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Description:

The basic goa l of this research project is to determine
whether relative in vitro toxicit les of a group of compounds
arising from brea~~own of a particular pollutant can be predicted
by (a) examining the relative In vitro toxicities of a small number
of such derivative compounds with different structural character-
istics , and (b) using structure—activity relationships to predict
which others will be most toxic in the in vitro system. The
specific test systems we are using are 1i~ne synthesis by rat liverhomogenates and rabbit reticulocyte lysates , globin synthesis by a
cell-free rabbit reticulocyte lysate system, and erythro id cell
prol i feration in a plasma clot culture system.

The first year ’s work on thi s proposal concen tra ted on three
areas: (a) establishing and characterizing the three principal test
systems; (b) obtaining toxicity data for a l imited number of corn-
pounds using all three test system , and examining the relationships
between data obtained for a given compound by each system; and Cc)
utilizing one of the systems, with which it is easier to perform a
large number of dose-toxicity studies , to screen a lar ge number of
n i trotoluenes and their analogues in order to determine which group
of compounds may show significant structure/activity relationships .
Progress In each of these three efforts is discussed below.

Progress:

~. Establishment and characterization of the
three pr inci pal tes t systems

1. Heme synthesis

In this  area , we have focused our attention for the past year
on ALA synthetase and heme synthetase in rat liver homogenates.
ALA synthetase was measured by a minor modification of the method
of Ebert et al (1) Heme synthetase was measured by a modification
of the metEoW of Bonkowsky et al (2) In this case the modi fication
was a major one; we used mesoporphyrin IX, rather than protopor-
phyrin IX. Because mesoporphyrin IX is much easier to solubilize,
we were able to use much higher porphyrin concentrations than
Bonkowsky et al had been able to achieve with protoporphyrin IX ,
and we were aETe to get much higher enzyme activity . Our descrip-
tion of this modification Is cun’ently bei ng prepared for publication .
Control values for liver ALAS were 1-3 nmol/g protein/O.5 hr and
for HS they were 16-27 ~ mol/g protein , hr. Each assay was charac-
terized with regard to a number of variables : (a) linearity 
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time , (b) relation of activity to protein concentration in the
homogenate , (c) reproducibility of the assay performed the same day
on mul tiple aliquots of homogenate from the same liver , (d) sta~ility
of the enzyme when frozen as freshly prepared homogenate at -70 C
and stored for several weeks, and (e) comparison of activity in
homogenates from different animals. In addition , since our assay
for heme synthe tase involves a substantial modification of previously
reported procedures , we have performed kinetic studies of this
enzyme as well .

L i near i ty of ALA synthetase w ith respect to time is shown In
Figure 1. The assay is linear for the first 30 mInutes , and then
begins to taper off; the decrease in ALA formed vs. time becomes
marked beyond 45 minute s of incubation . Linearity of heme synthetase
activity with respect to time is shown in Figure 2. This assay is
linear for the first 45 mi nutes , and then appears to become slightly
faster. (The slightly l ower than expected value at 60 minutes
appears to be an artifact).

The relation of ALA synthetase activity and heme synthetase
activity to homogenate protein concentration are shown in Figures 3
and 4 respectively. At non— limiting concentrations of alpha-
ketoglutarate , the rate of the ALA synthetase reaction increases in
a roug h ly l inear manner with i ncrease i n prote in concentra ti on
(Figure 3). SimIlarly, at non-limiting concentrations of ferrous
iron and of mesoporphyrin , the rate of the heme synthetase reaction
increases in a linear manner with increase in protein concentration
up to 15.36 mg/mi (figure 4).

Within day reproducibility of ALA synthetase and heme synthetase
determinations are shown in Tables I and II . The first column of
Ta ble I (Da y 0) shows resul ts of ten ALA syn thetase assays performed
the same day on al iquo ts of poo l ed ra t l iver homogena tes. Table II
shows resul ts of three to eigh t heme syn thetase assays performed on
each of seven i nd iv idual l i ver homogena tes. In the case of both
the pooled homogenate (Table I, Day 0) and the individual liver
homogenates (Table II , Homogenate 1; Table II , Homogenate 2; etc),
there was a high degree of with in day reproducibility of assays on
the same sample.

