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Room L-100 oo
Office of Toxic Substances ¥8a200 /06572
U.S. Environmental Protection Agency T NTT

401 M Street, SW
Washington, DC 20460

Attn: Section 8(e) Coordinator (CAP Agreement)
Re: CAP Agreement Identificati AP-

Dear Sir or Madam:

Union Carbide Corporation ("Union Carbide") herewith submits the following
report pursuant to the terms of the TSCA §8(e) Compliance Audit Program and Union
Carbide's CAP Agreement dated August 14, 1991 (8ECAP-0110). This report
describes a toxicity study with ethylene glycol butyl ether (CASRN 111-76-2) and
butoxyacetic acid (CASRN [not available]).

"Ethylene Glycol Butyl Ether and Butoxyacetic Acid: Their Effects on
Erythrocyte Fragility in Four Species”, ICl (UK), Report No. CTL/T/22586,
February 18, 1985. [Also attached to this study are copies of CMA
correspondence to the Glycol Ethers Program Panel and TRTG (April 17,
1985, and a CMA letter of April 15, 1985 to EPA with a supplemental filing
concerning ethylene glycol monobutyl ether (dated April 11, 1985:
"Assessment of Hematologic Toxicity of Ethylene Glycol Monobutyl Ether
(EGBE)"). ’

A complete summary of this report is attached.

Previous TSCA Section 8(e) or "FYI" Submission(s) related to this substance
are: )

- i




(None)
Previous PMN submissions related to this substance are: (None)

This information is submitted in light of EPA's current guidance. Union Carbide
does not necessarily agree that this information reasonably supports the conclusion

that the subject chemical presents a substantial risk of injury to health or the
environment.

In the attached report the term "CONFIDENTIAL" may appear. This
precautionary statement was for internal use at the time of issuance of the report.
Confidentiality is hereby waived for purposes of the needs of the Agency in assessing
health and safety information. The Agency is advised, however, that the publication
rights to the contained information are the property of Union Carbide.

Yours truly,

William
Associate
Product Safety

(203/794-5230)
WCK/cr

Attachment (3 copies of cover letter, summary, and report)
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SUMMARY

Erythrocytes prepared from human, rat, dog and rabbit blood samples were
incubated with different concentrations of EGBE or butoxyacetic acid.

Rat erythrocytes were unstable in the presence of butoxyacetic acid and
lysed at a concentration of 0.05% or greater whereas those of the other
species were stable up to 2X concentration. Dog erythrocytes were lysed
by EGBE over the entire concentration range employed (0.05 - 0.5%)
whereas the stability of the other species was similar in the presence of
this compound, all lysing at a concentration of 0.25% or higher.

These results are discussed in relation to in vivo exposure to EGBE and
it s concluczd that erythrocyte lysis is unlikely to occur in cases of
human exposure.
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EXECUTIVE SUMMARY

Although the blood and the blood forming corgan, the bone marrow,
present a multiplicity of potential targets for the toxic effects of
ethylene glycol butyl ether (EGBE), the only demonstrated toxicity of
this compound in the hematopoietic system of mammalian species is
that of accelerated destruction of red blood cells. This effect is
most evident in rats and mice in contrast to man whose red cells

show resistance to EGBE induced hemolysis. 1In extensive toxicologic
studies carried out in several laboratories from 1943 to 1983,
involving mice, rats, rabbits, guineéa pigs, dogs, monkeys and human
subjects, there has been no evidence for any alteration of the blood
cell forming capacity of the bone marrow or the numbers or function
of circulating leukocytes or platelets. Alteration of the red btiooz
cell with resultant hemolytic anemia after exXxposure to EGBE has been
the only toxic hematologic effect and this has been confined to a
limited number of nonhuman mammalian species. Moreover, a
substantial species variation exists in susceptibility to the
nemolytic effz-ts of EGBE with the following rank order from mos:z to
least suscep-..le: rat, mouse, rabbit, dog, monkey, guinea éig. marn.
In rabbits, L-.-olysis was only seen with subchronic skin applications
at high concerzrations of IUZZ, but not with 13 day subchronic vapor
éxposures up to 200 ppm. - the guinea pig, no evidence of hemolysis
or red cell alteraticn was found =: inhalational éxXposure levels up
to 494 ppm. Human subjects safely toler: =3 inhalatiocnal exposures of

EGBE at 195 ppm for up 0 8 hours without any hemolytic effect.




In contrast, the rat and mouse showed hnique species specific
piochemical susceptibility to the hemolytic effect of EGBE, which is
not seen in man or highér mammalian species. The rat showed evidence
of red cell alteration following subchronic vapor exposures at levels
as low as 54 ppm and frank hemolytic anemia at 200 ppm, wheras mice
showed evidence of hemolysis at 100 ppm. The known biochemical and
biophysical differences between the red cells of rat and mouse and
those of man, render these rodents particularly poor toxicologic
models for assessment of potential EGgféﬁéﬁolytic toxicity in man
where a relative reéistance to the hemolytic effects of EGBE is
evident. Thus, from these toxicologic studies it can be concluded
that a hematologically safe subchronic inhalational exposure level
for man appears to exceed 200 ppm. Certainly, the current ACGIH

level of 25 ppm should provide an ample margin of safety.
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INTRODUCTION

One of the major effects seen in toxicity studies carried out with
ethylene glycol butyl ether (EGBE) is haematuria and microcytic anaemia
caused by the lysis of red blood cells. It is thought that the major
metabolite of EGBE, butoxyacetic acid, is responsible for this and a

study by Carpenter et al (1956) suggested that the rat may be
significantly more sensitive than humans to the effect of these compounds.

The aim of this work was to investigate in greater detail the in vitro
results reported by Carpenter et al (1956) which compared the relative

haemolytic activities of EGBE and butoxyacetic acid in a number of
species,

MATERIALS AND METHODS

Test substances

Ethylene glycol butyl ether (EGBE) was supplied as technical grade
material ex BDH Limited and was assigned CTL reference number
Y00704/003/002. Butoxyacetic acid was supplied by Biochemical Toxicology
Section, Centra) Toxicology Laboratory and was assigned CTL Reference
number Y03703/001/001. .

Test solutions

For the initial experiment EGBE and butoxyacetic acid solutions were
prepared with veronal buffered saline. Ffor all subsequent experiments
solutions were prepared with 0.607% sodium chloride. The pH of all
solutions was checked and adjusted to pH7.2 where necessary with sodium
hydroxide solution prior to adjustment to the final desired volume with
0.607% sodium chloride.

CTL/T/2266 - 2
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ETHYLENE GLYCOL BUTYL ETHER AND BUTOXYACETIC ACID :
THE™2 EFFECTS ON ERYTHROCYTE FRAGILITY IN FOUR SPECIES

SUMMARY

Erythrocytes prepared from human, rat, dog and rabbit blood samples were
incubated with different concentrations of EGBE or butoxyacetic acid.

Rat erythrocytes were unstable in the presence of butoxyacetic acid and
lysed at a concentration of 0.05% or greater whereas those of the other
species were stable up to 2% concentration. Dog erythrocytes were lyseg
by EGBE over the entire concentration range employed (0.05 - 0.5%)
whereas the stability of the other species was similar in the presence of
this compound, all lysing at a concentration of 0.25% or higher.

These results are discussed in relation to in vivo exposure to EGBE andg
it s concluczd that erythrocyte lysis is unlikely to occur in cases of

human exposure.

CTL/T/2266 - 1
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RESULTS

The initial experiment was designed to measure the haemolytic activity

of EGBE at concentrations of 2.5% and 1%, and butoxyacetic acid at
concentrations of 0.2% and 0.1X, towards rat and human erythrocytes. The
conditions employed were based upon those used to assess the haemolytic
activity of particulates (Desai, Hext and Richards; 1975). Results from
this experiment using butoxyacetfc acid (Table 1) showed no haemolysis
with human erythrocytes, this being less than that observed with the
fragility control. In those samples incubated with rat erythrocytes
there was a marked haemolysis (38.4% compared with totally lysed sample)
in the fragility controls with less haemolysis in the test samples.

A1l samples containing EGBE turned brown upon addition of erythrocytes.
This problem was found to be caused by incomplete solubilisation of EGRE
at these concentrations which resulted in a slow but medsureable decrsase
in pH in these solutions after the initial adjustment to pH7.2. This
problem was only overcome by employing 0.5% EGBE as the maximum
permissible concentration for incubations.

the conditions employed by Carpenter_gg_gl (1956), namely 0.68% sodium
Chloride and 37°C incubation, were adopted. Table 2 shows the haemolytic
activity of a wide range of butoxyacetic acid concentrations incubated
with erythrocytes from all four species. It is apparent that only rat
erythrocytes readily lysed and that there was a very marked increase in
haemolysis with small increase in concentration around 0.05%. This

can be seen more clearly in Figure 1 where the haemolysis of rat and
human erythrocytes are compared.

The lower haemolysis figure with rat erythrocytes at 2% butoxyacetic
acid may represent osmotic protection afforded by using such a high
concentration of this compound.

CTL/T/2266 - 4



Blood samples

Human, dog and rabbit blood samples were taken by venupuncture. Rat
blood samples were taken by cardiac puncture following deep anaesthesia
with halothane BP (FLUOTHANE, Imperial Chemical Industries PLC,
Pharmaceuticals Division).

A1l blood samples were of approximately 10ml volume and were transferred
ta lithium heparin coated tubes to prevent coagulation. After gentle
mixing each sarole was processed to produce a washed ‘and standardised
erythrocyte suspsasion in veronal buffered isotonic saline.

Haemolysis testing

In a1l experiments Iml of erythrocyte suspension was added to 3ml of the
desired test or standard solution. The suspension was then gently mixed
for lh followed by centrifugation at ZOOOrpm‘at room temperature in a
bench centrifuge for 10min. The extinction of the supernatant was
measured at 54lnm in a Pye Unicam SP6-500 spectrophotometer and the
extinction compared with that of a totally lysed sample (water replacing
test solution) and a fraz iity control (no test substance in solution).
The haemolytic activity ~:s calculated using the following formula:

% Haemolysis = 100 x Ext -:tion of test - Extinction of fragility contro)
Extinction of totally lysed erythrocytes

The initial experiment used veronal buffered solutions under jsotonic
saline conditions with mixing in stoppered plastic tubes at room
temperatyre.

A1l remaining experiments reported here employed overall sodium chloride
concentrationsof 0.68%X (1ml erythrocytes in isotonic saline added to

3ml of test solution prepared with 0.607% sodium chloride gives an overall
concentration of 0.68%) with shaking at 37°C in stoppered quickfit 25ml
conical flasks. After shaking, the flask contents were transferred to
10m1 plastic tubes for the centrifuge stage.

CTL/T/2266 - 3
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resistant to such an effect over a wide range of concentrations, dog
erythrocytes showing a slight haemolysis at one of the lower
concentrations. When erythrocytes were exposed to EGBE a different

~ pattern of effects was evident. Rat, human and rabbit erythrocytes were

lysed at similar concentrations (0.25% - 0.5%) whereas at all
concentrations (0.05% - 0.5%) a high percentage of those from the dog

lysed.

