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PREFACE

This is one of a series of technical reports generated from the experimental
1ab_oratory programs conducted in the Electron Paramagnetic Resonance laboratory for
the Pharmacodynamic Group, Armstrong Laboratory, Toxicology Division. The research
described in this report began in December 1994 and was completed in September 1995.
The data reported was presented at the Society of Toxicology Meeting in Annahein, CA
9-15 March, 1996. Liver samples were obtained from CPT Clay Miller, USA under a
program sponsored by AFOSR Environt:hiex;f;lplﬁit{iative Program Work Unit #2312A202
managed by Dr Frazier, S&T. Lt Col Terry A. Childress served as Contract Technical
Monitor for the U:S. Alr Force, Aﬁﬁs&oﬁgﬁb&atar'y,"foiiébiégy Division, "

The animals used in this study were handled in accordance w1th the prin'ciples stated in
the Gittde for the Care and Use of Laboratory Arimals. pregared by the Committes ot~
Caré and Use of Labotatory Animals of the Institute of Laboratory Resources, National
Reseaich Council, Départment of Health and Hurnan Services, National lnstinute of
Health Pubhcatlon #86—23 1985 and the Ammal Welfare Act of 1966 as amended
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INTRODUCTION
Increased lipid peroxidation occurs in liver after exposure to tert-butyl hydroperoxide
(TBOOH), bromotrichloromethane (BrCCl,), carbon tetrachloride (CCly), or
trichloroethylene (TCE), Fraga et al. (1989), Kennedy et al. (1989), McCay et al (1989),
von Ruecker et al. (1989), and Castilho et al. (1995). These chemicals were therefore
chosen to see if the lipid peroxidation measured in liver is caused by free radicals induced
by the parent compound or its metabolites, or whether the lipid peroxidatiod described is
an effect of the cellular damage of the chemical. The hypothesis tested was Jree radicals
released in tissues by these four cheiniédls are fespehsible Jor and quantitatively linked
with he lipid peroxidation and fissué damiage. To reduce sample vatiability a tochnique
where liver of several BEC3F1 tiice are pooled and slices of éqial sizes prépared was
used (Fraga'et al, 1989). To'se if the lipid peroxidation measured is caned by free
radicals induced bytheparent chemlcal or its metabohtes, thesefour chemiicals ‘were dsed
4t concentrations which did not alter liver viability. Lipid peroxidation was asséssed by
ﬁiéa"s'iiréhiéﬁt’ Sf TBARS (Fraga et al., 1988). It was necessary to develop a ’fnéiﬁé;&"tof
medsure free radlcals which would support the TBARS data’ usmg another analytlcal
techmque For thls pro;ect our aim was o develop a method whzch would provzde l' -
chemzcal jbr carrelatzon wzth the rate of Izpzd peroxzdatzon The only deﬁmtlve ©
techmque to detect free radlcals is electron paramagnetlc resonance (EPR) Buettner‘ ;
( 1987) Prehmmary studles usmg llver shces w1th TCE suggested 11p1d perox1dat10n is “

caused by TCE-mduced radlcals ina dose dependent manner Steel Goodwm et al




(1994). Except for these prelxmmary studnes Steel- Goodwm etal. ( 1994), quantitation
of biologically mduced free radlcals usmg EPR technology has been limited to the
determinations of ‘whether biological tissue has been inadiated or not. EPR was used in
this study to deterrnlne 1f total free radlcal values were altered by chemlcal exposure or
not. As a standard for these expenments the spm label 2, 2 5,5, tetramethyl 1-
pyrrohdmyloxyl 3-carboxyam1de (3 CAR) was used to prov1de a quentltatxve reference.
The tdtal radicals generated by the four carcmogens were determmed at two time points
and compared to safnples of liver slices \Aritnout chemical treatment. 'All samples were
re;ad ;i ‘the: same ti‘rrlle,'-and the éxpéﬁfneht yvas fepeéted four tir'n'es; to determme the

variation from one EPR rin to another.