Stability of ALA synthetase and heme synthetase , when frozen
at -70 C as freshly prepared homogenates and stored for up to
several weeks, are shown in Tables I and III , respectively.

Significant variations in heme synthetase activity in homogenates
prepared from different rat livers are demonstrated in Table II.
Preliminary studies with ALA synthetase indicates that the same 
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true for that enzyme . It can be seen that variation from animal to
anima l is significant , an d is cer ta i nl y greater than that from day
to day with frozen pool ed homogenates .

Kinetic studies performed on heme synthetase are shown in
Fi gures 5 and 6 and in Table IV. In Figure 5, the concen tra ti on of
i ron Is var ied , with the concentration of mesoporphyrin remaining
constant at 1000 nanomo les per reaction aliquot. Within the con-
centration range of iron tested , the enzyme activity increased in a
nearly linear fashion with Increased iron concentration. (There is
a slight tapering at the highest iron concentration). In Figure 6,
the concentration of mesoporphyrin Is varied , with the concentration
of i ron rema i n i ng cons tan t a t 500 nanomoles per reac ti on al iq uo t .
When activity (ordinate) is plotted against mesoporphyrin concentration
(abscissa), the resul ti ng curve is hyp erbolic , but does not plateau
even at 2650 nanomoles of mesoporphyrin , suggesting that the satu-
ration l evel for mesopor phy r i n may be even higher than 2650 nanomoles
per aliquot of reaction mixture. In Table IV , a preliminary ex-
periment showing the effect of added heme on heme synthetase activity
is demonstrated . Al though the results are not entirely clear-cut
from this Initial experiment , the general pattern seems to be one
of enzyme inhibition at heme level s of 20 or more nanomoles per
aliquot of reaction mixture .

2. Globin synthesis

Reticulocytes were obta ined from New Zealand white rabbits
after Induction of reticulocytosis by pheny i hydrazine injection ,
essentially as described by Crysta l et al . (3). Rabbits were bled
by cardiac puncture and the reticulocyte-enriched (75-90~) redblood cells collected by differential centrifugation and freed of
plasma by washing in buffer. Me~brane-free lysates prepared by
this method can be stored at -85 C for at least one year with no
significant loss in ability to syntheti:e globin.

Globin synthesis was determined by measuring the incorporation
of H-leucine into acid-insolub le protein. The procedures used were
those described by Wooda rd et al. (4).

Al though one need only add a radiolabeled amino acid to moni tor
the endogenous protein biosynthetic activity , the rate and extent
of translation can be increased significantly by the addition of:
( 1) h eml n , wh i ch blocks the formation of a translational inhibitor ,
an d (2)  an energy ~ATP) generating system - in our case creatine
kinase/creatine phsophate. The effects of add i ng other components
required for translation i.e. , amino acids , ATP , GTP , etc., were
tested but no additional increase in activity was observed .

4 
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Figure 7 shows a time course for the incorporation of 3H-
leucine into globin protein using the supplemented lysate system
from rabbit reticulocytes . Under the conditi ons of our assay the
rate of amino acid incorporation is linear for about 40 minutes
after which time there is a decrease in activity . While it is
clear that the activity continues for at least an hour we have not
measured i ncorporational activity beyond tha t time . Similar results
have been obtained with four other preparations , although the
relative activit ies vary from 50-120% of that shown (see Table V ) .

In a typical control assay , from 2-15 pico moles of leucine
have been incorporated after 60 minutes of incubation . This level
of act ivi ty is in good agreement with that reported by a number of
other workers in the field. With regard to precision , anal ys i s of
quadrup licate data points from 21 independent assays performed with
five independent preparations of lysate show the variance due to
experimenta l error to be less than + 7-8% . When evaluating the
effects of solvents and pollu tants -, inco rpora ti on measu rements were
made in duplicate at both 40 and 60 minutes ; control reactions (no
agent) were always carried out in parallel and the activity of the
lysate containing the test substance compared directly to the
control activity .