If results from this study are comparable in any way with the in vivo
effects of exposure to EGBE, the absence of haemolytic activity in the
dog suggests that little, if any, of the parent compound reaches the
erythrocyte. Similarly, on the basis of EGBE alcne, the rat should be
no more sensitive than the human or rabbit. However, since it is the
results with butoxyacetic acid that correlate very strongly with the
haemolytic effect seen in vivo in different species upon exposure to
EGBE, the very marked sensitivity of the rat in vivo to EGBE and rat
erythrocytes in vitro to butoxyacetic acid suggest that it is the latter
compound, a metabolite of EGBE, that is responsible for these effects.
The marked stability of human erythrocytes when incubated with this
compound over a wide range of concentrations, togetner with the limited
data on human exposure to EGBE, support the theory that the rat ijs
significantly more sensitive than humans to EGBE exposure, and that
erythrocyte lysis is unlikely to occur in cases of human exposure.

PMH/SHR/SJB/DC  (31)
30.01.85
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Incubation of erythrocytes with . ~ing concentrations of EGBE (Table 3)
demonstrated that there was little “ference between the rat, human

and rabbit with respect to the concentration required to produce marked
haemolysis, whereas dog erythrocytes appeared to be very unstable in the
presence of EGBE at al} concentrations employed.

OISCUSSION

The work reported here was designed to further substantiate the
conclusions of Carpenter et _al (1956) which were derived from results
using a very arbitrary end point for comparing the haemolysis of
erythrocytes from a number of species in the presence of EGBE or
butoxyacetic acid. The different methodologies employed in the two
studies make it difficylt to readily compare the two sets of results,
nonetheless, there is Very good correlation between the main conclusions
drawn from both studies.

It is apparent from the zonditions employed by Carpenter et al (1956) and
later aczoted in this study, that any haemolytic activity—of the compounds
tested c:zends upon the erythrocytes being subjected to slight stress.

In these studies this was applied by using hypotonic conditions whereas

in vivo there might be mechanical stress during passage of the cells
through the fine blood capillaries. Both types of stress would make
erythrocytes more suscertible to membrane damage. If this Subsequently
occurs as a result of ¢ -sure to the test compound, it would be apparent
in vitro as release of =moglobin into the medium and in vivo as
haematuria.

The major aim of this cludy was to compare the in vitro haemolysis of
human and rat erythrocytes in the presence of butoxyacetic acid and EGBE.
This was extended to include two other species, the rabbit and the dog,
which in vivo do not appear to develop haematuria following exposure to
EGBE. 1. can b: seen from the results that of the four species tested
here, ra- erythr zytes appear to be very susceptible to damage (resulting
in 1:sis by butcxyacetic acid. Human, dog and rabpit erythrocytes were

CTL/T/2266 - 5




ETHYLENE GLYCOL BUTYL ETHER AND BUTOXYACETIC ACID :
THEIR EFFECTS ON ERYTHROCYTE FRAGILITY IN FOUR SPECIES

TABLE 1

EXTINCTION AT S41nm OF SUPERNATANTS FROM HUMAN AND
R%™ ERYTHROCYTES INCUBATED AT ROOM TEMPERATURE IN
VERONAL BUFFERED ISOTONIC SALINE ALONE OR CONTAINING

0.1% AND 0.2% BUTOXYACETIC ACID

Extinction at 541nm
Species 0.1% . 0.2% Fragility
Butoxygcetic acid | Butoxyacetic acid Control
Human 0.012 C.011 0.025
Rat 0.170 0.139 0.217

CTL/T/2266 - 8
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ETHYLENE GLYCOL BUTYL ETHER ANnD BUTOXYACETIC ACID :
THEIR EFFECTS ON ERYTHROCYTE FRAGILITY IN FOUR SPECIES

TABLE 3

HAEMOLYTIC ACTIVITY OF VARIOUS CONCENTRATIONS OF EGBE
INCUBATED WITH ERYTHROCYTES FROM RAT, HUMAN, DOG AND RABBIT

-
Haemolysis (%)
Overal) Concentration (%)
Species

0.05 0.1 0.25 0.4 0.5

Rat - 0.0 2.5 51.5 62.0
Human - 0.0 1.5 20.5 70.9 l
!
{ Dog 46.8 36.2 - 41.2 62.3 /
Rabbit - 0.0 2.8 83.7 72.0 ’

L

Each figure is the mean of at Jeast duplicate determinationsg unless one

of the duplicates gave 0.0% haemolysis,

CTL/T/2266 - 10




ETHYLENE GLYCOL ¢t “THER AND BUTOXYACETIC ACID :
THEIR EFFZCTS ON E: “. T2 FRAGILITY IN FOUR SPECIES

TABLE 2
HAEMOLYTIC ACTIVITY OF VARIOUS CONCENTRATIONS OF

BUTOXYACETIC ACID INCUBATED WITH ERYTHROCYTES FROM
RAT, HUMAN, DOG AND RABBIT

~aemolysis (%)
Overall Concentration (%)

Species [

0.01 0.02 " 0.03 0.04 0.05 0.1 0.2 0.5 2.0
Rat 0.8 4.4 8.4 11.1 53.0 91.9 97.9 98.8 24.9
Human 0.8 1.4 - - 0.2 0.0 1.2 0.8 0.0+
Oog 0.0 13.6 - - 0.0 0.0 0.0 0.0 2.6+

! Rabbit 4.9 0.0 - - 3.2 1.2 0.0 1.1 1.7

Each figure is the mean of at least duplicate determinations unless
one of the duplicates gave 0.0% haemolysis or those marked + where one of
the duplicates was lost.

CTL/T/2266 - 9




ETHYLENE GLYCOL BUTYL ETHER AND BUTOXYACETIC ACID :
THEIR EFFECTS ON ERYTHROCYTE FRAGILITY IN FOUR SPECIES
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ETHYLENE GLYCOL BUTYL ETHER AND BUTOXYACETIC ACID -
THEIR EFFECTS ON ERYTHROCYTE FRAGILITY IN FOUR SPECIES

FIGURE 1

HAEMILYTIC ACTIVITY OF VARIOUS CONCENTRATIONS OF BUTOXYACETIC ACID
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CHEMICAL MANUFACTURERS ASSOCIATION

April 17, 1985

To: Glycoi Ethers Program Panel and TRTG

From: C. Stack .=, -srm=.Af

Re: Lessin Rer .t

The final report from Dr. Lessin on his review of EGBE hematotoxicity
is enclosed along with the transmittal letters to EPA. The Lec::n review,
and the ICI study report referred to in the letter addressed tc
Harry Teitelbaum, were sent to EPA on April 15.

Formery Manufaciuring Chemists Assocration—Serving the Chemicai [ndustry Since 1872

2507 M Streer NW e Wasnington, DC 20037 « Telephone 202/887-1100 » Teiex 89617 (CMA WSH)
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CHEMICAL MANUFACTURERS ASSOCIATION

Ms. Joni T. Re v sch
£iice of Toxi. Substances
v.s. Env1ronme tzl Protection Agency
401 M Street, & .w.
Rocom 106, Eas: I->we =~
wccnlngton, D. - 20460

Re: 2-2¢- L toxyethoxy)
CPTE - 1062; Suoole-

Dezr Mg, Repacsc:

Y hen tHe Clzamical Mznufzcetyrers Associztion Glvcol
Ethers Pzrne fil22 cn Fex —“Truary 19, 1985 jte ANPR ccmments en
tHe Acency's ccn;;:e:‘**cn cf a2 Tsca Secticn 4 tect rule for
ci e-hVLeﬁe Slveo. Eutvl ether (DG3Z) ang its acetate (DG=z2r),
we discussed the Ereliminary ccr-lusicns of Dr. Lewrence
Lessin on studies cf hematoloc‘c Zfects of EGEE (at ED.
24-25). Dr. Lessin hzs now copc zzed his dssessment, and we

enclose a cory ¢l his report fc:
letter to Dr. Eer-y Teitelbaun sum

m

record, as well as a
izing the reoort.

1

)
'1

Sincerely,

e A=

Carol Stack, ph. D.
Manacer, Glycol Ethers
Program Panel

nclosures

€c: Mr. Frznk Bene-z¢i

. ; - ng the Chemical Industry Since 1872
Formerly “t3nutacturing Chemists Association—Serw g the A

2501 M Stree: Ny e Vasnington DC 20057 e Teiephone 202 857-1100 » Telex 89617 (CNA WSH;
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CHEMICAL MANUFACTURERS ASSOCIATION

April 15, 1925

Dr. Harry Teitelbaum

Existing Chenmicals Control Branch
Chemical Control Division

Office of Toxic Substznces
Environmental Protection Agency
401 M Street, S.W.

Room 529-A, East Tower
Washington, D.C. 20460

Dear Dr. Teitelbaum:

On April 26, 1984, the CMA Glycol Ethers Panel sent ycu
& preliminery review of the manv studies of res blooé cell
effects of ethylene glvcel monzzutyl ether :IGBE). Since
thaet time, the Panel has cont:: .ed to review these Zats &
has consulted with Dr. Lawrencze S. Lessin, Chairmanr -f the
Decartment of Hematology a2t the George Washington Universi
"=21cal School, concerning their interpretation. Dr. Less
S Just completed his assessment of the hematologic toxic
< EG3Z. I am enclosing a copy of his report to assist EPx
in its continuing review.

1
v

Bzsed on assessment ¢ more than 24 hematologic studies
of EG3E, Dr. Lessin finds (at F- 2) that "a hematolocgically
safe subchronic inhalationzl exposure level for man acpezars
to exceed 200 pom." Thus, he concludes: "Certainly, the
current ACGIE level of 25 ppm should provide an ample margin
of safety." Ig.

Dr. Lessin's assessment provides both a background dis-
cussion of hematologic effects that can be c:z:sed by chemiczl
exposure and a detailed discussion of the EC'" data. He
notes (at p. 1) that the "only toxic hematoli:ic effect" of
EGEE that has been found in any species is "aiteration of the
red blood cell with resultant hemolytic anemia." <This ef-
fect, he notes further, "has been confined to a limited num-
ber of nonhuman mammalian species" (id.) and has been fourd
at exposures less than 200 ppm only in the rat and mouse (sees

—_—

Formerly Manufacturing Chemusts Association—Serving the Chemical Iﬁdusrry Since 1872
2501 M Street. NW ¢ Wasningion DC 20C37 o Telepnone 202 887-1100 ¢ Telex 89617 (CMA WSH)



Dr. Harry Teitelbaun
Pace 2
ATril 15, 19¢3

Dr. Lessin's arpended graphsg) . Dr. Lessin notes, however,

(at p. 2) that “known biochemical apg biophysical differences
between the reg cells of rat ang Mouse anc those of man" Cause
these rodents to be "particularly Poor toxicolocic modeis

for assessment of potential EGBE hemolytic toxicity in man."

Dr. Lessin further notes that human data on EGBE hemato-
logic efzenmss confirm the ursuitability of rat and mouse re-
sults fer dete:mining safe exposure levels for man. Callincg
the relative resistance to hemolvtic effects of man "evidenc"
(at p.2) arc ncting that huran stucies founé no eflects with
€Xbosures as high as 195 pom, pr. Lessin ccncliudes human hemo-
lvsis Suscertirility woulg te better Predicted bv rabbit er
guinea ric resul+s that are nuen mcre likelv to be “similer
to that o man" (at P.19).  Inasmuch as both of these sTeci
have evidenceg no hemolvtic elfects at €Xposures up to 404
Pr. Lessin conciuges (&t 2.2} that the exderimentaily deris
T no-eflect level of 200 pz= can confidently be founc ¢

R
O M5
n.":} 0

The Panel is aleo enclicsinc for your information the
report of a Stucy cf in witra blocd efzects, "Ethviene Glveol
Butyl Ether ancg Butoxvacetic Acid: Their Effects on Ervthro-
cYte Fracilitv in Feur Stecies," that was recently concducted
bv Imcerizl Chemical Incdustries in the Unitecd Kincdonm. This
rerort provides accitional cata surrlementing the concliusicne
reached bv Dr. Lessin. Althouch the Cover page characterizes
the IcC: studv as coniidential, we have been assured by ICI tha-
it neec not be hancdled as such.

