.0'-DEDT, 1,),1 2,2-bise tic estroge which are stilbene derivatives, contain
(pMuorophenybethane:  p,p'-Perthane, 1,1,)-trichloro-2,2. WO Phenc ﬂnp (F:lun 2). It is apparent that sctive
b p-ethyiphenyDethane; p.p’-Kelthane, 1,11 22. " is d upon the pi of at least one
bp-<hlorophenyethane;  7,5'-DDTF, 111 1fluor.23.  Dhenolic hydrony ring siructure. I most strogen tess these
bis(p-chiorophenylethane; p.p’-DDD, 1,1-di 2,2-bis- ds are active in the microgram or submvicrogram
(pchlorophenylethane;  2,p-DDB, 1,i-dichloro-2,2-bis. ~ TA"¥¢- .

lo%‘im.l Husbendry Research Division, Belsville,
5
* To whom ponds shoukd be add. d

1108 1. AOR, FOOD CHBM., YOL. (6, NO. &, 1970

In contrast to this, the chiori
related t0 DDT are only active as estrogers in milligram
amounts, a 1000-fold difference. The DDT analogs are not
phcnnln but they may give rise to arometic phenolic sub-
tion during boli in the animal. The
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Figure t.

DDT analogs are g o! the diph type
(Figure 2) Olhu lmlop tested were compoundl of the di-

h series, We have aiso
s and polychlorinated tri-

T y P

Dose-respones relationshipt wtering welght, giycogen, snd n,p'-DDT

which the p,p’-positions are occupied by halide or aikyl
groups. Almost sll were devoid of estrogenic activity; g,p'-
DDT (crapd 1) and tetrachloro-DDT (cmpd 2) exhibited a
1II|M slycogenic response It appears that halide or alkyl

phuayls, cmpo\mdu whuh hvc hecome i ingly im-
plicated as i dustrinl origin.

in the p, were stable, and Juring me-
tabolism in lhe nmm-l body. Tittle if any p,p'-phenolic hydroxy

We have not included in this study any steroids,

citrogens, or anti-cstrogens of the stilbene uruclure. -nd have
luded almost ait ds of the

anthracene, and phenanthrene type.

DIPHENYLETHANE COMPOUNDS
2,p’-Pouitions by Halide or Miyl. 'ﬂn com-

porpp Pwmon Decwhny —Hor—OCH, Whenoneof
the para i of the ic ring is sub: by ¢ hy-
drogen or methoxy group, the compound exhibits esirogenic
activity (Table [1), Potency is of a low order of magnitude,
being approximately 1000 times less active than compounds of
dn stilbene series, but is similar in potency to coumarin and

puundl evaluated in Table I are diphenyk in (Bickol ef al,, 1960). The minimum

en‘ecnve dose (MED) of diethylstilbesteol which clicited o

r was 0.1 ;.., as compared (0 the most sctive

Table I y P with g5 ;m‘;n:':r Table U, 0,p'-DDT, cmpd 11, whose MED

Occupied by Hallde or Alky! Growpe The phenotic character of the natural and symlmlc estro-

gens has d the d of upon

] the presence of a phenolic structute. The aromatic rings of

X@-C -@x the active compounds of Tabie I are open, i.e., they have &

| Forp *-position occupied by —H and may give rise (o phenolic

R' - ion during boli: There also appears 1o be &

Activity requirement for the ethane chain 10 be inert, i.e, cither the tri-

Groups , . M.ED. chioroethane (-CH-CCl,) or the vinyl halide group (>C=

Ne. X R R Name - L d CCly) must also be present (cmpds 11, 12,13).  Thus, cmpda

v 8 g :ccg- JT'-P’-DD‘;bm : 14, 15, and 19, containing more reactive 2-carbon chain con-

Y F H -CCI: pp-DFDT b figurations, are inactive, even though one of the aromatic tings

4 CHCH, H —CCli  p.p"Perthane P could be hydroxylated to the phenclic structure. We have

s OH —CCli  pp"-Kehthane » concluded that rapid i oivo bolism of these p ds is

[ H —CF,  2p-0DTP e responsible for their Iack of activity.

18 B g aro08 s In the stilbesirol series (So 1945)and in th

» a U =cHA ph-pomu » series (Bickoft e al., 1960) of eatzogens, p,»'-dimethory com-

v a H —COOH »p'-DDA » pounds are less active than comparable 2,5'-dihydrony com-

*M.ED. = minimum effective dose, * 1 = inactive,

pound: In the chiorinnted dphwhlhm sarien (Table 1N,
e p,p'-meth hior (cmpd 17) wes

1. AGR, FOOD CHEM,, VOL. 0. NO. & 19710 1100
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Toble 1L, “Diphonylothane Compounds with p- or p’-Position Occepied by —H or —OCH,

rQO- !