3. Erythroid cell proliferation

A CFU-E culture system was established and standardized for
dog bone marrow aspirates . In essence , nucleated cells are isolated
from the aspirated marrow by centrifugation in Ficoll — hypaque ,
placed in a defined cult8re med i um , and incuba ted in microtiter
wells for 48 hours at 39 C in a humidi fied incubator with a 4’
carbon dioxide level . Following incubation , the p lasma clo ts are
placed on glass slides and stained . Erythroid colonies are then
counted using the microscope ; these colonies are defined as groups
of eight or more hemoglobin staining cells.

To date the major act iv i ty in the laboratory has been to
standardize this CFU—E assay . The first several months were
devoted to obtaining appropriate culture material in sufficient
quantity to use for the experiments . Fifteen batches of bovine
serum albumin were screened . One was found to have exce llent
activity in promoting CFU-E in dogs and has been purchased in
quantity . Twenty-three different lots of fetal calf serum were
screened . Two were found appropriate for the assay . Only one ot
these was comerc i a l l y ava i la b le i n a reasona b le amoun t an d was
obtained by our laboratory . These have been the two major variables
in setting up the assay . The other necessary supplies , such as

5
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erythropoietin , bovine citrated plasma , etc., are obtained and have
been working well.

As soon as the suppl y of ap pro pr ia te cul ture ma ter i a l s  was
completed , work began on standardizing the CFU-E assay . Variation
in efficiency of culture techniques was a signif icant problem
initiall y, and still presents problems occasionally. The major
reasons for this are: (1) The cell separation technique of dog bone
marrow in which nononuclear cell s are separated from whole bone
marrow by Ficol-hypaque sedimentation has not yielded pure mononuclear
cell populations . It has been both our experience and the experience
of other investigators that this is uniformly difficult to accomplish
due to size and shape similarities between mononuclear and non-
mononuc lear marrow precursor cells. We have, therefore , attempted
to simpl y use the Ficol-hypaques sed imentation to eliminate all
mature red cell s obtained from bone marrow aspiration and not to
attempt at the present time to further purify bone marrow precursor
cells. (2) The amount of nutrients available to the marrow precursor
cells var ies. We are a ttempti ng to di m i n i sh our cel l i nocul um for
culture to better allow sufficient nutrients for cell maturation
an d develo pmen t, and are proceeding with the addition of supplemental
nu tr ien ts to our cul ture ma ter ial to i ncrease effi c iency .

The rela ti ons hi p between num ber 5of cells in initial inocu lum
and number of colonies formed per 10 cells is shown in Figure S.
Erythropoietin dose response for the culture system is shown in
Figure 9.

B. Comparative toxicity data on limi ted number
of compounds using all three test systems

1. Examination of vehicles for deliv ery of
theThenzene and toluene derivat ives

Because methanol is routinely used for solubi li: ing the porph yrin
in the heme synthetase reaction , and Tween-20 is used in preparing
our homogenates for both the ~\L.A synthetase and herne synthetase
reactions , a systematic survey of vehicles was not undertaken f~

.
the heme synthesis enzymes.

The effects of six non-aromatic solvents , one detergent, and
two mixtures of solvent and detergent were tested in the cell-free
globin translation system . The solvents analyzed inc l uded : methanol .
ethanol , ethy lene gl ycol , diethy l ether , acetone and dio~ane ; thedetergent was Tween-20 and the mixes of detergent and solvent were
Tween— 20 plus methanol or dioxane. The results of these assays are
shown as dose-response curves in Figures 10 and 11 and in tabular

b
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form i n order of decreas i ng potency i n Ta b le V I I .

Not surprisingly, the solvents (and detergent) tested varied
greatly in their effects on translati on. In order of deceasing
potency , the relative toxicities of the simple solvents at 2~concen tra tion were : me thanol , ace tone , di oxane , ethanol , Tween-20,
ethylene glycol , and ether. At 4% concentration of solvent , the
relative toxicittes were similar except that ether was more toxic
than Tween-20. (Ethanol was not done at this concentration). Dose
response studies on methanol , acetone , ethanol , ethylene glycol ,
and ether show Increased inhibition at higher solvent concentrations .
In three of the cases (methanol , ethanol , and ether), there was
l i t t le inhibition until the solvent reached a specif ic concentration .
The detergent , Tween-20 , had essentiall y no effect on protein
synthesis over the range of O-2~, and only moderata inhibitory
effect at 4%; the presence of Tween-20 neutralized somewhat the
Inhibitory effects of methanol and dioxane .