The Panel hopes Dr. Lessin's exrers review of the hera-
tolecic data on EGBE will be useful to the Agency., If vou
have ‘any Cuestions, piease feel free to call me.

Sincerely,

e A

Carol Stack, Ph.D.
Manacer, Glvcol Ethers
Program Panel

Enclosure
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EXECUTIVE SUMMARY

Although the blood and the blood forming organ, the bone marrow,
present a multiplicity of potential targets for the toxic effects cof
ethylene glycol butyl ether (EGBE), the only demonstrated toxicity of
this compound in the hematopoietic system of mammalian species is
that of accelerated destruction of red blood cells. This effect is
most evident in rats and mice in contrast to man whose red cells
show resistance to EGBE induced hemolysis. 1In extensive toxicologic
studies carried out in several laboratories from 1943 to 1983,
involving mice, rats, rabbits, guinea pigs, dogs, monkeys and human
subjects, there has been no evidence for any alteration of the blood
cell forming capacity of the bone marrow or the numbers or function
of circulating leukocytes or platelets. Alteration of the red biccd
cell with resultant hemolytic anemia after exposure to EGBE has been
the only toxic hematologic effect and this has been confined tc a
limited number of nonhuman mammalian species. Moreover, a
substantial species variation exists in susceptibility to the
nemolytic eff:zzts of EGBE with the following rank order from mos=- to
least suscer: _le: rat, mouse, rabbit, dog, monkey, guinea pig, marn.

In rabbits, h.-olysis was only seen with subchronic skin applications

at high concern:rations of I 32, bu: not with 13 day subchronic vapor
éxposures up to 200 ppm. - the guinea Pig, no evidence of hemolys:s
or red cell alteraticn was found =. inhalational exposure levels up

tO 494 ppm. Human subjects safely toler: =4 inhalational exposures of

EGBE at 195 ppm for up =o 8 hours without any hemolytic effecrt.




In contrast, the rat and mouse showed unique species specific
piochemical susceptibility to the hemolytic effect of EGBE, which 1is
not seen in man or highér mammalian species. The rat showed evidence
of red cell alteration following subchronic vapor exposures at levels
as low as 54 ppm and frank hemolytic anemia at 200 ppm, wheras mice
showed evidence of hemolysis at 100 ppm. The known biochemical and
biophysical differences between the red cells of rat and mouse and
those of man, render these rodents particularly poor toxicologic
models for assessment of potential EGBEyhéﬁolytic toxicity in man
where a relative resistance to the hemolytic effects of EGBE is
evident. Thus, from these toxicologic studies it can be concluded
that a hematologically safe subchronic inhalational exposure level
for man appears to exceed 200 ppm. Certainly, the current ACGIH

level of 25 ppm should provide an ample margin of safety.



1.0 Blood and bone marrow as target organs fcr chemotoxicity.

The cellular elements of the circulating blood and their precursor
cells in the bone marrow may be considered as a single hematopoietic
organ. Because of the highly proliferative state of blood forming
cells in the marrow and tne relatively short survival and

metabolic dependence of periphera% blood elements, the hematopoietic
organ 1is a susceptible target for the toxic effects of chemical
agents. Ease of access to blood and relative simpliicity of detecticn
of hematotoxic effeéts in test animals and man makes the
hematopoietic system a convehient marker target organ for assessment
of texicity of a broad spectrum of compounds.

1.1 Hematopoletic targets fzor chemotoxicity. Normal function of

nematopoiesis is criticallw dependent upon the intregrity of the
structure and chemical cor; sition of its ground substance or

"soil" and cellular eiemen: =r "seed." Furthermore, the environ-
mental and chemical reguire-:zats for the constant proliferation and
renewal of erythro:z ~yeloid and thrombopoietic lines and tre:ir
responsiveness to pe:.pheral demands and stimuli, place hematopoier:.3
in a position particularly vulnerable to chemical insult. Thus,
direct chemical damage to the “"soil" by oxidation, liganding,
intercalation, crosslinking or induced release of hydrolytic

enzymes will impair 1ts support of an inductive microenvironment.
Similarly, direct chemical insult to DNA synthesis or repauir,
protein synthesis, mitochondrial energy production or lipid membrare

biosynthesis risks retardation or inhibition of the




hecessary rapidly responsive Proliferation of any or all of the

three cell lines. Chemical injury to hematopoiesis may also take

injury, in a predictable'dose-response fashion. If the inhibitory
chemical agent has not been given 1in éxcessive dose or time of
éXxposure, hematopoietic recovery usually ensues within 10-21 davys.
Repeated insults of ehis type, Particularly when coupled with the
additive effects of radiation, may deplete the hematopoietice stem
cell pool angd impair subsequent marrow recovery. In mosrt

cases however, oncologists have learned how to use chemotherapeutlc
compounds such that cancer cells are selectively killed and marrow
recovery ensues.

Chemical marrow injury may also occur by direct toxicity to
mitochondrial eénergy production or energy-dependent Pathways. For
example, lead deactivates several enzymes in the heme-synthetic
pathway, blocking erythropoiesis. Isoniazide antagonizes the action
ofvitamin B6, essential to heme synthesis. Ethanol, in concentra
tions over 100mg/dL also inhibits thisg Pathway by Preventing
nigh-energy phosphoryllation of vitamin B§.

Cellular protein synthesis 1s inhibited by agents such as

chloramphenicol and asparaginase, leading to cell death duye to



growth failure. Such'agents deprive marrow cells of structural and
enzymatic proteins critical to continued maturation, amplification
and production of their cellular end products. The resultant patho-
logic process is termed ineffective hematopoiesis, usually accom-
panied by production failure and premature death of marrow precursor
cells.

Hematopoiesis. 1In mammalian species hematopoiesis occurs largely

within the marrow spaces of porous bones of the axial skeleton,
although in some rodents, the spleen and liver are sites of
hematopoiesis. The formatioh of all blood cells derives from a
single multipctential progenitor cell, the "stem" cell. Under
appropriat= stimull and control, the stem cell gives rise to red
cells, leukocytes anc =latelets through a series of cell divisions
which permit both maturaticn and amplication. Thus a single stem
cell can potentially give rise to numerous mature red blood cells,
leukocytes or platelets.

1.1.1 Erythropoiesis. Under the stimulus of the hormone,

erythreopoletin, the stem cell commits to erythropoiesis, which is the
formation of red cells. Thi:z - .rmone is produced by the kidney when
a demand for increased red ce.. production is created by blood loss
or hemolysis, the premature destruction of red cells. Over an
average period of 72 hours the human stem cell matures through the
developing erythroblasts to the reticulocyte which enters the
circulation as a “"newborn" red cell. The red cell then circulates
for approximately 120 days under normal conditions in man and
somewhat shorter periods in lower mammalian species.

Any alteration in the red cell or its circulatory environment,

results in a nemolytic state, which is usually partially




compensated by acceleration of erythropoiesis. (The principal andg
only toxic effect of EGBE on the blood appears to be such an
alteration of the circulating RBC and only in selected non-human
mammalian species. See section 2.0, below.) Under normal conditions
about 1% of our red cells are destroyed and replaced each day. 1In a
clinical hemolytic anemia 20% or more of the red cell mass may be
destroyed in a day, exceeding the marrow capacity for replacement.

1.1.2 Granulopoiesis and immunoproliferation. White blood cell (WBC)

formation in the bone marrow may be simplified into two principal
compartments, granulopoiesis--the production of the granulated
leukocytes--and immunoproliferation--the formation of lymphocytes and
plasma cells. Granulocytes recognize, engulf and kill bacteria and
other "foreign'" invaders and the immunocytes, lymphocytes and plasma
cell are responsible for cellular immune response and antibody
production. Granulopoiesis proceeds from the multipotential stem
cell to a committed precursor cell capable of producing only
granulocytes and monocytes.

Initiation and acceleration of this type of white blood cell
formation occurs in response to peripheral signals which indicate
pacterial infection or tissue injury. When this occurs, a stepwise
sequence of maturation and amplification proceeds from stem cell to
myeloblast to each of the granulocytic precursor stages, resulting
in numerous mature granulocutes formed from a single stem cell 1in a
period of 3-3 days. Usually when this occurs, as with bacterial
infection, a rise 1in the peripheral white blood cell count 1s seen
along with the oresence cf less mature granulocytes called juveniie

or band forms. Such a change in the white blood cell count 1s of:e-x




used d.agnostically by physicians. In the some gf‘the EGBE toxicity
studies discussed below, inconsistent elevaticn of WBC counts in test
anima.s (but not in human subjects) appeared to be due to
exper_mental 'stress, tissue injury or concurrent bacterial infection.

“le production and control of the immunocy:es--lymphocytes and
plasm: cells is not confined to the marrow but exists in lymph nodes,
spleer., and in multiple orgar. sites, often close to where the
cellular immune response or antibody effect is required. The marrow
howeve:. . is a rajor site of lymphocyte and pPlasma cell formation.
There, tnese cells respond to a variety of antigenic stimuli, by
prolif. :-.tion, antibody production and the release of signals which
influe: = the function of immunocytes both locally and elsewhere in
the bo. - These cells also derive from the basic stem cell and
differe-.tiate into a series of specific forms with specialized
functior.s such as "helper, supressor and killer-" T-cells and
antibody producing B-lymphocytes and plasma cells. Immunocytes and
their proZuction pathway are gquite susceptible to toxic
“immunos.irression” by a variety of chemical and physical agents,
among wh.ch the agents used to treat cancer such as drugs which
inhibit INA synthesis or ionizing radiation. No evidence exists for
any such effect of EGBE on the immune system.

1.1.3 Thro—~bopoiesis. Platelet production is carried out by the

megakarycci'tes of the bone Marrow. As with the other marrow
elements, these cells derive from the stem cell and undergo nuclear
division vithout cell division, resulting in very large cells with
multiple r i:lei and vast cytoplasm. These cells are virtual placteilecz

factories v.ich form platelet elements in




their interiors and bud formed platelets from their surfaces of en
releasing the platelets directly into the circulating blood. vNc
qualitative or quantitaﬁive alterations of platelets or their
production was observed in any EGBE toxicity studies reported.

1.2 Peripheral blood cells as targets for chemotoxicity.

Because of their specific structural constituents and metabolic
requirements the RBCs, granulocytes (WBCs) and platelets
(thrombocytes or TBCs) present unigue targets for the chemotoxic
effects of offending agents. As suggested earlier, the ease of
access to blood as a biologic specimen and the relative simplicity
of measuring hematotoxic effects, tends to make blood a focus for
toxicologic monitoring. At the same time, alterations in numbers
and functional state of peripheral blood elements, can be a
toxicologic "tip of the iceberg" and herald damage to other or ;:-s
or structures more difficult to assess. On the contrary, the

unique characteristics of e.qg., the RBC or even the RBC of a

single species, may render such cells selectively susceptible to the
chemo-toxicity of a given compound. RBCs, the only peripheral plocd
element shown to be consistently affected in any speciles by EGBE wi .
be discussed in detail below. Toxic alterations of leukocytes and
Platelets (not found with EGBE) are described in Appendaix III.

