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purpose of this grant was tha determiration of those structural characteristics
responsiblie for the deleterious vs beneficial effects of chlorinated pesticides.
studies have led to tl.e development of a model system for the rational design, synthesis
and evaluation of insecticidal comoounds with reduced genetiec hazard.

These

Various halooenated hydrocarbons and their analogs were designed and synthesized for
The test systems employed for evaluation of the mammalian and insect effects
a) normal (CI and 153) and SV-40 transformed (VA-4) huTgn fibroblasts:-b).DiA repair
by UDS and BUdR photoTysis; c) measurcment of association of
with genetic material; d) cytotoxicity; e) metabolic activation studies using liver
homogenates; and f) topical and oral toxicities of standards and test compounds in house

C-labeled synthetic analogs

flies (llusca domestica) and mosquito larvae (Aedes aegypti).

These studies indicated that modification of the 6,7-double bond of aldrin (and the
6,7-epoxide of dieldrin could 12ad to potent insecticidal agents with reduced cytotoxicity,
DNA repair and DNA association. These studies included the synthesis and evaluation of
three distinct series of pesticide analogs including two series of halogenated cyclodienes
with modified n-electron character and a series of aromatic pyrethrin-related agents.
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FOREWORD

The many benefits of our modern, developing, industrial society are
accompuanied by certain hazards. Careful assessment of the relative risk
of enistite and new man-made environmental hazards is necessary for the
establishment of sound regulatory policy. These regulations serve to
enhance the quality of our environment in order to promote the public
health and welfare and the productive capacity of our Nation's population.

The complexities of environmental problems originate 1n the deep
interdependent relationships between the various physical and biological
segments of man's natural and social world. Solutions to these environ-
mental problems require an antegrated program of rescearch and acvelop-
ment using input fron a number of disciplines. The Health Effects
Rescarch Laboratory conducts a covordinated environmental heaith research
progran in inbhalation to=uicology., gcnetic toxiculozy, ncurotoxicology,
developmental and experimental biology, and clinical studies using
human volunteer subjcects. These studies address problems in air pollu-
tion, water pollution, non-ionizing radiation, envircnmental carcinogenesis
and the texicology ol pesticides and other chemical pollutants. The
Laboratory participates in and provides data for the development and
revision of criteria doruments on pollutants for which national ambient
air quality and water quality standards exist or are proposed, provides
the data for registration of new pusticides or proposed suspension of
those already in use, conducts research on hazardous and-toxic materials—---—— -
and is primarily i1esponsible for providing the health basis for non-
loniczing radiation standards. Direct support to the repulatory function
of the Agency 1s provided in the form of expert testimony and rreparation
of affidavits a< well as expert advice to the Administrator to assure the
edrquacy of ervironmental regulatory decisions 1nvolving tne protection
of thce health and welfare of all U.S. inhabitants.

Identi-y those structural features of pesticides (halogenated hydro-
carbon class) that are responsible for the species specific ceffects.

F. Gordon Hucter, Ph.D.
Director
Health Effcects Research Laboratory
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PREFACE

Population growth and an {ncrease in groups which do not directly
participate In food productien lhave Incredased the demand for more efficient
agricultural productivity. This demand has been satisfied by both hipgher crop
vields and by ciiminating man's natural competitors with pesticides.
Pesticldes have thus become some of the hmost widely used environmental
chemicals today. Sonme of these chemicals although nol showing an imrediate
effect in vlivo at concentrations normal]§ used in agriculture, may pose a
significant long term hazard to man. The fideal pesticide should selectively
affect a deslred specfes for a specified period of time and then disappear
without 4any trace. There is no such pesticide and the present policy of
pesticide use is 4 compromise between desirable and undesirable effects. It
was the purpose of this study to develop an approach to effectively evaluate
the relatlonships that exist between insecticidal agents used in agriculture
and the Induction of genetic damige la mammalian systems.

This study was directed towar.ds ideatifying those structural features of
the halogenated hydrocarbons class of pesticides that ire responsible for the
specles speciiic effects observed. We found that it was possible to
selectlively reduce the deleterious genetic effects of miny of these agents In
manmalidn systewns whille aaintaining a high level of insect toxfcity. This
tesearch sngaests that wre cffective and environmentally safe pesticldes my
be attainable through in Interdiscipllinary approach combining chemical,
cellular, molecular and eatomological studics.
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ABSTRACT

The purpose of this srant wis the determination of thuse structural
charicteristics responsible for the deleterious vs bheneficial effects of
chlorinited pesticides. These studies have led to the development of a model
systea for thae ratfonal desi,sn, synthesis and evaluation of insectictidal
compounds with reduced genetic haczard.

Various halogenated hydrocarbons and thelr 4nalops were designed and
synthesized for this study. The Lest systems employed for evaluition of the
wammalian end insect eftects were: 4) norail (CI and 153) and $V-40
transformed (VA-4) human fibroblists; b) DA repair by UYS and BU4R
photolysis; ¢) measareaent of association of 14C-labaled synthetic analogs
with genetic nmatertal; d) cytotox<licity; ) =mztaholic activition studies using
liver “omogenates; and f) toplcal and oral rosnfcities of standards and test
compounds fin house flies (Yusca doncesticra) and mosquito larvae (Aecdes
aepypti).

These stadies Latfcited that modification of the 6,7-double bond of
aldrin anl the 6,7-cpacide of dielirin could lead to potent fasectficidal
agencs with reduced cytatoxielty, DA repalr iad DNA assoclation. These
studles included the svathests aad ocvaluition of three distinee serfes of
pesticide analogs fnclnding two series of halogenated cyclodienes with
modifiad 7-electron chiracter and 4 serfes of aromatiec pyrethrin-related
agentcs.

This report was suhmitted in fulfillment of Grant No. R-805008 by the
CBERG Zroup under Lhe sponsorshlp of the U.S. Pnviroamental Protection Agency
coverlag the perfod July 13, 1977 to Jalvw 17, 1980.
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SECTION I
INTRODUCTION
OBJECTIVES

The primary objective of this grant was to deterwine the structural
chardacteristics responsible for the deleterfous vs beneflcial action of
chlorinated pesticides. The overall purpuse of this Studv was to develop a
model system for the ratlonal design, and synthesis of non-carcinogonic, yet
biologically effective pesticides. Specifically the purpose of this project
was to:

1) Synthesize and rationally design a selec.ed ceries of compounds witl
systematically juxtaposed functional groups.