A compara b l e, but cons idera b ly less ex tens i ve survey was done
of vehicles in the erythroid culture system. It became apparent
that control cultures incuba ted with ethanol did better than our
control cultures incubated without ethanol . This did not appear to
be due to changes in pH but seemed to be related to increased
nutrient availa bility .

Based on the above results , 1% ethyl alcohol was selected for
use as a sol vent to introduce the benzene and toluene derivatives
into the translation and erythroid culture systems . In an effort
to make the three systems as comparable as possible , the effect of
1% ethyl alcohol on ALA synthetase and heme synthetase will be
tested , and ethanol will be used as the vehicle in this system as
well , if feasible.

2. Purity of ben:ene and toluene
derivatives used in toxicity studies

The aromatic compounds studied came primarily from conuiercial
sources , principally Al drich Chemical Company . Some compounds
unava i la ble from comerci al sources were obta i ned from the D i v is ion
of Experimental Therapeutics at WRA IR. We tested for impurities by
subjecting each compound to thin-layer chromatography using two
different solvent systems benzene-ethy l acetate 1:4, and acetonitrile.
Each compound tested showed only a single spot on migration on pre-
coated silica gel plates (E.M. Laboratories , 500 Executive Blvd. ,
Elms for d , NV 10523).

3. Effect of benzene on heme synthesis
and globin synthesis

7
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In the concentration range lO _ 6 
to l O s, benzene had little

effect on either ALA synthetase or heme synthetase (Table XI).

Figure 12 and Table V II show the dose-response results obtained
thus far for benzene in the globin translation s~~tem . Because of
the low solubility of benzene in water (8.9 x 10 M) assays ~ere
~erformed for benzene alone over the concentration ragge ~~ -10
M and benzene in 4% diethy l ether over the range l0 -10 M. (Ether
at the 4% level inhibits activity by about 20% -Figure 10.) The
resul ts show that benzene has no deleterious effect on protein
synthesis in the cell-free system used here and i ndeed , appears to
stimulate amino acid Incorporation at all concentrations tested .

4. Effect of the dinitrobenzenes on heme
synthesis and globin synthesis

Figure 13 shows a comparison of the activities of the dinitro-
benzene s on ALAS and HS ac ti v iti es5 One may note that in con-
centration ranges greater than 10 mol/l , as HS ac ti v ity i ncreases
ALAS activity decreases.

Figure 14 and Table V III show the results obtained when the
three isomers of dinitrobenzene were tested on the rabbit cell-free
glob in synthesis system. All three compounds are soluble in water
at the concentrations tested . Inspection of the results show th~t
l ,3-DNB4has essentiall y no effect over the range tested (6 X 106 X 10 M), whereas 1 ,4-0MB and 1 ,2-0MB inhibit at most concentrations .

5. Effect of the dinitrotoluenes on heme
synthesis, globin synthes is, and
erythroid cell proliferation

Figure 15 gives the comparison of the dinitrotoluenes ’
effect on ALA synthetase and heme synthetase. .3.t con-
centrations similar to the dinitroben :enes , the effect is not as
great, which suggests that there may be some interaction between
the methyl and nitro groups that offset the enhancing — inhibiting
effects. A similar trend may be noted with trinitrotoluenes and
aminodinitrotoluenes as shown in Figure 16. The addition of an
amino group to the aromatic ring appears to lessen the decrease in
ALAS activity . p

When five of the six possible dinitrot oluene (t~N1) homolo~iueswere tested (only 3,5-DNT has yet to be tested ) in the cell-free
glob in translation system , the dose-response data shown in Figur e
l 7~4 an d 178 an d Ta b le IX were obtained .