1.2.1 Mechanisms of red blood cell chemotoxicity. The reticilocyte

emerges from the marrow within 48 hours of its production anc spends
the first 24 hours of its circulatory lifespan undergoing reriodelling
during repetetive passage through the spleen and microcirculation.

In this process this new RBC loses excess



membrane and unneeded organelles and assumes the biconcave disc shape
of the mature erythrocyte, approximately 8 by 2.5 cubic microns in
size. As such, the mature RBC survives for 100-120 days in the
circulation during which it travels an average of 175 miles. To
accomplish this it must maintain its deformability which is linked
to the biochemical intergrity of the cell membrane, its cation and
water content, metabolic pathways and hemoglobin.

Because of the 100 day lifespan of the RBC, about 1% of the RBC
mass is normally lost and replaced each day. Thus, about 1% of RBCs
can be identified as reticulocytes; when the rate of RBC destruccicrn
or loss is increased, the erythropoietic rate accelerates and the
reticulocyte percentage increases in proportion to the degree of
shortening cf RBC survival. The peripheral blood reticulocyte count,
therefore, is a direct reflection of the erythropoietic response.

Any chemical agent which affects the structural or biochemical
integrity of the RBC will decrease its deformability and thus shorten
its survival, provoking a compensatory erythropoietic response.

1.2.1.1 The RBC membrane. The RBC is enveloped by a membrane

consisting of a protein matrix and cytoskeleton interwoven with

a lipid bilayer. The latter is composed of phospholipids oriented
with hydrophilic portions toward the cell exterior and cytoplasm
and hydrophobic ends within the membrane interior; cholesterol
saturates 40% of its binding sites among the phospholipid moieties.
Proteins are located on both the exterior and interior membrane
surfaces: some traverse the entire thickness of the bilayer.
Exterior protein projections bear negative charges and the
oligocsaccharide antigens of the ABO and related blood groups.
Proteins on the membrane interior are organized into a cyto-

skeleton network comprised primarily of alpha and beta spectrin,




f-actin, ankyrin, protein 4.1 attached to the interior projection of
Band-3, a major transmembrane protein which also serves as the
sodium-potassium transpért pore. The specific interprotein linkages
within the cytoskeleton are chemically vulnerable and essential to
normal RBC shape and deformability. Lipophilic chemical agents

may enter the lipid bilayer and alter its balance of forces and
fluidity. Detergents attack the bilayer, causing outward bending,
and echinocytic (spiculated) shape change. Amphophilic compounds
such as phenothiazines enter the inner membrane leaflet, causing
inward membrane folding or stomatocytic (bowl) shape alteration.
Lipases directly cleave phospholipid moieties and produce rapid

RBC lysis.

Chemical damage to the cytoskeleton may be induced by oxidant
or crosslinking agents. Such agents tend to "freeze'" the membrane
and render it undeformable. Oxidant agents are those which generate
hydrogen peroxide, hydroxyl radical and superoxide. Protein
crosslinkage is induced by sulfhydryl agents, and compounds
initiating abnormal hydrogen and covalent bonds. RBC energy
depletion resulting in lack of high energy ATP permits rigidi-
fication of the cytoskeleton due to excess binding of calcium.

1.2.1.2 RBC metabolic pathways. The metabolism of the RBC may

be simplified by focusing upon its products: ATP, necessary to
fuel the cation transport mechanisms of the cell and to phosphor-
rylate essential proteins; reduced glutathione (GSH) the major
intracellular reducing agent protective against damage to
nemoglobin and other proteins by oxidant radicals; 2,3-diphos-

phoglycerate (2,3-DPG) which enhances oxygen release from



hemoglobin to the tissues. ATP is the product of the glycolytic
pathway which metabolizes glucose into 3-carbon fragments and
eventually lactate, with a net vield of 4 ATP per glucose. GSH

along with NADPH a-: the pr:scipal products of the hexose-mono-

phosphate shunt, c: -Yzed £ =5pD (glucose-s-phosphate
dehydrogenase' and %ed to - 7lutathione reductase and
peroxidase reaction: 2,3-DPG -. roduced in the Leubering-

Rappaport shunt from the glycolytic pathway, catalyzed by
DPG mutase.

Each of these three major RBC metabolic pPathways can be
chemically antagonized. The best example and most frequently
encountered situation in man is that of oxidant-induced hemolysis
due to a mutant G62D €r2yme resulting in lack of adeguate GSH
TO prever=t hermzglobin cxidation. This example is of particular
interest since the pattern of hemolytic anemia is similar to
that induced by EGBE in sor- rodent species (but not in humans). G&r>
is a polymorphic eénzyme w:- over 100 variants described. The normal

caucasian variant 1s GdB-

i

"2 black variant is GdA+. Ten percen- =¢
black males have the deficient GdA- variant; 0.5 % or less of
caucasians have the GdB- variant. Usually, only males are afiected
because the trait is of sex-linked inheritance. wWhen individuals
with GdA- or GdB- are exposed to oxidant generating drugs (e.g.,
primaguine, sulfonamides) or chemicals (e.gq., naphthlalene, fava
beans) brisk hemolysis marked by hemoglobinmuria, fall in hemato-
crit and rise in reticulocyte count occurs. In GdA- black indivi-
duals, recovery from anemia ensues despite continued exposure to

the offending agent. This 1s because the enzyme 1is unstable and

P I




renders older RBCs susceptible to oxidant hemolysis while younger
RBCs remain resistant. Thus, recovery from anemia occurs despite
persistent exposure to the offending agent due to a high proportion
of resistant-reciculocytes and youhg RBCs with adequate enzyme
levels. A similar pattern of hemolysis occurred in rats exposed to
EGBE, but this effect was specific to the rat and there has been no
direct evidence in the rat to link EGBE associated hemolysis to a
metabolic mechanism. .

1.2.1.3 Hemoglobin. The major susceptibility of the hemoglobin
molecule to chemotoxicity is that of oxidant conversion to
methemoglobin, with iron altered from the ferrous to the
non-functional ferric state. Normally, GSH derived from the BM?
shunt pathway as well as the enzyme, methemoglobin reductasg protects
against this conversion. Of the more than 150 hemoglobin mutarts
described in man, about 25 are éhemically unstable and hyper-
susceptible to oxidation. As is the case with G6PD deficiency,
individuals with these unstable hemoglobins, develop accelerated
hemolysis after oxidant exposure. Denatured hemoglobin within the
affected RBCs forms aggregates which bind to, crosslink and rigidify
the red cell membrane rendering the RBC Susceptible to splenic
destruction or phagocytic removal of the aggregates. Hemoglobin
may be chemically altered by other toxins such as carbon monoxide

"or cyanide which render it nonfunctional.



1.2.1.4 Immune hemolytic anemia deserves special mention here

pecause a number of drugs and toxins induce hemolysis by this
mechanism. Some agents, e.g. penicillin, bind to the RBC membrane,
provoke an antibody response which sensitize RBCs to
reticuloendotheiial destruction. Other agents either chemically
alter (e.g. a_-hamethvldopa) membrane antigens or form immune
complexes in :ne plz.ma which attach to £3Cs as "innocent
bystanders,” markin: them for desiruction. This type of hemolytic

mechanism is detected by an antiglobulin (Coomb's) test for the

presence of antibody or complement on the RBC.
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2.0 Evidence for hematotoxicity of EGBE. In 1943, Werner et al.

first showed that EGBE as well as other monoalkyl ethers of ethylene
glycol produced hemoglobinuria in mice during an acute toxicologic
study. Since that time, from 1943 through 1983, more than two
dozen studies have been‘published in eight papers, to

define the hematotoxicity of EGBE. Experiments have been of

acute and subchronic design anﬁ dealt with various species
including mice, rats, guinea pigs, rabbits, dogs, monkeys and

man. Exposures have been largely inhalational, but have also
included transdermal, oral and parenteral. Dose, duration of
exposures and dose-rates have varied, as have measured hematologic
paramenters and times of measurement. From the compilation,
summary and review of these studies, which appears in Table 1,

the following conclusions emerge which are explained in the
discussion that follows:

1. A substantial species variation exists in susceptibil:ity
toe the hemolytic effects of EGBE, with the rat most
susceptible and man most resistant.

2. in the human inhalational experiment conduczed, no
nemolysis was demonstrated at maximal exposure up to
195ppm for 8 hours.

3. In susceptible species, the hemolytic effect of EGBE
1s dose-dependent with a demonstrable hemolytic
threshold. Lower doses appear to induce mild altera-
tions of RBC osmotic fragility, while maximal doses
produce frank intravascular hemolysis.

4. In no species studied was there any evidence of toxici=ze

to hematopoiesis or circulating leukocytes or platelets.



5. - In susceptible rodent species, females are more prone to
hemolysis than males, particularly when gravid..
6. In studies Qhere the hemolytic sequence has been closely
followed, hemolysis occurs early after initiation of
EGBE exposure, is accompanied by a rise in reticulocyte
count and MCV, and RBC and hemoglobin levels recover
after 1-2 weeks despite continued exposure. This
suggests that older RBCs are selectively hemolyzed
while younger cells are resistant. (See Sec. 1.2.2)

2.1 Hemolysis and RBC alterations in rodents following exposure

to EGBE. Table 1 summarizes the published toxicologic studies done
to date on rodents and other species. Rodent studies include acute
and subacute experiments done on mice, rats, GPs and rabbits, largely
by inhalational exposures but including a few oral, transdermal and
parenter: . zs. In the rat, clearly the most susceptible to

EGBE rele::.: -molysis, all types of exposure produce hemclysis, in-
dicating absorgtion by all routes. ?pe well known hemolytic

vulnerablilty of rat RBCs renders this species a particularly peor

Egmatologic model for man. (See Appendix IV.) In the rabbit,
subéhronic inhalational exposures up to 200ppm produced minimal
effects on RBCs while subc: - =nic dermal applications were hemolytic
at relatively high concentrations, indicating low susceptibility of
rabbit RBCs to EGBE associated hemolysis. 1In a single subchronic
study, GPs showed no hemolysis afte:r six weeks of 5 hour daily
exposure up to 494 ppm...rather striking resistance. 1In contrast,
mice hemolyzed in acute and variable subchronic exposures up to 90

days at inhaled concentrations of EGBE of 112ppm. Thus, the suscep-

tibility ranking among various rodent species is--rats and mice mosc:




susceptible and rabbits and GPs least susceptible. 1In the studies of
Carpenter, Werner, Homan and Tyl (and respective colleagues) both
rats and mice exhibited crude hemolytic dose-response relationships
to EGBE, as did rabbits to dermal and inhalation exposures.