2) Evaluate the toxicities of those chemical agents {n a variety of
Lnsect model systems.

3) Evaluave the in vitro rummalian cellular effects.,

4) Determine the pesticlde effects on DVNA repair and replicaticen in
vitro fa mammalian systems. )

5) Synthesize, as needed, radiolabeled molecules of primary interest to
determlne the excent and type of macromolecular interaction. .

6) Deteramine the molrcular features of pesticide. shich contribute to:
a) mammalian genetic damage; and b) assess the relationship of this daamage .to
insect toxicity.

SUMMARY OF ,.KSULTS

Synthesis and Selectinn of Halogenated Pesticides

The halogenated nesticides evaluated during the course of this study
pertod iacluded numerous E.P.A. standards and a varfety of analops of the
halogenated polycyclic insecticidal agents, aldrin and dieldrin. Individual
analopgs (Figure 1 and Figure 2) were synthesized (1,2) and evaluated [or their
fasecticidal and mammalian effects. These compounds reprusented the chemfcal
manipulizion of the metabolically reactive portions of the molecule and the
stilles included several series of halogenated cyclodienes £3). Additionally,
1 secon! study was carcied out assessing the effects of chemfcal nanipulation
on extended arnmatic and T-electron rich moleties in other categories of
pesticides based upon findings ohserved in the aldrln related serles of



molecules. The synthetic approaches were extended to the pyrethrin classes
(Figure 3) of insecticidal agents based on results (4) obtained early in the
grant period. The chemical approaches resulted ia the synthesis of a variety
of wovel chemical agents with observed insecticidal activities. Several of
the agents synthesized were radiolabeled (5) for further macromolecular
interaction studies which led to the eventual synthesis of chemical agents
which retained their insecticidal action while demonstrating a markedly
reduced deleterious effect on mammalian systems. The structures of the
chemical agents selected and/or synthesized for these studies are summarized
in Figures 1-4.

Insect Texicity Studies

All chemfcal agents and EPA standards were evaluated for their
insecticidal action in house fly (Musca . domestica) and mosquito (Aedes
aegypti) test systems (6,7) utilizing both topical and oral administration
Todtes. Additionally, experiments were carried out to determine the cffects"
of synergistic insecticidal chemicals (8) and the effects of metabolism onthe
observed toxicities of pesticides from the several classes involved in these
. studies.

The studies undertaken indicated little direct relationship between hizh
halogen content, aromatic ring content and insecticidal action. The
halogenated cyclodienc analogs (Fig. 2) (1) demonstrated only very weak
insecticidal action by either ocal or topical routes of administration. The
compounds with extended T-electron rich systeas (utilizing pyrethrin-related
agents) (Figure 3) failed to demonstrate decreased mammalian toxicity while
retaining effective pesticidal actlon. Analogs of aldrin and dieldrin (Fig.
1) provided the most effective iasecticidal agents and demonstrated the
greatest acrivities when used in conjunction with synergistic agents such.as
PRO. The rusults of these studies clearly demonstrated that structure—-action
correlations could be established base: upon probdable routes of metabolism in
the Insect species. ’

Our studies further demonstrarad a stereochemical selectively of ¢is
isomeric pyrethrine-related analogs as the most effective insecticidal agents.
Naturaiiy occurring and other synthetfic andlogs usually favor the trans
isomaric structures (Figure 3). Alditionally, the most effective insecticidal
analoy of aldrin, 6,7-dihydroaldrin {Figure 1,4) was shown to be converted by
mammalian liver hcmogenates to aldrin (Figure 1,1), dieldrin (Figure 1,2) and
6-hydr>:ydihydrvaldrin (Figure 1,14). -

In Vitro Mammalian Cellular Effects

The cytotoxic effects of the chlorinated hydrocarbous synthesized were
deternined in normal fibroblasts (C-153) and transformed human fibroblast
(Va-4) cell lnec. Aldrin, dihydroxyaldrin (Figure 1,6) and dieldrin at a2 100
uM concentration reduced the colony forming ability to 0% in Soth C-153 and
Vi-4 fibroblasts. Other structural modifications of the active moieties of
the chlarinated hydrocarhons greatly reduced cytotoxicity, but not to the
level observed with the above three compounds. Allethria and pyrethrin

(18]



(Figure 5), of the pyrethroid class, exhibited a high level of cytotoxiclty
resulting in 0X survival at 100 uM concentration in the C-153 and VA-4 cell

liaes. All compounds tested exhibited typical cytotoxic curves dependent upon
dose.

Induction of DNA Repair

Dieldrin induced UDS in the VA-4 cell line (9), while it showed
comparatively lass UDS in the €C-153 and CI (10,11) (normal human skin
fibroblasts) cell lines. Aldrin did not show any UDS in the cell lines
tested. Of the structural analogs tested for UDS, those containing a reactive
molety at the 6,7 positiou induced UDS. The other analogs did not appear to
Induce significdant levels of UDS. Repdair was also measured using the BUAR
photolysis technique. Aldrin and dieldrin both showed photolyzable sites iIn
the CI cell line, while dihydroaldrin did not (11). Aldrin and dieldrin both
inhibited normal DNA replication. Pyretihrin showed repair while allethrin and
permethrin did not.