- -



Testing was performed over the concentrati on range ~f to
All of the ONT’ s tested inhibited tr anslat ion to some extent

al though to ~ arv I ng degrees and at d f ferent concentr at i ens.
Variation of inhib i tion w ith concentr ation of DNT did not seem to
be a simp le relationship. For many of the compounds , inhibitio n
appeared to be more pronounced at their highest and/ci’ l owest
concentrat ions. For example, inh ibit ion of protein synthesis by
2 ,3-DNT and .~,5-DNT were more pronounced at l ower concentrations
than at higher ones. For 2 ,~~ONT , relat ive act~v ity  of globin .

• translation was4SOl. for 10 ~M vs 109% for l0~~M, 94% for l0
_ t

~M.• and 91% for l0 M. For 2.STQNT. re lat ive act iv i ty  of qlobi n -

transla ti on was47O% for l0 M and 68” ~~~~ ~~~~ ~ ç 5.,~4 for l0~
’M

and 92% for 10 M. For other compounds , in h ih iti o~ ~f proteinsynthes is was more pronounced at hi gher concentrations than at
lower ones . Fo~ example , relat ive a c t i v i~ v of glohin t rans lat ion 

-

~as 70% f~~ 10 M 2 .6—D NT and S~~ for 10 t M, vs ~3% and 94% for 10and 10 ~M concentrations of this conipound .~~~rom the data in
Table IX. it appears that the order of inhibtory effect iveness of
the dinitrotoluenes tested is: ~,1) mos t Inhibitory: 2,6-ONT (high
doses ) and ,5— DNT (low doses~~ ~2l TntermedT~t~1v inh ibitor y : 3, 4-
DNT and 2 -DNT~ and ~.3) least inhihhory: ~,4-15.~~

Preliminary observa tions of the eff ects ~f graded concen-
trations of 2 ,6-O NT and of 3,4-ONT on erythroid colony form~ition
are shown in Figures 18 and 19, respectively. For 2,6-ONT . in-
hibtion of colony formation was present at each concentr ation
tested (figure 181 . nh ib it to n in~reased wit h inci ’easing d~se of
the 2,6—ONT (2l%~~nh ibiti on at l0~~N; 33% inhib i tion at l0 ’

~ M~ ~S%inhibition at 10 M). ~Fo,’ 3,41NT, inhibiti on of co1on~— f~nii~tio nwas no~ present at 1C) ’M or 10 M; however , there was ~~ inhibit ion
at l0 M.

6. Corre lation ~f data obtained usiinl
__

two
or three ~ST the test svs tens r si ’ecific
compounds

Lit t le carrel at ion can be done at t h is  time airn ng 5%,5 ~~~
two reasons : (a)  The erythroid culture system has on l y recentl y
been standard ized and characterize d , and only two compounds have
been examined with this systems so far. ~b) ~esu1ts ~f the studiesof effects of the various compounds on orotein synthesis are not
entirely clear. The fact that both high and low leve}s of the
benzene and to 1 uene der I vat i yes i nh I hi t  t rans I a t i  oti • whereas
intermed iate 1 ~ve1 s do not • mist be show n to he a real phenomenon
and not an arti fact produced by a non-opt irni ~eJ system .

C. Ut i l izat ion ~f 1os~ - t .ox ic i t~ s tud ios  of .i lar
number 5? n it ro to~ uenos an¼i t ~e “ ana~ O~)Ut-’ 5

—~~ -•—--- - — - S — S --
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on ALA synthetase and heme synthetase to
de term i ne wh ich grou ps of compounds may show
s ign ificant structure -activity relationships

Table XI shows preliminary screening studies of 23 benzene and
toluene derivatives. Benzene, toluene , n i trobenzene , nitrot oluene
and the chiorotoluenes (o- , m- , and p-) demonstrate only minimal
effects on ALA synthetase and heme synthetase 2-amino-4-nitro-
toluene and l-chloro-2-nitrobenzene show slightly more pronounced
alterations in enzyme activity . The dinitr otoluenes , trinitroto luenes ,
and amino-dinitrotolue nes produce for the most part, pronounced
decreases in ALA synthetase activities and increases in HS activities ,
with the degree of enzyme alteration vary ing with the particular
structure-Hexachlorogenzene appears to increase heme synthetase
activity without significantly decfeasing ALA synthetase activity ;
in tact, it increases ALA synthetase activity at a concentration of
10 M. Anil ine ’s effect on ALA synthetase is minimal ; it produces
a moderate increase in heme synthetase at high doses .