2.2 Hemolysis in dogs and monkeys exposed to EGBE. The two

studies of EGBE toxicity in dogs were those of Werner et al. in
1943 and Carpenter et al. in 1956: Werner exposed two dogs
subchronically to inhalation of EGBE at 415ppm for 7 hours a day, S
days per week for 12 weeks. At this relatively high concentration,
a 10% decrease in hematocrit was noted at week 10 associated with
a slight change in RBC osmotic fragility; no reticulocyte response
was noted. Carpenter_exposed 3 separate pairs of dogs to subchronic
inhalational exposures of 385, 200 and 100 ppm for up to 90 days.
A single female dog died 13 hours into an exposure at 617ppm and
no mention is made of hemolysis in that animal. All the other
dogs showed transient increase in RBC osmotic fragility, but only
the dog exposed at 100ppm for 90 days developed anemia.

Carpenter's subchronic monkey EGBE inhalational experiments
are difficult to interpret because the test animals had severe
tuberculous infections which cause anemia. Monkeys exposed at 100ppm
for 90 days showed increased RBC osmotic fragility but only transient
minor decrease in red blood count. One animal exposed at 210 ppm for
30 days manifested a 30% decrease in hemoglobin by day 30, but
autopsy shortly thereafter showed disseminated tuberculosis, easily

capable of causing this degree of anemia.
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Thus although dogs appear to be susceptible to EGBE associated
hemolysis after subchronic vapor exposure, no dose-response relation-
has been established. The monkey data is uninterpretable.

2.3 Relative resistance of human RBCs tc EGBE associated hemolysis

and alteration. The only published expe-iments of human inhalational

exposure to EGBE are thosc of Car;--ter, in which he

exposed himse I and severa. of hi: -ale --d female colleagues to
concentratic. - of 1ll3ppm for 4 hc..: anc .35ppm for 8 hours.

During those .xposures, ocular, mucous m -brane, gastrointestinal and
neurologic syr-toms became the limiting toxicity; i.e. caused
sufficient adverse effect that longer or greater exposure could no:
-2 tolerated. Hematologic studies showed no evidence of hemolysis or
altered osmotic fragility during either exposure, even for those
subjects experiencing other systemic side effects. Rats confined in
the same chambers with the human subjects did hemolyze. All human
subjects in bctn exposures excreted butoxyacet:- acid in their urines
indicating the: they had absorbed and metaboli:=d EGBE.

2.4 Species variation and threshold differenz-> for EGBE

associate§ hemolysis and red cell alteraticons. From the foregoing

it is evident that marked species 7.fferer-=2s exist in susceptibility
to EGBE rela: - hemolysis. ;}ea:- rat: nd r:ice are particularly
susceptible a man is not. Figurz lA s: . -3 hemolytic thresholds
(i.e. minimur .evels of effect) fc:r the species studied. None has
been established for man, rabbits or GPs for inhalational

exposures, and these three species have shown resistance to

bemolysis at subchronic and acute exposure levels ranging

from about 200 to 500ppm. Dogs show intermediate susceptibility

and no conclusions can be drawn regarding the limited
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nonhuman primate experiments. Clearly, rabbits and GPs represent
far better rodent models than rats for extrapclation to man.

2.5 Putative mechanism for EGBE related hemclysis in susceptibie

species. The observatibn that in the rat, hemolysis appears
selective for older RBCs invokes the "G6PD model" of a red cell age
dependent enzyme or other factor. The limitation of major hemolysis
induced by EGBE to mouse, rat and to lesser extent dog red cells,
would tend to make one seek a factor or biochemical characteristic
which selects them for EGBE induced hemolysis. EGBE from its
chemical structure does not appear likely to generate oxidant
radicals or induce Ancibody formation. Furthermore, the hemolytic
pattern seen in susceptible species is inconsistent with immune
hemolysis. EGBE, a lipophilic substance, might enter the lipid
bilayer of the membrane and alter its fluidity or liberate
lysolethicin, a hemolytic substance. Species differences in membrane
lipid composition might explain differential susceptibility.

2.6 Other hematologic effects of EGBE exposure. These effects

have been limited to acute Stress or phase reactant effects such as
elevation of WBC, particularly juvenile granulocytes, increase in
fibrinogen levels, and elevated sedimentation rate. There is no
evidence of alteration of bone marrow function, i.e. hematopoiesis,
no abnormalities of coagulation-hemostasis or piatelet function and
no evidence for immunosupression. In fact the finding that the
animals are capable of a granulopoietic response after EGBE exposure
is good evidence for integrity of marrow function.

3.0 Relationship of £GBE associated hemolysis with other systemic

toxic effects in susceptible species. Althought published studies

have indicated dose-related EGBE toxicity from death to renal
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failure, at high doses to splenic follicular phagocytosis at lower
doses, no definite relationship to hemolysis has been shown. The
only possible exception.is that of hemoglobinuric nephropathy, which
was seen only in rats hemolyzing at high EGBE dose rates.

4.0 Estimation of hematologically safe EGBE exposure limits for

man. EGBE has never been shown to cause hemolysis or other

I ematotoxicity in man. In fact, man has shown striking resistance
to hemolysis following exposure to EGBE at levels clearly hemolytic
for susceptible species. Even though the hemolytic mechanism of
EGBE is unknown, it appears that human RBCs lack biochemical
vilnerability to EGBE up to the levels tested. We do know that in 4
and 8 hour exposures to 113 and 195ppm EGBE vapors, that
ncn-hematologic toxic effects (e.g., nasal and ocular irricaction,
metallic taste, headache, nausea) limited the duration and level cf
e>posure and no blood disturbances were detected. Thus, our bes<
¢stimates of subchronic effects should come from experiments
sarolving species manifesting a hemolytic-susceptibility level
similar to that of man, i.e. rabbit and GP. 1In those species,
sabchronic inhalational exposures to EGBE from 6 hours daily for 113
day's at 200ppm to 7 hours daily, 5 days/wk. for 6 wks. at up to

4" i opm showed no hemolysis. Other rodents, notably rats and mice
rerresent very poor choices as animal models for hemolytic toxicity,
because of their extreme susceptibility to EGBE-related hemolysis,
nct manifest in man. Thus, from the hematologic standpoint, a safe
sunchronic inhalational exposure level for man appears to exceed 230
PFt. Certainly the current ACGIH level of 25 ppm will provide an

amhle margin of safecty.
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TABLE 1

SUMMARY OF PUBLISHED STUDIES OF EGBE HEMATOXICITY

EXPOSURES
TEST L
AUTHOR (Ref) YEAR AN MAL ROUTE DOSE TIME NO.
{(ppm}
Werner (1) 1943 Mice 1 390-1210 7 hrs x 1
(range) 32 hrs x 1
Werner (2) 1943 Rats | 135 7 hrs x 5d x Swks
320 7 hrs x  5d x Swks
Werner (1) 1943 Dogs I 415 7 hrg x  5d x 12wks
Carpenter (4) 1956 Mice | 112 30,60,904
1 203 30,60,904d
i 400 30,60,904d
Rats Mq. 1 432 2hrs ,Bhrs
Rats (F) I 200 Thrs x 94
Rats 0 0.3-3.8 gm/kg
Rabbits S 0.5-2 ml/kg x 24 hrs
. Rats v
Rats 1 54-432 Thrs x 5d x bwks
G.P.s i 54-494 7hrs x Sd x bwks
Dogs 1 J85-617 134hrs - 28d

TYPE

HEMATOLOGIC EFFECTS

SC
SC

SC

SC
SC

SC

SC

SC
A3sC

hemoglobinuria at > 600 ppm
follicular phagocytosis in spleen

Hgb 4 12.5 - 11; no retic response
Hgb 4 12.5 - 9.5 gms 1st week with
retic response; recovery at wks 4-6
elevated juvenile W8(s both groups

101 ¥ Hct, max at wk 10

no retic response seen

RBC microcytosis, hypochromia
S1 ¢ RBC osm fragility

no 4 WB(

t RBC fragility at 30, 60, and 90 days
t RBC fragility, hemoglobinuria (all)
t RBC fragility, hemoglabinuria

in vivo hemolysis ® 2hrs, severe at Bhr
RBC frag. ¢ during inhalation

at day & - 50% ¢ RBC, 25Y 4 Mgb
hemoglobinuria in male at 3.0 gm/kg
females 8t 1.5 gm/kg

4 RBC frag; 31 ¢ RBC
hemolytic at all conc. > 30

t RBC frag. at all conc; Hgburia
at conc > 200 ppm

no 8 RBC frag or Hgburla

Females died at 617 ppm (13°) and
Bth day @ 385. Males died ® 28 days
males showed 4+ RBC frag at 7 days,
returned to normal by 27 days

t WBC in 385 ppm exp dogs




TABLE 1 (continued)

EXPOSURLS
TEST | : |
AUTHOR (Ref) YEAR ANIMAL ROUTE DOSE (ppm) TIME NO. TYPE HEMATOLOGIC EFFECTS
Carpenter (4) 1956 Dogs ] 200 314 sC - s1 ¢ RBC frag; ¢ WBC: s) 4 Hgb
{cont'd) Dogs 1 100 90d C = WBC ¢ x 2; Hct 43 + 34% @ 90 days
Monkeys l 100 90d sc - 1 RBC osm freg female > male
- + RBC but return to norms) by day 90
Monkey 1 210 30d SC - + RBC frag 4th day; at day 30
Hgb and RBC + by 507
(animals had 18) -
Human 1 113 4 hre A -no A 1in RBC fragility, Hgb
Human ! 195 8 hrs A - no 4 in RBC fragility, Hgb
- limited by non-hematol Sx
- females less tolerant than males
- human subjects excreted butoxy-acetic acid
Homan (%) 1979 Rabbits S 21 - 100% 6 hrs x 94 SC - 1001 EGBE caused hemoglobinuria
) + Hct, ¢+ RBC frag. by day 2
- 5 females with Hgburia at day 9 @ 501
- 4 RBC, Hgb in females at day 9 @ 50°
- no hematol. effects @ 251 or less
Wil Res {6) 1982 Rabbits S 2.8 - 42.87 6 hrs x 5 SC - males 4 RBC @ 147 at 4 wks (7)
Labs (10-100 mg/kg/day) x 13 wks - females 7 4 RBC @ 14% at 4 wks
- RBC osm. frag. nl. at 12 wks
Tyl (7) 1983 Rabbits 1 25 - 200 6 hrs x 13d H 1 - no change in RBC, Hgb, Mct, osm. frag. or Indices
Rats ] 25 - 200 6 hrs x 9 T - 4 RBC at 100 and 200 ppm ,
~ hemoglobinuria
Dodd (8) 1983 Rats 1 200 - 850 4 hrs A - LCgp 450; hemoglobinoria
] 25 - 250 € hrs x 9d SC - 4 RBC, Hgb, ¢+ Retic. at 86 ¢+ 245 ppm
- values returned to nl. by day 14
: 1 10 - 75 6 hrs x 5d SC - 5% ¢ RBC and Hgb, * MCH
x 13 wks only at 77 ppm
Abbreviations: | = inhalation A = acute
S = skin SC = subchronic
0 = oral C = chronic
IV s {ntravenous T = teratology



APPENDIX I

Histophysiology of hematopoiesis. In mammalian species the

marrow spaces of cancellous bone is the principle anatomic site of
blood cell formation. In the human fetus and lower mammals such as
rodents, the liver and spleen are also hematopoietically active.
However, in adult man, blood cell production is confined to the
bone marrow of the axial skeletoni Within this site, marrow
function requires an hematopoietic inductive microenvironment with
its precise biochemical balance of cations, pH, pO2, mucopolysac-
charides and protein transport substances, hormones and growth
factors. This critical microenvironment is particularly suscep-
tible to disruption by offending chemical agents since its
inherent capacity for detoxification is limited. Structurailly,
this marrow ground substance surrounds a reticular fibrous net-
work laid down by large interstitial reticular cells, found
within ma:r=w spaces. Circulating blood perfuses the marrow
through sinuscids lined by endothelium and surrounded by
adventitial cells which control access of newly formed
erythrocytes, leukocytes and platelets to the peripheral blood.
Damage to this "marrow-blood barrier” is evidenced by the aknormal
presence of immature red and white cell precursors in the blood.
Within the marrow spaces, erythropoietic islands are located close
to sinusoids, megakaryocytes--produzing platelets--are tightly
Juxtaposed to sinusoidal margins and granulopcietic elements are
more distant from sinusoids since their progeny, mature granulo-

are capable of active locomotion into the sinus lumen.

e he




APPENDIX II.