MATERIALS AND METHODS

Chemicals

- Tert-butyl hydroperoxide (TBOOH), bromotrichloromethane (BrCCl,), carbon

. tetrachloride (CCl4), trichloroethylene (TCE) N-tert-butyl-a-nitrone (PBN)and 2,2,5,5,-

tetramethyl-1 -pyrrolidinyloxyl-3-cmboxymide (3-CAR) and dimethyl sulfoxide
(DMSO) were purchased from Aldrich Chemical Co. or Sigma Chemical Co., St. Louis
MO.

Sample Preparation

Male B6C3F1 mice 12 week'g old welghmg 25:30 gwerepurchased from Charles River,
PortageLaboratones, MI. All mice were euthanised by carbon dioxide asphyxiation and
neér'éspsi’e‘a. “The liver was irimediately exc-i;e'a cored u;e;iﬁg‘a stainless steél bore tool
arid ¢itt into sllces of equal tlnckness and size (Smlth et al 1987 Azan et ‘al 1990)
Slices were pre-incubated in Waymouth's media for 2 b The slices viers then ifiéubated
in the Waymiouth's media suppleménied with 10 mM PBN with o5 without 1 b -~
TBOOH BrCCl,, CCL,, or TCE. Each sample consisted of two slices. Slices were
mcubated for 5'min. or 60 nnn homogemzed and 200 ul was removed for TBARS
analys1s The remamder was unmedlately ﬁozen i hqmd Nz and Iyophﬂlzed in the dark'.
The study was perfonned on hver Judged to be v1ab1e based on measurements of
mtracellular potassmm content (AVL982 5 Electrolyte Ana]yzer RosweIl GA) and
leakage of the Ilver enzymes lactate dehydrogenase (LDH) aspartamme transammase

(AST) and alamne transamlnase (ALT) LDH was measured usmg the ACA chemlcal """



analyzer (Dupont Co., W_ilmington, DE) and AST and ALT were measured using the
Kodak Ektachem Clinical Chemical Assay (Eastman Co., Rochester, NY).

‘General Experimental Desi

The total radicals in the lyophilized samples were measured using a Bruker EMS 104
EPR analyzer. The machine parameters for the EPR analyzer were: microwave power. 25
mW; sweep width, 100 G; modulation amplitﬁde, 4.02 G; sweep time, 10.49 s; filter time
constant, 20.48 ms; receiver gain, 60. }Tllle spectra were measured by peak héight directly
from the EMS 104 EPR analyier and by double integration with normalization for

receiver gain using the EPR program (Bruker, ﬁi'll’erica,"MSv);' R

e N T

tat1 ucs N UM
Sk All resultswere normahzed by liver dry weight and analyzed by one way and

two-factorial analysis of variance using the statistics package Desigh Ease®. Standard

PN

deviations and regression cotrelation were performed using Sigmia Plot®. =~~~
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. RESULTS & DISCUSSION

Figure 1A shows the typical EPR spectrum obtained with homogenate of liver slices

before and after lyophilization.

Figure 1. Typical EPR qucftra of homaéqhates of 64) Control liver slices (B) 3-CAR
standards, before and after, lyophilizatio <l
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Radicals were not detectable in the homegenate and lipid peroxidation was also not
detectable (Miller et al., unpublished data and Channel et al., unpublished data). To
detect radicals, the samples were lyophilized. Figure 1B is the typical EPR spectrum

| before and after lyophiliza;ion of 2,2,5,5,i-tetramethyl-1-pyrrolidinyloxyl-3—carboxyamide
(3-CAR). 3-CAR is a stable radical or spin label which we used as the standard to
quantitate radicals in theseexperiments. Known amounts of this spin label was added to
liver slices in Waymouth’s media producing the typical lyophilized spectrum seen in
Figure 1B. . | |

Lyophlhzed spectra formed in liver samples exposed to I' mM TBOOH BrCCl;, CCL,, or

TCE for 60 min. are shown in Flgure 2" A

CTWE DT ,'.