Radiolabeled Agents for Assessment of DNA-Association

In order to assess the relationship of pestlcldal assoclation with
macromolecular cell components, 1l‘C-aldrin, 1"C-dieldrin, 1I‘C—dihydra.lldrln
and 1"C—dihydroxydi}~nyc‘n:o.aldri.n (5), were required at different stages of
research in this project. The l4c-aldrin and l4c-dieldrin were obtainable
through commercial sources at 80 mCi/mM. These agents were used for
biological studies and served further as the starting materials for
radiosynthetic procedures that resulted in novel synthesis of the
l4c.dihydroaldrin and 14C—dihydroxydlhydroaldrin (12). Coincident with UDS
data, 14C-dieldrin «<as found to be assocfated with VA-4 and 153 cells to the
greatest extent. licoaldrin and 1"C—di.hydroa].dl.'ln did not associate with Lhe
DNA of the VA-4 and 153 cells while l“C—dihyd:'oxydihydroalldlrln did assoclate
to a limited extent. Activation studies utilizing S-9 rat liver wmicrosovanes
increased the hinding of 14 -aldrin and l"‘C-d:i.hydr:o.slrh'ln in both VA-4 and 153
cell lines. It was also demanstr:ted that l4c-dieldrin associated with
single- and double-stranded isolated calf thymus DNA.
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FIGURC 1

Structures of llalogenated Cyclodienes for SAR Scudies -
Aidrin and !lreldrin Analogs

: n-B 1s ClH = C (aldrin)
ai,; A-B 1s CH2 (dihydroaldran)

. 20y .
Cll,; A-B is CH-CH (d.eldrin)

53
Cily: A-B 1s CH(OH)-CH(OH) (dieldrindiol)

0; A-B 1s CH=CH (oxvaldran)

0: A-B 1s CHOFZHOI (dihydrodihydroxyaldrin)
0; A-B 1s Cl/l(—)'\“! (oxvydieldran)

0; A-i3 1s CH(OH)-CH(CH) (oxydieldrindiol)

Cllz: A-B 1s Clll"(.'ll2

Cllz; A-B 1s CGIFCHD

Cly: A-B 15 (CION) CHOE'CH_.; (monoacetoxymonohydroxy)
Cllz; A-B as (alogcu ) (dracetoxydihyvadro)

Cllz; A-B 1s 8—(]!2 (6-0x0)

Qiy; A-3 1s CH,QI (G  (monoh: droxvéihydro)

Cil.,; -3 1s aincr,

;A= a1s (_‘Jl,CH('k"CH3 (monozcetox dihvdroaldrin)
r 070

C”-); n=3 1st=C-C-

Cliy: =B as rycr,



FIGURE 2

Chemical Structures of Halogenated Cyclodienes -
Llectron Rich analogs

19) R}=Rp=CgHs R3='Rh=(.‘l
20) Ry=Ro=CgHs R3=R),=0CH,,
21) R1=R2=C6H5 R3=P.;‘=H
22) R1=R2=C”3 R3=R[;=Cl
23 =R.= =R. =OC:
) Ry =Ry=CHj Ry=R;,=0Cil3
24) Ry=Rp=Cii; R3=R},=H
25) Pqs= . po=~ e T
1 C}[3, 13 st S --3 3;4 - s
2 apang o g, RgEmaee,



FIGURE 3

Extended Aromatic Systems -
Pyrethrin-Related Analogs
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Figure 3 (cont.'d)
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FIGURE 4

Synthetic and Precursor Components for E.tended 'i-System Analogs
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FlrupL 5

Structures of Commercially Imnortant Pyrethrins Studied

Pyrethrins (naturally occuring) 0
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SECTEION 1L
CONCLUSILONS

I Aldrin and dieldrin as the parent compounds of a series of
Nalogendated pesticides are cytotoxic to miamolian cells in vitro.

2. The netabolic activation of aldrin produces a product with greater
DNA danizing potential thin the prrent compound.

3. Todification of the 6,7 double hond of aldrin to the epoxide
(dieldr{a) results In extensive damage to mammalian cells 1in vitro relative to
the parent compound.

4. Reduction of the 6,7-double %ond 3redatly' reduces the mammalian
cytoto<icity and DNA dazmaging capabilities of .the parent compound.
incorporstion of a 6é-fluoro group Into the readuced molecule produced an apent
<2ith mintaal DU damaping capabilicies.

5. Chemical manipulation of the bridge carbon to produce oxzaldrin
(Figure 1,5) aad oxydleldrin (Figure 1,;) produced agaents with DNA-damaging
capabilities.

5. Imsecticidal stadies inlicated that the most potent insecticidal
4nalogs »f the halopenaced cyclodlienes were metabolically convertable to
Aldrin, dieldrin or the 6=-nonvhydroxy=6,7-dihydroaldrin (Figure 1,14).

7. The use 2f synerzistie apents such 4s PBG proved effective in
ethancing the fnsecticidal potency of those compounds demonstrating markedly
r-duced =ianalian toxiclties.

8. T usa of n-glectron rich moleties 1 structures of known pesticidal
tetivity caused either a4 loss of pesticidal activiry or a sterochemleal
reversal i previously observed activity in related fnsecticidal apgents.

9. ~t.lfes utilizineg hy7=dihydroaldria indieatel thit reduced marmalian
fsoltotoxizizies asd DVA Jinige could be obtilaed while retaining a hign level
3 iasest tnderry.

The zeoanlts Hf this sedy support tihe feasidility of the rational desian
3F nestial ey thar will not toduce penatic daimige resulzing Lo nutaganesis,
circine - ests 1ad t/totngiclty.  The selection of 1 limited numbar of wodel
erryoands oirh o madrifed chenieal functinnal sroups served as an effective
brais o- tieat - sing the probable sites of reactivity responsihle for
Praeatietd sl und ~vsmadian cefluler effects an the aldria/dieldrin class of
Norenaies pesticides,

10



SECTION III

NARRATIVE

MATERTAL AND METHODS
Cell Culture

The VA-4 cell line, a SV-40 transformed human skin fibroblast was
o2tained from Dr. James Blakeslee in the Department of Veterinary
Pathobiology, at The Ohio Stuce University. This c2ll line was originally
established by Dr. A.J. Giradi (13). Trhe CI and C-153 cell lines were
established fn our laboratory from neonatal foreskins. The cell lines were
maintained in mMENM supple=ented with 57 FCS and 100 ug/ml streptomycin, 100
ug/ml penicillln, and 109 ug/ml fungazone. Cells were Incubated at 37°C i{n a
humi-lified 5% CO3: 95% air atmosphere.