R
Activity
Growps M.E.D.
Ne. Il P o R R’ Nawe )
1 H —a =} H —CQl 0.»'-DDT 0.2
12 H a a e -CCh o.p'-DDB 4
13 H a a e =CHC1 o.p-DDMU ]
14 H a a H —CHCW o.p'-DDD [
15 H a mCl H —CHChW m.p’-DDD »
16 H H H H —CCQls £.3,1-Trichioro- 2,2-bistpheny ethane 1
17 OCH, OCH, H H —CCly p.0'-Muthorychlor 4
1] OCH, OCH, H H —CCly Tech. Methoxychlor (p.p'~ + 0.p'+) 1
9 H H :’;:lCI H —CHO 2,2-Bis(o-chiorophenyl)ecetaidehyde "
* M.E.D. = minimum offective dose. ‘1 = inactive.

-pptolimnlcly as active as other compwnds wtnch mn'-l dn

The most active compound was p,p’-dihydroxydiphenyt-

rise to
nical m!lhmyehlor (cmpd 18), whkh may contain .n n.p -
methoxychior, was four times move active than pure pg’-
methoxychior.

DIPHENYLMETHANE COMPOUNDS:
BENZOPHENONE COMPOUNDS

A series of diphenyimeth ds was d to

which elicited a glycogenic response at the | mg dose
level. Solmssen (1945) reported activity for this compound at
the 100 mg level, but the differences in biomssay procedures
could explain part of this dnnerem in mun

n the diph ds with a p-hydroge:
und . mblc uhm chlln were meuboliml (o active estrogens,
ing & p-hyds , . In &i-

harvlmeth 4

of activity (Table
1IN, Active compounds contained either one or two
droxy ot p-methoxy groups (cmpds 23, 24, 25, 32, 33, 34).

Table 111,  Diphenylmethane Compounds; v
m

@c@ .

e ‘were not active,
pfobubly being meuboih:d npmy at the methane linkage
and excreted from the body.

Benzophenone derivatives, which contain (he more stable
ketone structure at the methane carbon, were active if a
p-hydroxy was present (Table MI).

DIFHENYL PROPANE COMPOUNDS:
TRIPHENYL METHANE COMPOUNDS

Two diphenylpropane compaunds were active (cmpds 33
and 36), the p,p’-hydrmy commld exhibiting much grester
activity than a p,p' d. Dihyd di-
phenyl propane (cmpd 35) was as active as 0,p'-DDT.  Solms-
sen (1945) found that this compound was active ot & 100 mg
dose level.

____}m_r____‘r M.ED* Since thp.p’-clhydmy structure lpp.nd to buhemuc
Ne, » » L ture activity, phenolphthal
Diphanyiristhons derivatives d J p.p'-dlhym groups
] H H n H P was tested. Phenoiphthaiol was as potent as any compound
1] H H a a r of the types studied. Ring closure, as in phenolphthatein,
n Be L. H :l' l; resulted in a 20-fold loss in potency. These compounds are
20N Mmoo n T~ ot known to-have estsogenic activity and are extemaively
3 OCH, OH H - H 4 used as laxatives in & number of drug preparations,
% OCH H H 'H 4 In Table IV two miscelianeous derivatives which bear some
7 H H H H |4 relation to cloved ring diphenylmethane stroctures ere in-
un H H H H r cluded: M and 9,10 ok Both of
}.’, g g = 3{', {: thesa compounds were inactive when tested st doss ievels up 1o
n H H » 8 mg per rat.
Bensophenons derivatives \
17 R OH 2 BIPHENYL AND TRIPHENYL COMPOUNDS
;: &';". %. H Two hydroxy biphesyl compounds were active but only at
M‘MINMMGMV’ Tn = series of poly-
*MBED. - M—.#ﬂn‘-. ‘!-M‘M 4 YIS ing up to 4%,

h mm A-anﬂmw
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Figere 2. Structursl formnine of sstvogenic compounds

these prod lretrnde i ' ining & number of
d triph Q%

chlorine was rmd 10 be more active, at & 1 mg dose level, 7'“"2;’ D""-""-‘ﬂ- and
CORRELATIONS BETWEEN CHEMICAL STRUCTURE Activity
AND BIOLOGICAL ACTIVITY MED.