Mechanisms and control of hematopoietic cell proliferation.

Hematopoiesis begins with a multipotential stem cell which main-
tains the capacity for continuous self-renewal and differentiates
into "committed" stem cells, specific for each of the three hemato-
poietic cell lines--erythropoiesis, granulopoiesis and thrombo-
poiesis--as well as precursors for immunocytes, the T- and B-
lymphocytes and plasma cells responsible for cellular and humoral
immune function. Each of these cell lines is under a specific
system of humoral feedback reguiation which responds to signals
from the periphery and contfols the rates of production and
release of their end products, the erythrocytes, leukocytes and
Platelets.

A. Erythropoiesis. Committed erythropoietic stem cells

(referred to as BFU-e and CFU-e for burst and colony forming

units) initiate erythropoiesis under stimulus from the hormone,
erythropoietin. The anatomic unit of erythropoiesis is the
erythropecietic island, composed of a central reticular cell
surrounded by a corona of developing erythroblasts which mature fiom
proerythroblast to orthochromatic erythroblast. During the average
maturation time of 72 hours, erythroblasts undergo a series of four
maturational cell divisions which produces amplification such that a
single proerythroblast eventually yields a total of sixteen mature

red blood cells (RBCs.) The critical biochemical events for this



process include DNA synthesis, for nuclear replication, synthesis of
hemoglobin, membrane-proteinsand enzymes, as well as membrane lipid
synthesis. As the orthochromatic erythroblast leaves

the erythroblastic island it actively ejects its nucleus to become
a reticulocyte, a young RBC held in reserve in the marrow for 24-48
hours until its release into the blcood in response to a peripheral
stimulus. The servomechanism which controls both erythopoietic rate
and reticulocyte release is depenaent upon oxygen sensors in the
kidney which secrete erythropecietin in response to a fall in tissue
oxygen tension. Erythropoietin activates the erythropoietic stem
cell, and acc=slerates maturation and amplification of erythroblasts
while simultz-2ously releasing stored reticulocytes into the blocd.
Under condit::ns of erythropoietic stress such as acute blood loss,
hemolysis, or hypoxia, the maturation-amplification process may be
accelerated 2-3 times with a potertial six-fold increase in total
erythropoiesis.

B. Granulopoiesis. The formation of the granulated leukocytes

of the blood occurs in the —arrow by a process of maturazion-amplif:-
cation similar to that of the erythroid series. Because of the much
more rapid turnover of per.:theral blood granulocytes, marrow granulo-
poiesis exceeds erythropoiesis by a ratio of S to 1. The earliest
granulopoietic element is the commited stem cell or CFU-g/m (for
granulocyte-monocyte colony forming unit.) By a series of
maturational divisions and amplification steps, granulopoiesis is
Eapable of rapidly expanding its proliferating pool and accelerating

its production rate greater than 20-fold, in response to increased




peripheral demand as with acute bacterial infection or trauma.

In contrast to erythropoiesis, granulopoiesis is under control of a
positive feedback contrél loop, such that substances released from
active mature granulocytes in blood and tissues accelerate the
granulopoietic rate, Principally by stimulating cell replication

at the myelocyte stage.

C. Thrombopoiesis. Platelets are produced by megakaryocytes,

large multinucleated marrow cells located adjacent to sinusoids.
Stimulated by the hormone, thrombopoietin, megakaryocytes (derived
from CFU-M) manifestvnuclear division without cell division so
that progressively large multiploid cells are produced. These
cells produce platelet constituents within their cytoplasm and

bud thousands of platelets from their periphery for direct release
into the circulating blood. The platelets, essential for control
of hemorrhage and blood vessel repair, release a variety of factors
when actively consumed in these processes. One such factor,
platelet-derived-growth-factor (PDGF) stimulates blood vessel
repair by activating endothelial cell proliferation. Another,
platelet factor-3 activates the coagulation process. When
piatelets are rapidly consumed or destroyed in the periphery,
thrombopoietin, released by endothelial cells, accelerates
thrombopbiesis.

D. Immunocytes. The immunologic effector cells, the thymus-

derived (T-) lymphocytes, bone marrow-derived (B-) lymphocytes and

Plasma cells are also produced from the multipotential hemapoietic



stem cell and partially reside in the marrow. These cells form
part of the larger family of ilmmunocytes which function within the
thymus gland, spleen, lymph nodes and marrow, and circulate through
the blood and lymphatic vessels. T-cells of several types are
responsible for cellular immune function and immunologic “memory";
B-lymphocytes and bone marrow Plasma cells produce antibodies,
which sensitize bacteria and other foreign "invaders" for destruction
by granulocytes and histiocytic cells. :n general, any agent,
chemical or physical, which is toxic to hematopoiesis, is also
immunosupressive. Thus, the immune system is mentioned here, but
will not be given further detailed cons:-eration in this discussion

since there is no evidence that EGBE has any immunosupressive effect.

APPENDIX III. Peripheral blood cells as targets for chemotoxicity.

A. Peripheral blood blood granulocytes (WBCss. Chemotoxic

effects on WBCs are less well understood than on RBCsS. WBCs

must be capable of motility, chemotaxis, phagocytosis, and bacterial
killing and digestion. To carry out these functions, they must
have an intacet actinomyosin fibrillar system, ample supply of

ATP, adequate GSH to neutralize excessive oxidant radicals and
sufficient bacrericidal enzyme activity. Such functions obviously
have many of the same biochemical requirements and therefore
vulnerabilities as RBCs. G6PD deficient WBCs show impaired
Phagocytosis and killing particularly in the face of oxidant
chemicals. Cyanide and fluoride poison the respiratory burst

of bactericidal activicy, preventing killing. Anesthetic agents

and surface active compounds as well as lipophilic agents (e.gqg.




diethylether) impair chemotaxis and phagocytosis. 'Thus, WBCs
are most likely equally'susceptible to chemotoxicity as RBCs,
but the difficulties in detection of even major changes in function
make WBC function an unlikely subject for routine toxicologic study.

B. Lymphocytes. T- and B-lymphocyte functions, cellular and humoral

immunity respectively. may be both stimulated and depressed

by chemical agents. The presence_and function of these lymphocytes
and their various subsets are easily detected and analysed by modern
immunclogic methods employing monoclonal antibodies and flow
cytometry among others. The prolilerative response of both T- and
B-lymphocytes to specific piant lectins and their elaboration of
certain lymphokine substances is standard in most immunology labs.
Thus, even though toxic chemical immunosupression and stimulation
may be easily (though expensively) measured, they are rarely the
subject of environmental toxicologic study.

C. Platelets (TBCs). These small anuclear cells are easy

to quantitate in the peripheral biocod and their aggregation function
and release reaction essential to normal hemostasis and vascular
repair in the host is easily measured in the standard laboratory
aggregometer. Platelets are quite sensitive to chemical injury,
particulary with respect to their critical prostaglandin metabolism.
This requires the integrity of several enzymatic steps for conversion
of arachadonic acid to cyclic prostaglandin intermedictes and
thromboxane-A2 (TXA-2) essential for platelet aggregation. The

cyclo-oxygenase step is most vulnerable to inhibition by a variety



of compourc: .acluding aspirin and related antiinflammatory agents.
Aromatic compounds found in garlic, mushroom and other foods and
toxins inhibit this enzyme as well. The phosphodiesterase step,
which liberates arachidonate from phospholipids is also sensitive to
chemical inibition. Unfortunately, the quantitative evaluation of
pPlatelets employed in most toxicologic studies, provides no

information ccncerning their function.




APPENDIX IV: HEMOLYTIC SUSCEPTIBILITY OF THE RAT RED BLOOD CELL

The circulatory survival of the red blood cell (RBC) in all mammalian
species is dependent upon the metabolic integrity of the cell, the
elasticity of its membrane and the fluidity of its intracellular
hemoglobin. These factors are determinants of the deformability of
the RBC, a property essential to the ability of the cell to circulate
through tight passages of the spleen and microcirculation. The RBC
of the rat has known since the 1930's to differ in these
characteristics from that of_man and other mammalian species. 1In his

classic monograph, Hemolysis and Related Phenomena({l], Eric Ponder

focuses upon the "paracrystalline state of the rat red cell", noting
the "extreme case of anomalous osmotic behavior" that the rat RBC
presents. Drabkin, in 1945, described the rat RBC as containing
"hemoglobin in an unsually metastable state approaching that of
incipient crystallization(2]." 1In an electron microcroscopic study
utilizing the freeze-etching method, Lessin demonstrated the
molecular structure of crystals within the rat red cell, providing
direct evidence of the lack of fluidity of the hemoglobin within the
rat RBC[3]. In a later paper, Lessin showed the similarity between
the rat RBC and that of human homozygous hemoglobin C disease, an
inherited hemolytic anemia of man in which the dense paracrystalline
state of the hemoglobin leads to premature destruction of the
RBC(4]. Taken together, these observations indicate that the rat RBC
contains densely packed paracrystalline hemoglobin which decreases
£he deformability of the RBC and renders it more susceptible to

hemolysis.




Rat hemoglobin (contained in two diss< . m.2jor electrophoretic
bands) is less chemically stable than human hemoglobin A and more
susceptible to oxidant hemolysis. Because the hexosemonophosphate
shunt pathway of the tat.RBC is less active than that of the normal
human RBC, the -at cell can not as effectively generate reduced
glutathione, t protect the hemoglobin and membrane structural
proteins again:: oxidant damage. The concomitant chemical alteraticon
of hemoglobin and the cytoskeletal proteins of the membrane promotes
chemical crosslinkage between altered hemoglobin and membrane
decreases membrane fluidity of the rat RRC.

As pointed out Sy Ponder, the rat red cell manifests "extreme
anomalous osmotic behavior."{l]. This indicates that the rat RBC,
while smaller than that of man has a higher corpuscular hemoglobin
concentration, is more dense, more spherical and has a lower surface
area to volume ratio. By definition, this renders the rat RBC more
susceptible to osmotic lysis than that of man.

Taken together, these observations concerning the rat RBC
provide substantial evidence for its innate hemolytic susceptibility
and its particular vulnerability to chemical insult from compounds
such as EGBE. The rat, therefore, represents an especially poor
toxicologic animal model for the evaluation of the hemolytic
potential of EGBE in man.