Cells were sceded onto 11 x 22 mm coverslips contulned In a 100 nm
diameter glass petri dish at density of 1 x 104 cells per tn2. Twelve hours
later, after cells had attached, the media was rewoved and fresh medium
contaiaing 5% CS and 2 mM HU was added to fnhibit scheduled DVA synthesfs. At
the time of chcnlcal—addltlon, the medla was rewoved. the fresh- medjum-
contaialng 5% CS, 2 uCi/ql [3Il]tnymldine (specific aceivity 5 Ci/aM) and 2 mM
HU was added to the plates alony with the compound to he tested. For cells to
be irradlated with UV radiation, the cells were washed twlce with PBS and
lrradiated ~ith 254~-am radiation at 1 fluence of 1 J/n?2/see. Immediately
following irradlation, mediun contalning.CS, [3H]cnymidinu and HU were added
as described above with the chemical. Cover Slips wer2 pulled At the time
points indizated 1n the figures, legends .and tables, and wished in Hank's
buffered salt solutlon, fived in 95% ethanol: 5% acetic acid (9). Slides
were washed and rehydrated by dipping {n 957 ethanol, 70/ ethanol and
distilled water. After aic drying, the coverslips were mounted onto slides
and dipped 1in 2-7old diluted I1ford %4 emulsion (Eastman Kodak) and kept In
the dark four Jdays at L90C. Slides were then developed ia D-19 Kodak
Jeveloper, fixed and stafaed with iarrls hematoxylin and eosin. Approxinmnitely
100 cells were randomly selected and the nunber of gratns over nucleus were
counted and corcected for backyround grains. All grair counting was done
using an Artex model 889 counter with Jan Hitchl video screen cnnnected to a
Leitz Aus Jeaa Docuval mleroscope.  Pesticides wre dissolved in U'MSN.  The
highest concentration of 2'1SO used was 1.9%. Results obtained with test
agents Jere compired te coatrols containing D'1SO only and no *SO.



Cytotoxicity

The cytotoxicity of the chlorinated hydrocarbons was determined by
assaying for the number of surviving cells following treatment with the
compounds. The assay as described previously (14) 1is based upon the capacicy
of a cell to replicate and form a visible colony after staining.
Approximately 600 cells were seeded in the 100 mm diameter tissue culture
dishes (Corning). Following attachment various concentrations cf chlorinated
hydrocarbons were added to the cultures and incubated for 12 hours at 37°C.
The media was removed and the plates were washed twice with 10 ml of PBS and
fresh miEM containing 5% FCS. After 7 days of incubation at 379C the plates
wore washed twice with Hank's basic solution and stained by fncubating for 10
minutes with a saturated Giemsa solution. After rinsing, the number of
colontes per plate were counted using an Artex model 880 counter with a
Hitachi video screen. Three counts were made on each plate and at least 10
plates were used in determination of each point on the survival curves shown
fn the figures. Two controls were used in each experiment, one with media and
the other with DMSO as a solvent.

BUdR Photolysis

The BUdR photolysis aethod was described previously (15,16). Cells were
labeled with cither [3H) or [14C] thymidine. After labeling, the cells were
incubated with pesticile as reported above. The 3y-labeled cells were
incubated with 0.1 uM BUdR, while the l4c.tabeled cells were lncubated with
0.1 @M thymidine for 15 hours. The 3ji- and l4c-1abeled cells were mixed
together and irradiated for 0, 5, and 9 minutes with 313-nm radiation. The
DNA was sedimented on alkaline sucrose gradients and the nuaber of
single-strand breaks (Photolyzable sites) calculated (16).

DNA Association Determination

Cells were incubated with l4c-labeled pesticide. At the time indicated,
cells were scrapel from the plates and the DA harvested using SDS-isovamyl
alecohol (17). The purified DNA was precipitated with absolute alcohol and
counted f[or radicactlvity. Calf Thymus DHA which was reacted with radfoactive
pesticide was preclipitated with TCA, washed with alcohol and acetone and
collected on Whatman #3 paper discs (18). The discs after drylng were counted
for radioactivity. Single-stranded DVA was prepared by heating at 100°C for
15 minutes followed by rapid cooling at -10°C. The amount of pesticide
assoclated with DUA was ealculated from the specific activity after correcting
for dilution of Lsotope aad quenching.

Insect Toviclty Assays

I'ousefly ~ Topicil Application

Contact toxiclty was detarmined as Lbhgg by tepical application of
chenical dilutions to mixed-sex houseflies, !usca domestica (6,7) using
reagent gradde acetone s solvent. Cne-aicroliter droplets of each solutinon
were applied with an ISCO microapplicatsc to the thoracic rezion of 20 adult
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flies, 3 + 1 days of age. Dead and moribud flies were recorded at 24 and 48
hours. Reconstituted powdered allk was offered as tood during the ouscivation
period. Acetone only wis administered to the control flies.

?

Housefly = Oral Exposure

Oral toxicity was deternined by feeding experigents on aixed-sex house
flies. An appropriate volume of .acetone dilutlons of each chemical was
unifornly mixed with grinulated sugar, and the solvent was evaporated to
provide a w/w’ concentration fn the food. The 48 hour LCs50 was determined for
each exposure group containing 27 flies In 4 ventilace! contalner. Dead and
moribund flies were counted at 24 and 48 hcurs. '

Mosquitn Larvace - Iamersion Toxiclcy

Inmaersion toxfcity was determined Ly exposing 20 fourth fnstar mosquito
larvae (Acdes aepypti) in wvater containing the chemicals to bhe assayed.
Chenmlcals were Jissolved in acetone dnd 0.5 w1 of hot solution was added to
500 ml of witer. Dead and moribund larvace were recorded after 24 and 48
hours. Control gruups were exposed to acetone and water.

Deturailnation of Toxicity Values, All Insects

LDgn and LCgy values were Interpolated from regression lines of probit
mortallity vs. ‘mn“) 1ose when graded responses occurred. Othersise, the
miximun respouse at Lhe Wighest Jose was recorded. Insectlicides of known
potency (aldrin, dieldrun, allethrin) were included in each experiment as
standards of toxiclty.

In Vitro 'fetabolism of Chenicals by S-10 Fraction of Rat Liver

Incubatton aa1 Bxbriction

Chenmicals 4ere fncubated with $-10 liver fraction and the necessary
co-factors (NADPF, lIsocizrite, {socltrate dehydrogeaase, Mg*2, n+2) for
virious periods of time. The mi<ture was extracted three times with petroleum
ether, dried wita NaaSL, reduced in volune and anal rzed. In sone cases the

extrict wir purified by colum chromtography using silicle acid and florosil.