Schueler (1946) and his coworkers (Fisher et al, 1982; ' Formela - -

and Schueler, 1950) have theorized that a rather 33 My 22

larpe, rigid, lipoid soluble molecular structure with two active nc:(@—(ci -@on 'ar:;u,m 0.1
hydrogen-bond (orming groups located at an optimum dis- " yl)propass
tance of 14.5 A units from each other would be estrogenic. M
They further stated that potency is decreased as the distance 3 et 1,3-Dichloro- ¢
betwesn groups iv decreased or increased. M N 1.2 bl

While DDT possesses a relatively large, rigid, lipoid soluble e oot ? 'm"“"""m .

molecular conttitution, it does not present active hydrogen

atoms at the hypoth di of 145 A, how- propene

ever. The pl ol‘th hiorine atoms in .n@c“@”

the p,p’-ori would prohibit the exi of active

hydrogen. If these p.o’ chlorine atomas were nwisbolized to 7 @q.,o.. m“ 0.2
groups possessing sctive hydrogen, the possibility of estrogen

action would sxist. The gemeral lack of estrogenic activity of

2.2"-DDT analogs suggests (hat such metsbolism does not "0@ OH
occur readily in te Nolodnl situations studied thus far. @
Cmmmby. lht .ulvky o.p"- *-DDT ninu imermlnl » C\Q . Phenol- 4
h jfon snd @-czo phthalein
ewropnlc mlvily The o.p chiorine atoms are not at the
The exact nature of the
active estrogen structure arising from o,p'-DDT, if it is not
0,0'-DDT itself, might provide important information reiating » ©.© Flaorene » ~
1o the spatiat of an active 7
Dnldusm-omod-l-mm-dofmworm © .10 » Q‘\
active siructuzes to determine whether consiatem stereochemi- : ,,,,"“"‘"‘.,, Q
cal factors were presemt. Intcrnuclesr distances were mes- cane

wred and were given in Figure 2 fof both O to O atoma of &
hydeoxy and for the H to H distance * MB.D. = minimem ofeciive dose. | = inactive. *0

of the hydeoxyl groups. [ e di for the Dreid-

lmnﬁhd-«mnwuﬁhﬂnmmwumm —

Ih .

oy 1. AGR. FOOD CHEM., VOL. 18, NO. & 197 1111
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'3 PCH Aroclor 1268 687, C1

Table V. Bighenyl aad Triphenyl Compounde

Ne, Name

:} (X '-Biphenol }.}:-Dlhy&mdﬂmyl
Poiyehlovlmld
Biphenyl (PCB)

43 PCB Aroclor 1221 21 % Chiorine

44 PCB Aroclor 1232 32% CI

43 PCB Aroclor 122 2%, Q1

46 PCH Aroclor 1248 4%, Q1

47 PCH Arosior 1234 34% C1

4 PCD Aroclor 1260 607 C1

49 PCB Aroclor 1262 62%, C1

k3
1}

L LT

51 PCB Arocior 4485 607, PCB, 407, polychlori-
nated triphenyl (PCT),
%
32 PCY Aroclos 342 027, C1
33 PCT Arocior 3460 607, C1

* M.B.D. = minimumn sffective dose. *1 = inactive.

b Tk ]

smaller than the 14.5 A quoted by Keasling and Schueler

(19%0). The 10.9 A we found sgree closely with the X-ray

crystatiographic dats of Norton ef of. (1963, 1964), who found

10.95 A for 17g-estradiol. This y ini ic dif-

ferences nuybeuhwdwthelmwwwducuruynnhem-

rent atomic models, when eomoued to those used in 1950,
The dioh . N n Poatd

are only slightly smalier then corresponding bond distances
in natural and synthetic estrogems,

The structural observations re-nﬂn estzrogenic activity in
the compounds studied indicated that activity is conferred
when & p- or p'-position is unoccupied (—H), or is substituted
by —OH or —OCH,. Halide, wllkylmoe:mlh
p.p'-positions render the inactive,
A stable ethane chain was found to be necessary for activity,
e.g., the trichioroethane or the inert vinyl halide group; if
cither C of the ethane chain bears an oxygen function (skco-
hol, sidehyde, ot ncki). the compound is metabolized and ne
estrogenic activity is ahumd Some poiychlorinated bi-
phenyl and triph hibited activity.

of. of Dreiding steric
models indicated that active sites would be 511 A spert, &
range similar to those found in natural and synthetic estro-

gems. Q ly similer acuivity was d
with a series of di henylmeth or triph derive-
tives which pOHT < of swrue-

ture with activity suggest that the active estrogens derived
from o,p’-analogs of DDT are p-phenolic metabotites.
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rich bk and (riph de all
have interatomic distances of 9.4 to 10.3 A for the most likely
O to Osubstitutions. The H 10 H internuciear distances of the
lvmmmunmrm!lwlllkhmm
Both the O—O snd H—H
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