0. Suninary of work completed so far

1. Experimental results

Three t es t  systems - heme synthesis by rat liver homogenates
and rabbit reticulocyte lysates , globin synthesis by a cell-free
rabbit reticulocyte lysate system , and erythroid cell proliferation
in a plasma clot culture system have been established and standardized .
For th8 enzyme systems , studies have been done to show the stability ,
at -70 C, of the enzymes .

Vich icles used for delivery of the benzene and toluene derivatives
were examined for their effects on the globin translation and
erythroid culture system based on the results attached in this
study 1% ethyl alcohol was selected for use as a solvent to introduce
the benzene and toluene derivatives into these two systems. Because
methanol is routinely used for solubi lizin g the prophyrin in the
heme synthetase reaction , and Tween-20 is used in preparing our
homogenates for both the ALA synthetase and heme synthetase reactions ,
a systematic survey of vihicles was not understaken for the heme
synthes i s enz ymes.

The effects of benzene, the dinitrobenzenes , the dinitrotoluenes ,
and the tn -substituted toluenes on heme synthesis and globi ri
synthesis were studied . Benzene was shown to have little deleterious

• effect on either the enzymes of heme synthesis or globin trans-
lation . Ortho- and para- dinitrobenzene were shown to affect heme
and globi n synthesis more than meta- dinitrobenzene . Examination of
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the effects of the dinitrotoluenes on heme synthesis and globin
translation revealed that (a) alterations of enzyme activity do not
seem to be related solely to the relative positions of the two
nitro grou ps with res pect to each other , and (b) in some cases, one
enzyme system was sensitive to a particular compound while the
other was not.

Dose-toxicity studies of the effect of 23 benzene and toluene
derivatives on ALA syn-thetase and heme synthetase were exami ned.
The most pronounced effects were seen wi th the dinitrobenzenes , the
dinjtrotoluenes , the tr i n itrotoluenes , the ami no-dinitrotoluenes ,
and hexachlorobenzene. Less pronounced effects were seen with
benzene , toluene , n itro benzene , nitrotoluene , the chiorotoluenes ,
2-amino—4—njtrotoluene , and l-chloro-2-n itrobenzene.

2. Problem areas

The major problem area at the present time is standardization
of the three test systems so that results for each system are not
onl y qual i tativel y cons istent, but also quantitatively reproducible .
In standardizing the system, particular attention will have to be
pa id to the glob i n synthes i s studies , in or~~r to determ ine whe ther• inhibition by the l owest concentration (10 M) of toluene derivatives
and the frequent occurrence of inhibition at both high and low (but
not intermediate) concentrations of the derivatives is real or
artifactual .

• A second problem area is that the toxicity studies have only
been done once for eac h compoun d . Several repea t studi es w i l l  have
to be performed for each compoun d.

3. Usefulness of this approach to in vitro
toxicity testing

It i s too early to determ ine whether the app roac h we are us i ng
will be of practical use for in vitro toxicity testing . Hopefully,
we will be able to show that the three systems give similar data on
relative toxicity of a given compound . If that is the case, then
the simplest of the assays will have predictive value , an d can be
used as a preliminary screen .