CLC Anilysis of lletaholites

Petroleun ether extracts wera Analyzed by zas-liquid chromotosraphy
utilizing 2lectrox caprture detection. Qualitictse anilysis was 1cceemplished
by comparing reteation tiass of uthnnwns aal standards.  Quantitative anil.sis
was obtafned by peak helghr acasurenents.

1

Chonical Synthesis of Staa?ards: gn| Antloas

The syatiheses of the novel Mlongenated cyclodicnes have been reported by

e
us {1,2). The ssathests of the ruliolaneloel darivitive 14C-6,7-31hydroaldrin
his 1lso Been puhilshed (3)- The syntheiic antands utilirzed for rhe pyrethrin

|
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related family of agents have been described (4) and lliterature preparations
were utilized for the synthesis of oxoaldrin (3), oxodieldrin and the
derivatives (Figure 1) of 6,7-dihydroaldcin ard h,7-dihydroxydihydroaldrin.
All chemical/samples were analyzed by GLC chromatography for purfty, and were
purified as required by preparitive thin layer chronmatography. Samples were
evaluated for chemical composition by standard spectral analysis (IR, NMR,
mass spec) aad microanalysis for carbon hydcogen and chlorire where
applicable. Miss spectroscopy was eaployed 18 necded for metabolism studies
and conclusive ildentification of redactlion oixture conponents.



RESULTS
Qjotoﬁclty

The ecffects of chlorinated hydrocarbons and pyretheld pesticides on the
colony forming ability (survival) of Va-4 (Figure 6) and C-153 (Flgure 7)
human fibroblast is shown in Table 1. The cytotocic effect of chlorinated
hydrocarhons was similar in both the transformed (VA-4) and normal (C~-153)
cell lines. Aldrin, dieldrin, allethrin and pyrethrin exhibited the greatest
cytotoxic effect at the 100 uM dose. 6-0xodihydroaldrin (Figure ltlz) and
dihydroxyaldrin exhiblzed a comparatively less cytotoxic effect at all
concentrations tested.

DNA Damage and Repatr

The {nductfon of »HYA Jamége by chlorinated hydrocarbons and the repalr of
such damage in VA-4 cells was determined using UDS. A series of crlorinated
hydrocarbon analogs plus UV as uan internal control were tested for their
ability to induze UDS {n VA-4 cells. Ais shown in Table 2, VA-4 cells
exhibited an expected level of UDS characteristic of normal human skin
fibroblasts following UV irradiation. Dieldrin induced 4 lower level of
repair then UV, while aldrin exhibilted lirtle Lf any UD3.

These results could he expected L{f the epoxide at the 6,7 position of
dieldrin played a role in reacting with DNA. Aldrin on *"e other hand would
have to undergn metaholic activation for conversion to dfieldrin In order to
exhibit the same effect. The nmonoacetoxy (Figure 1,16) and diacetoxy (Figure
1,12) analogs, which contain reactive groups on efther the 6 and/or 7 positlion
of aldrin also cxhibited a high level of UDS equivalent to that observed with
dieldrin. Oxyaldrin and oxydieldrin, which are similir to the parent ‘“oapound
except that the bridge eardon is replaced by a bridge oxyzen, also appeared to
fnduce UDS In these cells. On the other hand di{ehydroaldrin and
dihydruxydihyroaldrin retard Lhe formation of the 6,7 epoxide and exhibited
lictle {f any UDS. These dara polnt to the involvement of the 6,7 posiclon of
chlorinated hydrociarbons a3 a likely site of reactivity with cellular DA

A series of pyrethroid analogs were tested (or fnduction of UDS in VA-4
cells. Pyrethrin, alletair{n, ecis-chrysanthenunic (Figure 4,41) acid, and
trans-chrysanthemumic (Figurew ZTZ]) acld induce comparitlvel;_few (9.3 to
2.24) prains per nu*lel. The I—F?droxymcthyl—blphunylcne (Figure 3,33)
Laduced a higher (5.9) narber of grains {alicating that DNA damage lnduced—F&
this conmpound was repiired to some extent.

Studies using the BU4R photolysis method for measuring repalr, indicated
(Table 3) thit aldrin, dieldrin, dihydroaldrin and pyrethrin induce repalr.

15
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Figure 6. Pesticide induced cytotoxicity
in VA-4 cells
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TABLE 1

Cell Survival of Human Fibroblasts to Pesticide.

Campound Concentration $ Survival

uM VA-4 C-153
Aldrin 30 Y 73.8 * 6.6 61.4 *+ 4.3

60 60.0 £ 9.8 53.7 * 3.2

160 0" 0
Dieldrin 30 ' 73.3 ¢+ 5.1 68.3 + 7.5

60 33.5 = 2.0 23.9 *+ 2.4

100 0 0
Dihydroaldrin 30 72.3 = 6.5 67.7 * 6.1

60 33.1* 3.3 24.5 2 2.7

100 0 0
Drhydrc: - 30 91.1 *+ 5.5 91.8 = 9.2
dihydroaldrin 60 79.4 * 6.4 -81.2 + 5.7

100 76.7 = 6.1 80.9 = 7.3
6- Oxydih: dro- 30 68.0 + 5.4 + 3.1
aldrin 80 56.1 + 5.6 53.7 *+ 2.1

100 40.2 + 3.2 15.2 = 0.8
Allethrin - - -

50 - 77.0 =

100 - 0
Pyrethrin - - -

50 - 71.5 2

100 - 0

17
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TABIL 2

Unschoduled DNA Synthesis? in VA-4 Cells after Trecatment with a Sories of Chlorinated Hydrocarbons

'reatment Bose Exp. #1 Ep. §2 hverage
control (1% o) - 0.8 ' 0.4P 1.5 + 0.4 1.1
e - 1?2 15.4 5 1.0 20.4 : 0.7 17.9
Dicldrin 100 ' M 11.0 : 0.8 13.6 * 1.6 12.3
Aldrin 100 it 0.7 2 0.4 1.7 = 0.5 1.2
Dihydroaldrin 100 uM 0.4 - 0.6 0.2 1 0.4 0.3
Dilvdrornvdih, droaldrin 100 M 0.9 + 0.4 1.4 + 0.3 1.2
dMonoacetorraldrin 100 M 11.2 = 0.8 10.7 = 1.1 0‘10.9
Inaectos aldrin 100 ; 1 10.7 + 0.8 12.4 : 1.0 11.6
Owaldrin 100 .M 9.3+ 0.2 6.3 :.1.0 7.8
Oxydieldian 100 M 7.0+ 0.8 6.3 £ 0.9 6.7

riqures represent the mean number of grains/nucleus of 50 cells fram which background was ’
substracted.  Treatment time = Sh.

e tondard deviation



TABLE 3

Relationship of 1/Mv of VA4 cells treated with 10 ¥ pesticide for 12 hours.