Flgure 2 T ypzcal EPR spectra of Iyophzltzed Iwer sltce homogenates exposed to I mM
TBOOH; BrCCl;, CCl,, or TCE. : _ C , C



The PBN-spectral adducts provide little information about the parent radicals. The

radicals generated by these chemicals haQe been described elsewhere, Buettner (1987).

This study was quantitative not qualitative. Our aim was to develop a method which

would permit routine analysis of large numbers of samples using 3-CAR as a standard.

The accuracy, sensitivity, and precision of the method was assessed. The performance of

the machine to provide a reproducible result over the period of the experiments was

determined using the pitch calibrator. The EPR machine was internally set to read pitch

at 1000 arbitrary units (a.u.), Figure 3. The value for pitch in these experiments was

998.6+1.3 (mean +SD; n=40) ' While the computer of the EPR defaulted to measure

peak height, double integration of the spectra of the samples was also performed.
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Figure 4 (A) Correlation of peak hetght measurement w1th double integrations of
EPR spectra. (B) Vanatlon of radical measurements in control liver slices over a 30-
day study period. :



Figure 4A shows the correlation between the peak height and the DI/N of the
samples in the spin trap PBN (y = 0.43 x + 15.71., I’ = 0.84., P< 0.001). Corresponding
values of the 3-CAR standards are also shown.* Subsequent studies performed by Steel-
Goodwin and Hutchens (1995) suggest that the trappiné efficiency of PBN is only about
' 33% of the total radicals 1n the san.rp'les.' Steel-Goodwin and Carmichael (1995)
performed radiation experiments and using bond energies calculated the trapping
efficiency for PBN for the TCE radical to be approximately 24%. PBN can be
metabolized by liver enzymes to become EPR silent. Thus, as far as possible all samples
for companson wereperformed at the sametlme, so that thedata 1sgeneratedfrom the
same population Vanatlon in'control samples froin different slice preparations Ve a 30
day penod areshown 1nF1gure 4B. Untreated samp]es gave valies of 425 2+3156
(mean iy SD n= 16) ThlS vanatron strongly suggests hver preparatlons ‘Were not the -
same from one shce rin to another There was also vanatlon in TBARS results with
différent media preparers. EPR is 4 non-destructive techiiique which defoits fhic sadicals
sprnmng in thesamplewhlle ltls exposed toa magnetrc ﬁeld -Thus to ‘show that the

EPR ana]y51s techmque was reprodumble samples frorn control and treated 11ver shces =

were measured in four separate EPR runs STy
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Figure 5 Radicals quantitated at 5 and 60 minutes in control Itver sItces and liver
slices e.xposed to'l mM TBOOH, BrCCl;, CCl,, or TCE

Figure 5 shows the total radicals quantitated at 5 and 60 min. intervals between each

[y

group..‘ﬁI'here was a significarit increase in radicals deiected after 5 min. incubation with
BrCCl3, (P< 0. 001) compared with controls but no d1fference thh the other samples

9]

However all the treated samples were dlfferent from the control radlcal value at 60 min.,

10




(P<0.04). Interestingly the total radicals detected for TCE was less than the control at 60
min., P< 0.005, while the other chemicals sho_wéd inpreased numbers. When the effect of
time was compared with each cheﬁlical we ,founl'clll iﬁére were significant differences in
radicals detected in each treatment group (P<O;002) but again the radicals detected did
not always increase with time. In these expeliir‘ﬂents we found more radicals in the
control, TBOOH, and CCl,,-treated slicés at 60 min. than at 5 min. (P<0.02) but less
radicals in the BrCCl; and TCE-treated slices. Future studigs designed to quantitate free
radicals induced by chemical exposure in livér slices must address the trap efficiency of
PBN for the specific radical under study, the interaction of both time and concentration
| andespemallythe mter-expenmentalvanatlon of iﬁédié preparatlon Th1s should 'b'; *'d.dﬁé‘
befiee data generated by liversies o liid proxidarion Stdics can'be used 263

quantitativetool, 7 s
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