• r
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Figure 1.
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Fi~jre 2. Linearity of Heme Synthetase reaction with respect to time
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Fig.ire 5. Variation of Heme Synthetase activity with I ron ancentration
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F~~we 1. Rate of Cell-Free Incorporation of Radiolabeled Leucine into Ptotein
by Rabbit Reticulocyte Lysate System
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Figure 11. Effect of a (
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Figure 17. Effect of Various Dinitrotoluene I somers on In Vitro Protein Synthesis
by Rabbit Reticulocyte Lysates
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Fj~jre 18. Effect of Q)ni~ntration of 2,6-DNT on Colony Nonter

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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0

io6 M 433 (4 13) 21% inhibition
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Fi~ire 19. Effect of ~~n~ ntration of 3,4-Df~~ on Celony F~kinter
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Table VIII

Effect of Three Isomers of Dinitrobenzene (DNB) on Cell-Free Synthesis of Rabbit Globin

Relatiw Pctivity (%)
Conc. Dinitrobenzene CM) 1,2-DNB 1,3-DNB 1,4-DNB

5.9 x 104 - 98 -

1.8 x 104 91 - -

9.4x10 5 - - 76

5.9x10 5 - 99 -

4.7 x 1a5 - - 78

1.8 x 1a5 99 - -

9 .4x 10~ - - 95

5.9x 10~ - 100 -

1.8x 1O~ 85 - -

9.4x107 - - 102

5.9x10~ - 102 -

1.8x 108 67 -- -

9 .4x1 0~
9 - - 92
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Table X.

COMPARISON OF TOXICITY STUDIES

96 hr. LC5O
Conpound (n~~/ Iiter) ALAS HS

in Minnc~ivs (Percentage of Control)

Toluene 12.6 96

4-NitrotokEne 49.9 84 93

2~3DinitrotoIuene 
1.9 55 130

2,4-Dinitrotoluene 32.5 92 87

2~5-Dinitrotoluene 1.3 43 139

2,6-Dinitrotoluene 19.8 77 111

3,4-DinitrotoluerE 1.5 56 131

2,4,&TrinitrotokEne 2.4 86 150

2-An~no-4-NitrotoIueiw 71.3 89 97

4Am,no 2,6- Dinitrotoluesw 6.9 82 t37

4 Miino-3,5-Dinitrotoluerie 13.1 89 152

NOTE: il K,? Io~wr the LC5O number obtained by Ft. Detrick, the nue thas~ic the chanqi’ in the
percenta~ of control ~~~~ ‘ obtained for ALPS (usually a decrease) and fo~ F’~ (usually an
increase).
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Tatle Xl.

Percentages of Control

Concentrat ion of Arom atic iO-3 moth i~’~ mo t h mot’l 10 6 mol ’ l
Test ALAS HS ALAS HS ALAS HS ALAS HS

Aroma ttc

Benzene 95 86 104 91 107 94 107 89
To luene 96 92 104 86 93 91 100 89
Nitrobenjene 86 111 108 104 110 100 81 105 

— — — — . — — — — .
.

— .
.

.

— 
o D,n’trobenzene 43 143 84 148 104 146 105 105
m D,nitrobenzene 83 149 94 118 118 119 100 104
p Dinitrobenzene 41 152 50 180 81 127 93 11?
4N,trotoluene 84 93 95 99 96 107 96 113
2,3 Dinitr ot olu ene 55 130 81 103 97 85 104 99
2.4 Dinitrotoluene 92 87 100 80 102 92 99 96-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- -- — - - - --2.5 Din it ro to luene 43 139 91 102 89 82 90 66
2,6 Dinut ro t o luene 77 1 1 7  87 96 100 89 9/ 84
3,4 Dunitrotolueni,. 56 131 86 119 97 87 99 94
2.3,4 Trinitrotoluene 26 104 69 119 101 96 99 100
2,4,6 Tr,nutrotoluen~ 86 150 93 136 103 1 1  / 105 119 
4 Amino
2,6 Din itr ot o luene 82 137 87 126 93 110 89 109
4 Amino
355 Dsnitrototuene 89 152 94 140 107 11 3 10/ 105
2 Amino
4 Nitro t ot uene 89 97 88 111 8/ 11 8 94 103
o Chl or otol uene 87 101 98 118 99 108 94 

- 
11)

m Cblorototuene 97 107 99 110 101 104 103 104
p Ch loroto luenc 97 108 100 108 102 106 103 104
1 Chloro
2Nitrobenzerii,. 102 115 88 113 95 109 99 110
Hexach lo roberi zent . 117 133 94 131 99 113 104
Aniline 96 108 91 12 1 94 104~~~~~~3 f l 6
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