Pes i:ic:.de Photolysis l/Mw
time
min

Dihydroaldrin2 0 0

6 0

9 .44
Aldrin (o] o

6 .018

9 .104
Dieldrin 0 (0]

6 .025

9 ©.135
Allethrain 0 0

6 0

Q 0
Pyrethrin 0 0

6 .015

9 .028
Permethrin 0 0

6 0



Allethrin and permethrin did not.

Repalr was measured ia the CI cell line by UDS and BUJR photolysis.
Aldrin and dieldrin both induced repalr (Table 4) as measured by UDS and BU4R
photolysis. The number of repair sites induced in the CI cell lines hy aldrin
and dieldrin was greater than in the VA-4 cell line. Other studles using
later passage of CI cells, passage 17, showed that aldrin and dieldrin Induced
a lower level of repair in the presence or absence of S-9 liver microsomes.
Diacetoxydinydroaldrin, 6-acetoxy-iihydrodldrin, oxyaldrin and oxydieldrin all
induced significant levels of UDS. The dihydroaldrin and 6-hydroxyaldrin
compounds 1induced UDS only in the presence of the S-9 liver microsomal
fractfon. The nonofluoro (Figure 1,9) and 6-oxo analog of aldrin did ant
induce UDS while they retaln pesticidal activity.

Effect Upon DNA Replication

Aldrin and dieldrin were tested for their ability to inhibit scheduled
DNA synthesis and their abllity to replicate daughter DNA. For this study we
used the Syrian hamster cell system described previously (19) for polyaromatic
hydrocarbons. As shown in Table 5, aldrin and dieldrin inhibited scheduled
DNA syathesis in a dose related manner. Also, both aldrin and dieldrin
inhibited the ability of cells to synthesize daughter DNA (Table 5). These
data iadicate that aldrin and dieldrin 4act as blocks for normal DNA
replication.

’
association to Cellular DNA

The extent of l"‘C—pcsl:lclde association with the DNA of VA-4 and 153
cells was determined 12 hours atter additfon of the conpound. Even though the
cells and extricted DNA were extensively washed, we prefer not to use- the term
"bindinz” in the interpretation of these results. Assoclation to the DRA Is
used here as a broader term to fnclude interactlon with DNA as well
fntercalation with DY\ and covalent binding to DNA. As shown in Table A
radioactive dieldrin assoclated with the DNA of both VA-4 and C-153 cells. O0On
the other hand little of the radloactive aldrin, wihtout metab»olic activation,
assoclared with DNA. These data cocrespond with the above UDS studies showing
that dieldrin induced UDS while aldrin did not. Two analogs, dihydroaldrin
and ditydruxydihydroaldrin, were 1"‘C-synthc».‘-sized and tested for thelr
assoclation with cellular DXA. Little association of these compounds to DNA
was observed.

When cells were incubated with compounds in the presence of the 5-9 liver
microsonal fraction, the level of aldrin and dihydroaldrin assoclated wirh the
DNA increased. The saall amount of dihydroxydihydrualdrin associating with
DUA without activitioa, decreasal to background with the S-9 [m:clops-

It is interesting to note that the compounds tested for assoclation tlo
cellular DNA: a) dieldrin, aldrin, dihydroaldria are cytotoxic to the cells:
and b) only dieldrin associated to # great extent with DNA. These results
supgest that althougn UDS (an Indlrect acasurement of DNA damage) paralleis
the radioactive assoclation of the chiorinated hydrocarbon, the cytotoxicity

20



TABLE 2

Feparr of Pesti .de 1nducal DNA damnge 1n the C-I human cell line.

Photnlvsis

3

,‘.gcntl Conc (ns2

Dieldrin 100 .M 5.8 0.15
Alarin 100 » > 7.1 0.06
v 101/~ 12.2 0.2.

Icnemical éissolved so.

2. .
“hcarage ncber of crairs mer nucicl.
Cells were irncubated with postiside 6 hr,

L ey, 152r 108 daltens,  Cells wer rncubated
with posticide and BiR.

for 14 hr.



TABLE 5

Effect of dieldrin and aldrin in scheduled DNA synthesis and daughter DNA.

C:!!'.::oundl Conc % Inhibition Ratio of neutral
-M of scheduled daughter DNA co-
DNA synthesis sedimenting with
! control DNA
- [

Aldrin 10 37.5 0.91

100 70.0 0.77

Dieldrin 10 34.0 0.84

120 50.0 0.77

carpoundswere dissclved 1n DMSO.

(28]
(%]



does not appear to be directly related to elther UDS or to hinding.

Asscclation to Cell-free DNA

To deterwmine whether the associatfon observed with cellular DNA was due
to covalent binding or to sonme other factor, we performed a sartes of
experiments on purified calf thymus DNA. 1In these experiaments single-stranded
and double-stranded DX\ were incubated with radiolabeled dieldrin and aldrin.
The anmount of ridiolabeled compound wis assayed following a 12 hour period or
allowed to dialyze against buffer for an extended period of tine. As shown in
Table 7, dieldrin, aldrin, dihydroaldrin and dihydroxydihydroaldrin all
assoclated with DNA. However, followtng dfilysis we observed that only
dieldrin remifted associated, while approximately 3, 73 and 63%Z of the aldrin,
dihydroalidrin ani the dihydroxydihydroaldrin,' respectively, were lost from
siagle-stranded DNA. These data would suggest that the assoclation observed
with aldrin, dihydroaldrin and dihydroxydihydroaldrin is probasbly due to
hydrophobtic and/or hydrogen bYoad fLateractions and not covalent biniing to.
single-stranded DNA. Radfoactive dieldrin appears Lo assoclate with
double~-stranded DVA approximately 2.5 times greater than with single-stranded
DN\. However, the greater percentage of this dieldrin is lost from the DNA
upon dialysis. Similar resulcs were obtalned with the other three radioactlive
coapounds when tested for thelr associition with double-stranded DNA. This
loss of radiolabeled compound upon dialysis prubably fndicates that a large
amount is strcengly assocfated with, but not covaleatly bound to the
double-stranded DNA.