References:
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APPENDIX V
LABORATORY DETECTION OF HEMOLYSIS OR ERYTHROCYTE ALTERATION
Because hemolytic anemias comprise 20% of all anemias in man,
clinical diagnostic hematology laboratories have developed testing
procedures to demonstrate both the presence and mechanisms of most
clinical hémolytic states. These studies may be divided as follows:
Screening tests for hemolys;s-
- decreased hematocrit (RBC or Hgb. )
- microscopic exam of RBCs for cell shape abnormalities
- reticulocyte count >2% (corrected)
- elevated serum indirect bilirubin
- elevated urinary urobilinogen
- decreased serum haptoblobin
- presence of urinary hemosiderin
- elevated serum lactic dehydrogenase
Proof of hemolysis-
- presence of free plasma hemoglobin
- shortened RBC circulatory survival (by isotopic, carbon
monoxide generation, or Ashby methods)
Mechanism of hemolysis
- hemoglobin electrobhoresis
-~ hemoglobin gene mapping
= RBC enzyme activity measurements and electrophoretic
identification
- RBC membrane fragility (fragillograph, ektacytometer)
- RBC membrane lipid and proteiﬁ analyses
- Identification of antibodies to RBCs in plasma or on

cells; complement components on RBC surface.



In most clinical cases, selected screening tests are sufficient to
establish presence of hemolysis. such that "proofs’ are unnecessary.
One then usually proceeds to determine the mechanism of hemolytic
anemia, since that will lead to the precise diagnosis and indicate

therapy.
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Abstract

Ethylene glycol monobutyl ether (butyl cellosolve,
2-butoxyethanol, butyl oxitol, EGMBE) is a colorless mobile
liquid with a slightly rancid odor, an initially bitter
taste followed by a burning sensation, and numbness of the
tongue. EGMBE is readily absorbed through the skin.
Industrial uses of EGMBE include:

1. chiefly in the lacquer industry where its advantage
results from its high boiling point and slow hardening
which gives a slight increase of gloss to the film;

2. 1in cleaning materials for metals and dry cleaning soaps;

3. 1in the textile industry for dyeing and printing;

4. in hydraulic fluids.

Werner and his associates (1943) compared tﬁe relative
toxicity of EGMBE and a series of other glycol ethers. The
minimal lethal concentration of EGMBE after a single 7-hour
exposure of mice was 700 ppm. Furthermore, hemoglobinuria
was common at concentrations near the lethal levels,
Dyspnea was the most commdn sign of intoxication. Notable
changes were seen in the lung, kidney, as well as in the
liver.

Carpenter et al. (1956) exposed mice, rats, rabbits,
gquinea pigs, dogs, and monkeys to EGMBE vapors and observe§
the effect of hemolytic anemia and its sequelae. While

rodents did not tolerate repeated exposure at 200 ppm this
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level was only slightly injurious to dogs. These authors
suggested, on the basis of industrial experience and
volunteer short-term exposures, that humans were relatively
less susceptible than experimental animals to EGMBE. 1In
several single, 8-hour exposures of humans at levels of 100
and 200 ppm, no objective effects were seen except for
urinary excretion of butoxyacetic acid.

Nagano et al. (1979) orally dosed male mice once daily
with EGMBE 5 days/week and for S weeks, EGMBE dosing had no
gignificant effect on testicular weight, both absolute and
relative to body weight.

Nelson et al. (1979) exposed pregnant rats on days 7 to
15 of gestation to a series of EGMBE levels. At up to 200 |
ppm, EGMBE was neither teratogenic nor embryotoxic.

The reproductive toxicity of EGMBE was evaluated
accofding to the Fertility Assessment by Continuous Breeding
(FACB) protocol (Appendix I). CD-1 mice, purchased from
Charles River Bfeeding Laboratory, Inc. (Kingston, NY), were
utilized. During quarantine, experimental animals were
checked for endoparasites and antibodies for 11 known mouse
viruses. The first batch of animals was positive for the
sendal virus antibodies., These animals were designated
unacceptablé for the Task 2 study. The vendor replaced the

animals.
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EGMBE was obtained from Chem Central via Midwest
Research Institute (MRI), Kansas City, MO (MRI assigned lot
$C092882). MRI (under the contract to NTP) checked the
purity and stability of the chemical. A copy of the MRI
report is attached (Appendix II). EGMBE was administered in
drinking water agailable ad libitum. The treatment
solutions were formulated by mixing the test article
(weight/volume) directly into different proportions of
distilled water. All dosing solutions were prepared every
two weeks or more often if necessary; Aliquots of
representative dosage formulations were submitted to MRI for
chemical analysis. Reference aliquots were within 97 to 104
percent of the intended EGMBE concentrations (Table 1).
These limits were considered acceptable by the Project
Officer. The detailed reﬁbrts describing analysis of
various reference samples are attached (Appendix III).

In Task 1, the dose-range finding study, EGMBE was
tested at the following concentrations: 0.0 (control),
0.25, 0.5, 1.0, 2.5, and 5.0% (w/v). During the 2 weeks of
Task 1, the untreated maleé, on the average, gained 7% of
their original body weight. The male mice exposed to 5.0%
EGMBE, however, lost 31% of their initial body weight (Table
2 and Table Al of the Supplementary Data). The female CD-1
mice respénded similarly to EGMBE treatment. Two out of the
8 male mice died in the 5.0% dose group. Five out of the 8
female mice died in the 5.0% dose group. No male or female
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mice died in the control or any of the remaining dose groups
(Table 2 and Table Al of the Supplementary Data). A
distinct dose-related decrease in daily water consumption
values was a:s0 observed (Table 2 and Table AZ cf the
Suppler .ntary Data).

Tzsk 2 was the continuous breedi: . phase of the protocol.
This phase employed a vehicle control group (40 males and 40
females) and three dose groups (20 males and 20 females per
group). Since it was required that the highest dose should
not suppress body weight gain more than 10 percent compared
to controls and allow 90 percent or greater survival in male
and female CD-1 mice, 2.0% EGMBE was chosen for the high
dose. The mid-dose was 1.0% and the low dose, which was
expected to be a no effect dose level, was 0.5%, The route
of administration was once again drinking water. Eleven-
week 0ld male and female CD-1 mice were exposed to the
chemical during a 7-day premating period, after which they
were randomly paired (one male: one female) within each dose
group and cohabited for 14 weeks., Ne o.rn litters were
evaluated and immediately sacrificed.

EGMBE was significantly toxic to ‘emale CD-1 mice;
during Task 2 cohabitation 13 out of the 20 females died
in the 2.0% dose group as compared to a each in the control
and 0.5% groups and 6 in the 1.0% group (Table 3). Male mice
in the control and 0.5% EGMBE groups gained an average of 5

and 3% of their originzl body weights, respectively, after 14
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weeks of treatment (Table A3 of the Supplementary Data). On
the contrary, male mice in the 1.0 and 2.0% dose groups lost
approximately 1 and 2% of their initial body weights,
respectively. Group mean body weights for the females
varied with the gestation phase except for animals in the
2.9% dose group; the average body weight values were
consistently lower than the corresponding control values.

Daily consumption of dosed water by animals in
the three treatment groups was consistently lower than
the control value and the response was dose-related (Table
A4 of the Supplementary Data). This response may be related
to the bitter taste of EGMBE and its ability to cause a
burning sensation., The average water consumption and mean
body weight data indicated that the male mice in the 0.5,
1.0, and 2.0% dose groups received approximately 0.724,
1.345, and 2.044 g/kg bw of EGMBE,“respectively.

All breeding pairs in the 0.5% dose group were fertile
" (delivered at leéét one litter). 1In the control and 1.0%
dose group, all except 1 pair each were fertile (Table 3).
In the high dose group (2.0% EGMBE) S out of the 7 breeding
pairs were fertile., It must be emphasized that data from
pairs in which one or both partners died during the
cohabitation phase were excluded for intergroup comparisons

and statistical analysis,

-22-
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There was a significant decrease (p<0.05) in the mean
number of littefs per fertile pair at the 1.0 and 2.0%
EGMBE levels (Table 4). Other reproductive parameters
significantly affected at these dose levels were: the
number of live pups (male, female, as well as combined) per
litter (p<0.01); the proportion of pups born alive (p<0.01);
and the live pup weights (both absolute and adjusted;
P<0.05). The live pup weight values were also significantly
affected (p<0.0l1) in the 0.5% dose group.

The continuous breeding portion of the protocol, Task
2, indicated that EGMBE treatment significantly affected
fertility both at the 1.0 and 2.0% dose levels. The
observed response, however, can be attributed to severe
toxicity at these dose levels. Since Task 2 does not
discriminate which sex (or sexes) is susceptible to the
chemical exposure it was interfaced with a crossover mating
study, Task 3. 1In this particular.study, although not
required by the protocol, reproductive performance of the
last and generally the fifth litter (second generation) from
the control and 0.5% dosé groups was evaluated (Task 4). It
must be added that it was not feasible to conduct Task 4
using second generation mice from the 1.0% dose group
because only 5 breeding pairs delivered live pups during.the
holding period.
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During Task 3, animals from the 1.0% dose group were
tested in a crossover mating trial to determine whether the
males or females or both sexes had compromised reproductive
performance when matched with control animals. The females
which were treated with 1.0% EGMBE and cohabited with
control males had 46% fertile matings as compared to a
control value of 79% (Table 5). The corresponding value for
1.0% male X control female group was 75% (Table 5), There
was alsoc a decrease with respect to the number of 1live pups
per litter and the proportion of pups born alive but the
difference was not statistically significant (p>0.05). The
average live pup weight (absolute and adjusted) in the
control male X 1.0% female group was significantly affected
(p<0.05; Table 6). These parameters were not affected for
Pups delivered by control females mated with EGMBE treated
males (Table 6).

At the end of Task 3, both male and female mice were
necropsied, Detailed sperm morphology and vaginal cytology
evaluations were also performed (Appendix ).

At necropsy, group mean body weight of treated female
mice was significantly lower (p<0.01) than the control
group, but the average kidneys weight was higher (p<0.01).
There was no difference (p>0.05) with respect to the average
liver weight (Table 7). The organ weights were adjusted for
body weight at hecropsy. The mean adjusted kidney and liver
weights in treated animals were significantly higher (p<0.01)
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than the corresponding control values (Table Al0 of the
Supplementary Data). The body and organ weights for
individual female mice are presented in Table All of the
Supplementary Data.

For male mice, no significant differences (p>0.05) were
ncted with respect to the average liver, right cauda, right
e didymis, prostate, kidneys, and seminal vesicle(s)
weights at necropsy (Table 8) between the control and
treated mice. The thle body and liver weights were
significantly affected (p<0.05). Male organ weights were
also adjusted for body weight at necropsy (Table Al2 of the
Supplementary Data); the average kidney weights were
significantly higher for treated mice (p<0,05) than the
control value.

The cauda epididymal sperm counts were essentially
identical for control and treated male mice (Table 9 and
Appendix IV). The sperm motility values for the control and
treated male mice were 93 and 94%, respectively (Table 9).
The incidence of abnorm;l sperm was also not affected
(p>0.05) by 1.0% EGMBE treatment (3.5% vs. 4.1%, Table 9).
EGMBE treatment did not appear to interfere with the
relatiQe frequency of various estrous stages or the average
estrous cycle length (Table 10).

The results of the crossover mating trial (Task 3)
indicate that the reproductive capacity of female mice is

relatively more susceptible to the effects of EGMBE than the
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males under the same exposure conditions. Interestingly,
the average kidney weights in both male and female CD-1 mice
drinking water containing EGMBE was significantly higher
(p<0.05) than the control group. These observations
prompted a detailed histopathologic evaluation of kidneys
from control and treated female CD-1 mice. No treatment
related lesions were identified in the kidneys of the female
CD-1 mice exposed to EGMBE. The results from the pathology
studies are described in detail in Appendix V.