Tovicity of Synthetlc Pvrethrolids

The toxfcity of biphenylene estecrs of c¢is and trans chrysanthemic acid
was wmeasurvd by toplcal applicition and fmmerslon (Tables 13, 14 and 15). 1t
is apparent that these pyrethraids are metabolized oxiditively aud that
houscfly MFO is more sensitive thdn mosquito ifFU to PBO, basel oa the higher
synerglstic ratios with houreflies. MNone of the synthetlc pyrethrolds were
wichin an order of magnitude of the toxteity of the niaturil pyrethrius (Table
13). However, contrary to results with most synthatic pyrethroids, the most
toxic Isomers of cert4ln compounds were the cis isomers (compounds 2_8_, 35,
Table 14).

Inseaticidal Evaluarion

Topicil application {5 an effective, stindard assay for evaluating
toziclty and studying structure activity relations. However, chemicals that
penetrate the cutlcles slowly iy exhibit low potency {n the Iiboratory tests
even though they have high Intrinsic I[nsecticudal activity. As 1 resule, oral
measures of tonxfcity are often usaeld i1 conjuaction with topical application.
However, a limftition of aril toxlelly aeasurcuent can he the unstability of
nany compounds {n the gut. If this (s the cise, then llttle or no oral
tocicity will he aecasured with nost test agents. The oral exposure to aany of
the pyrethraoid and orzanurhinrines proved to he of limited vilue as 1
screeafng techalqua.



TYTRIE 6

q
1"C—Chlormatcd hydrocarbon associaticn with huvin cell DA,

Carzound ! vA-42 c-1532
4593 -89, +593 -s9
Dircldran - 96.2 - 32.5
Aldrin 23.0 3.1 .27.1 8.5
Dilvdroaldr:n 34.0 1.5 24.0 1.3
D1+ drow G dro- 3.9 12.6 1.2 8.3

atirin?

lCu:_wound were dassolved in XSO, final concontration was 10 7

-
—
.

2. . .
“Cells were 1ncubated for 12 hours with compound.

35—9 rat l1cr nicrosames.

4Ccr:'.ound was approsinately 90! purc.
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TABLE 7

Effoct of Dialysis on ldC-Pestic1&e Association to Calf Thymus DNA

Single Strand

Double Strand

Jreatment _ o e
no dialysis dialysis $ Jost& no dialysis dialysis g lost?
Me-prcldrin 19.012 16.72 12 . 50.01 26.00 48
Lc-Aldrin 10.68 7.15 33 9.46 3.32 65
lic-pihydroaldrin 12.65 °© 3.41 73 11.08 1.88 83
14C—D1h;droxydlh}ﬂroaldrzn 10.79 3.45 68 6.41 1.34 79

8 lost = (no dialysis - dialysis)/no dialysis

b\.-moles bound per mole nucleotide



Toxicity of Standards and Precursors

The use of aldrin, dieldrin and certaln other insecticidally active
coapounds confirmed the uttlity of the study and established them as
sufflicliently sensitive assays of toxiclty (6,7). WNone of the prucursors were
very toxle to houseflies .4s external doses. Hexachlorocyclopentadiene,
1,2,3,4,7,7-nexachlorobicyclo (2,2,1) 2,5 heptadiene and exo-2,3-epoxy
norbornine were highly to<ic orally (houseflies) and by fmmersion (mosquito),
calling attention to the need for parificatton of syntinetic compounds (Table
8) to eliminate any starting materials.

Insecticidal Activity of Dielec-alder Adducts of Fulvences and Halogenated
Dienes '

These novel cyclodfene adducts demonstrited weak toplcal insecticidal
dction but were approximately three orders of magnitude weaker as topical
pesticides than were lhieptachlor, chlordane, or aldrin. In the oral toxiclty
studies, a further reduced activity was observed as compared to various
stindard controls (Table 9). '

Conmpounds 19-26 represent systematic studies of substitutions at two
sfites of the molecule: a) syametrical atta~hment of chlorine (19, 22, 25)
methoxy (20 23 26), or hydrogen ("l and '”0) on the bridge carbon (Cg) of The
norbornene ring and h) dimathyl (22 23, 24) diphenyl (19, 20, 21), or methyl
and phenyl (25 and 26) additiouns to tne exocyclic vinyl group.

Chlorination of the bridge cardbon (Cg) is essentlal i{n the highl;
chlorinataed insccricides aldrin and chlordane but $a compounds 19-26 the
bridge chlorines are replaced with alkoxyl groaps or hydrogen. LDSO Values

were unobtainable at the highest dose of most of thiese compounds, therebhy
precliding complete structure activity analysis, but the dimethoxyl drivative
24 was more toxlc than the dichloro analogve 25 in contrast to aldrin and
cnlordana. -

The loss of toxlclity, compared to aldrin and chlovdane, may be due to
changes in aoleculac size and shape, electronegstivity, penetration, or

metabolism.

Toxicity of Chlorinated Cyvclodianc Analogs

These data (Tables 19 and 11) demonstrate the cquivalence of relative
tocicity of aldrein, dieldrin, oxyaldrin and oxydieldrin anong two assays
(topical or immersion), with two different specles, with and without a ‘fFO
fnhibitor. The Intrinsic toxlcity o1t 6,7 dihydroaldcin s eqial to .|ldrin and
dieldrin Lf MFO metabolisw is prevented. The w4 jor wetaboitte, 6,7
dihydroxyaldria is =much less toxic thin the parent (.ompound.

In Vitro Metitholisa of Dihvdroaldrin and Aldrin

Using S-10 fractionn of rat livers and appropriate co-factors, the
conversion nf aldrin to dielirin wis Jdewonstrated as wis the conversion ot



6,7-dihydroildrin to 6-hydroxydihydrodaldrin (Table 12; Figure 8). Or
Iatrigaing phenomenon, Lhe appearance of aldrin and dieldrin in incubations «
dihydroat!lrin with rat liver aicrosomes, was confirmed in two separat
experinents.
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TABLE 9

In-ccticidal Activity of Cyclodiene Addurts in
Houseflies (Musca domestica).

Topical Appli-

cation: Oral:
Compound g v8/ily Lsg: rom
19 »a02 #12 0unP
20 >20¢ 512 5ogP
21 253 -12 ooo®
22 16 10 000
23 >20° 10 000
24 >202 10 000
25 >207 10 000
26 . 12 12 009
B-cl:lordane . 0.05 3.0
aldrin® 0.02 0.5
heptachlor€ 0.04%

a. 00 wertality at 20 yu/flv, h. 0% mortality at 12 00C ppm.
€. Source:  USLPA standards.

TALLE 10

Toxicity of Craanochlorines to Jouse i'lies.

Chemical l..[)30 » ug/fly Topical Ratio* ?i:ll_l(:S_Q'_ PPy
alone 5 ug PEO

Aldrin 0.02 0.02 1 0.5

Dicldrin 0.0! - - 0.5

Oszvaldrin 0.02 0.02 - 0.4,

Ozydiceldrin 0.015 0.015 1 ‘

6,7 biinvdroaldrin 0.2 0 02 10 20

6,7 Dik.drozyaldrin 20 pz = 10% mortalitv

Heptacnlor 0.0

Hepachilorepoxide 0.01

1.0.
* lattio = 30 aloae

o
LDSO LR HY)



TABLE 11

Immersion tovicity of organochlorines to Aedes aeaypti larvae,

Chenical LCSO’ ma/L Notes

alone ;gj;Q)L P80 /
Aldrin . 0.016 0.015 No svnergism
Dieldrin 0.035 - e
Oxyaldrin 0.0&8 0.648 _ Mo synergisnm
Dihycro» ydihydroaldrin dung/l = 0O mortality ___.....
Oxydieldrin 0.18 0.18 Ho syneraism

30
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TALLE 12

Quantitative Analysis: Incubation of Dihydroaldrin
With S-10 Fraction of Rat Livers.

Incubation Time  of Initial Dihydroaldrind'® .
Hours Dihydroaldrin 6-hydroxy Aldrin Dieldrin Total ¢
dihydroaldrin Recovery
0.25 40.8 5.0 0.2 0.04 46
0.5 14.3 7.7 0.1 0.1 22
1.0 26.4 16.3 -0.1 0.1 37
2.0 9.2 7.1 0.1 0.2 17

qCorrected for recovery efficiencies after florisil column clean up.
Recovery efficiencies were dihydroaldrin (947%), aldrin (51”), dieldrin
{44;) and 6-hydroxydihydroaldrin (24.).

bUncorrected for extraction efficiencies from incubation mixture.

Covalitative analysis based on GLC retention times.



TABLE 13

Irmersinon Toxicity of Pyrethroids witn 4th Instar ilosquito

Larvie, Aedes aeqypti.

Chemical ilortality at Concentration, ma/L
Alone + PBO (5 ma/L)

10no/L = (O 10mq/L = 0

36 10mg/L = 0 10mg/l. = 0

33 10ma/L = 0 10ma/L = 707

33 10mg/L = 0 10mg/L = 0%

z7 10ma/L = 0 10mo/L = 0~

Psrethrins
Allethrin

Perrethrin

LC50 Values n ma/L

0.02 0.002
0.15 0.025
0.0003 0.2004

0.75

* "utio =

Leyp @lone
T



TAsLe 14

Topical Application of Synthesized Py-ethroids with
House Flies: Mortalities at Discrete Doses.

Chemicals

% llortality at Given Dose

Alone, 40 u.q + PBO (5 uo)
40 (trans) 80" 40 ng = 100"
10 wva =/ 406~
42 0" 40 uq = 70
0ug= 0
41 (cis) 20" i 40 pq = 90-
10 ug = _]0 ~
36 (trans) 0. 40 yg = 70°
10 uq = 30°
34 (trans) 30. 40 pa = 100"
10 ua = 40
33 (trans) 0'—--—--=-40 nq =—40- -~
10uwg= 0
27 (trans) 10 IDq = 1.5 .0
50 a
(Ratio >25)
32 (cis) 20 ug = O M 2 ug = 35"
31 (trans) 20 ug =0 N 2 uwg = 401
39 (cis) 20 yg = 0O M 2 uvg = 301!
30 (cus) 20 ug = 25 M 2 g = 907N
29 (trans) 10 yg = O N 2 vq = 50°M

a.

~Dsg

alone

Rat10 = | ™300

30

33



TABLE 15

Topical Application of Biphenylene Pyrethroids to House
Flies: Active Compounds and Standards.

Chemical Alone + PBO (5 1.9) Ratio*
28 20 0.2 ) 100
35 20 ug = 20 M 0.8 >25
27 40 ya = 4070 1.5 >25
34 ‘ 40 uqg = 30°N 10 ug = 40
Pyrethrins
(Standard) 0.22 3.006 37

LD50 alone

LD50 + PLO

* Synergistic Ratio =

34
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SECTLON 1V
OVERVIEW

The results obtained from this study support the hypothesis that a
Limited number of rationally designed and selected analogs can be of value In
determining speclfic chemical toxicities based on functional groups. The
choices of aldrin and dieldrin provided us with a chemtcal model which was
readily manipulated for appropriate cellular bfological and ,nsecticidal
studfes. It {s fmportant to emphasize that the project was funded at
approximately 50% of year 01 requests and that the hudget remalned constant
despite large increases (over 300% in some cases) for supplies, chemicals,
medium and personnel. There sitill remalas additional work for: a) detalled
icellular studies of the model compounds of greatest {nterest and b) model
ecosystem evaluations for thls particutar 'class of agents. It is clear
however that this laterdisciplinary approach Ls readily adaptable to other
chemical classes of environnental agents.
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