As previously described, Task 4 is designed to evaluate
the reproductive performance in the offspring from the final
Task 2 litters of the control and high dose groups. In this
particular study, pups delivered by the control and low dose
(0.5% EGMBE) groups were utilized. Pups were weaned 3 Qeeks
after delivery. Pups continued to receive the chemical
treatment initially through lactation until weaning and
later through drinking water. Animals were mated at 74 + 10
days of age. Twenty second generation male mice were
randomly mated with 20 second generation femalé mice both in
the control and 0.5% EGMBE groups, Mating was continued
until a copulatory plug was found or for 7 days, whichever
was less,

Second generation animals were weighed at weaning, thé
first day of cohabitation, and once a wee; thereafter, Daily
water consumption was also monitored once a week beginning
with the week of cohabitation. These data are illustrated

in Tables Al4 and AlS5 of the Supplementary Data.
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The mating index (percent of plug positive/no.
cohabited) for both the control and treated second
generation animals was 85% (Table 11). The fertility index
(percent of no. fertile/no. cohabited) for the control and
treatec pairs was 80 and 75%, respectively (Table 11). WMo
signif. . ant differences (p>0.05) were noted with respect to
the other reproductive parameters such as litter size,
proportion of pups born alive, and sex ratio. The
reproductive performance of second generation individual
breeding pairs is presented in Table Al6 of the

Supplementary Data.

At the end of Task 4, all second generation animals were

necropsied, The reproductive tract and gonadal tissues were
weighed. Second generation female mice body and organ
weights are summarized in Table 13. Group mean kidneys
weight at necropsy for animals exposed to 0.5% EGMBE was
significantly higher (p<0.05). No apparent differences
existed with respect to the average body and liver welights.
Organ weights were adjusted for body weight at necropsy.
The group mean weights for kidneys and liver were
significantly different (p<0.05) from the control value
(Table Al7 of the Supplementary Data). The individual body
and organ weights for second generation female mice are
presented in Table Al8 of thé'Supplementary Data.

' The average body weight at necropsy for treated second

generation male mice was 36.9 g. The corresponding value
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control male mice was 37.0 g. The group mean organ

weights for thelliver, right testis, right cauda, right
epididymis, prostate, seminal vesicles, and kidneys were
also not significantly (p>0.05) different than the control
group (Table 14). Organ weights were adjusted for body
welght at necropsy (Table Al19 of the Supplementary Data).
Adjusted organ weights for the control and the treated group
were essentially similar (p>0.05), except for the liver
(p<0.01).

Sperm morphology-and vaginal cytology studies were also
conducted when second generation animals were necropsied
(Appendix IV), Briefly, EGMBE treatment at the 0.5% dose
level had no significant effect on the incidence of abnormal
Sperm, average sperm motility, and sperm density (Table 15).
Vaginal smears were prepared for 7 days prior to necropsy
from all second generation female mice. The average estrous
Cycle length in the control and treated animals was 4.4 and
5.1 days, respectively (Table 16). No significant
differences were noted with‘reséect to the relative
frequency of different estrous stages (Table 16).

In essence, EGMBE administered in drinking water caused
significant mortality especiaily at the 1.0 and 2.0% dose
levels. EGMBE treatment was relatively more toxic to
females; the female partner from 6 and’'13 breeding pairs in

the 1.0 and 2.0% dose groups, respectively, died during Task
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2 cohabitation. Fertility and reproductive performance was
significantly affected by EGMBE treatment only at the toxic
dose levels (1.0 and 2.0%). Reproductive parameters
affec-2d during Task 2 were: (1) the number of litters per
pair {2) the number of live pups per litter; (3) the

prop’ tion of pups born alive; and (4) both absolute and
adjus:zed live pup weights. From the Task 3 results it was
apparent that fertility in female CD-1 mice is relatively
more sensitive to EGMBE treatment than the male mice. EGMBE
treatment at the 0.5% dose level did not significantly
affect the fertility and reproductive performance of either

first or second generation CD-1 mice,.
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Figure 1: FERTILITY ASSESSMENT BY CONTINUOUS BREEDING
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Table 2. BSummary of Body Welght and Daily Water Consumpt lon Data (Task 1) Ethylene Glycol Monobutyl Ether

e e o e e o 4 o e 7 T2 0 20 W 0 e iy O = s 4 e e o T P - - = - ——— = - — o= - — o T T T P e " == = = e - - - - = - — — — ——e-—-—-

Numbey of Body wetyht {g) Daily Water Consumption (g)
Animals Percent Group Mean t SE Percent Change Group Mean t SE Daily
Treatment ~---gTmm------3  Mortality i b L LD in Body wWelght Somro-e---------------——- Dose |,
Group d=0 d=14 d(0-14) da=0 d=14 da{0-14¢) d= 0 to 7 de 7 to 14 (9/kg bw)

|I|'lllllll'llllllll!I"0l||'l|l‘|||||lllll|||lll|lllll|I|IlllllIllilllllllllll||l||l|l(llll llllllll e e e e - — e . -———

no=n~o~ x - . 0 35.2 10,92 3J7.5t 0.08 +7 O 0t 5.
(0.0 wmg/mL}) r 8 ] 0 26.0 1 0.45 29.01 0.40 +12 6,851 0,12 7

0.35% M "8 8 0 6.4 10.77 39.61 0.07 +9 6.5
(2.5 Bg/mL) P 8 [ 0 27.510.29 30.4 2 0.57 +11 5.5

0.5% L 8 8 0 35.7 10,67 37.81 0.8} 1t 5.2810.21 5.610.29 0.7)
(5.0 mg/mL) P 8 8 0 25.9 10.56 28.110.%) +8 3,961 0.29 4.00: 0,26 0.75

, e e+ e e e o e e e e e e e
1.0% 7] 8 [ 0 . 35.7 10,49 37.31 0,70 +5 4.0610.23 4
(10.0 mg/mL) ¥ [] [ 0 25.6 10,31 26.71 0.59 +4 3.1510.12 2,

I||I'l|lll|llllllllll||l|llll|'lll1lllllllllllllll!llll'llIIII|I|||l(|Illlllll|||l|||l|l|||ll|lll|l|llllll|ll\ll

2.5% L} 8 8 0 36.0 t0,.45 12.811.v. ] 2.2710.09
i--.9 mg/mL) F 8 8 0 25.7 t10.42 23.4 2 1.5¢ 1.7410.1)

5.0% L 8 [ 25 35.4 10,45 * 24.311.42 -31 +1,97 12
(50.0 mg/mL} P ] 3 63 26,5 10,51 18.1 11.42 -32 1.79: 0,13

a; D = 0 represente the flrst day of treatment, and d = )4 represents the last day of treatment.
b: Daily dose is based on average body wefght on day 7.
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Table 4. Reproducli.. rocformance of Fertile Paire During Continuous Breeding (Task 2) Ethylene Glycol Monobutyl Ether

l||l'|lll|l'lll'l'1|'|lllll|llllllll'lllll|llll|llI!Ill'lll'lIIIIIIIGIDIs'lll'!lll - - - -

" Treament Group

lll'l""lllllIllll'llllllIlllllllll'|l|ll|I|I||||llll|llllllllllllll!l"lllllllll!llll"'ll‘ll!lllllllll

-ovuoaznnpcw :
Parameter Cantrol 0.5% 1.0% 2.08

LITTERS PER PAIR 4.68 10.126(30)° 4.95 10,053(19) 3.69 10.414(1))€ 2.20 10.374(05)¢
LIVE PUPS PER LITTER ) . :

Male 5.56 10.249(38) 4.8) 10,280(19)" 2.5 .e..aa..u_u 2.0 .o.noa.em.u

Female $.74 10.254(38) $.1410,302(19) 2.71 10.475(13)5 1.27 10.430(05)]

Combined 11.30 21 0.430(38) 9.96 10.473(19) 5.47 10.863())) 3.30 11.025(05)
PROFPORTION OF PUPS BORN ALIVE ‘0.97 $10.016(238) 0.96 10.023(19) 0.61 10.0808(13)¢ 0.54 10,135(05)9
SEX OF PUPS BORN ALIVE

{MALES/TOTAL) : 0.49 10,013(38) 0.490 10.018(19) 0.50 10.043(13) 0.63 10.033(04)9
LIVE PUP WEIGHT (g) . .

Nale 1.64 10.013(38) 1.58 10,020(19)¢ 1.53 10,032(11)9 1.4510.056({04)€

Pemale 1.50 10.012(38) : 1.53 10.019(19)¢ - 1.45 £0.029(13)C 1.47 10.084(04)

Combined 1.61 10.013(38) 1.56 10.019(19)° 1.49 10.030(13)° 1.4510.065(04)¢
ADJUSTED LIVE PUP WEIGHT .u.v 4

Male 1.65 10.015(38) 1.58 10.020(19)9 1.5 .e.euma~u.m 1.3910.049(04)7

Female 1.60 10.014(38) 1.53 10.018(19)9 1.4210.023(13)¢ 1.38 1 0.045004))

Combined 1.6 10.014(38) 1.56 10,019(19)9 1.46 10.024(13) 1.3810.045(04)

llllil"l!llllllllIlllllll!l‘lll'!llllllll.tlu|!0llllllll!l|l|l!\lt(IIGIlIIIIIII|||l|l|llllllllllllllllll||lll|||'lllllllll|l'lllllllll.

8¢ Mean i SE.

bt dNumber of fertile pairs providing the data Indicated in parenthesls.

€+ Significantly different (p:0.05) from the control and 0.5% grougs,

d: Bignificantly different (p<0.01) from the contro)l and 0.5% groups.

e Slgnificantly different (p<0.05) from the control group.

f1 No live pups In one litter.

g1 Significantly different (p<0.0}) from the contyol group,

hi Means adjusted for total number of live and dead pups per litter by analysis of covariance,
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Tadle 6,

Reproductive Performance of Fertile Palcrs Afte

(Task 1) Ethylene Glycol Monobutyl Ether

£ a Mating Trial to Determine the Affected Sex

Reproductive

Parameter ?
——— e —

Control Male X
Control female

LIve pPuPs peR LITTER
Male
Female
Coabined
PROPORTION OF PUPS BORN ALIVR

SZX OF PUPS BORN ALTVE
{RALZS/TOTAL)

LIVE pop WEIGHT (q)
Male

Female
Combined

AQUSTED LIve PuP wEcHT (q) M
Male
Female
Coabined

Treatment Group

- - -

W .- - - -

Control Male X

1.0% Female

4€.27t0.7133019)P
4.53t0.755(15)
0.80£1.208(15)

0.81:0.099(1s)
0.46 2 0.058(13)F

1.69:0.027712)¢
1.6620,031(13)
1.68:0.030(13)

1.7220.038(12)
1.69t0,030(13)
1.71: 0,030(13)

2.
3.

83 £ 0.946(06)
00 t1.414(06)

4T Mean tsp,

€t Tvo litters in this group contal

ned no live pups.

d: One litrer {p this group contained neo live pups.

¢: One litter {n thig group contained no live ma.e pups.
L ] Slgntticnntly diffecent (p<0.05)
91 51qn1f1cant1y different (p<0,08)
Rt Least squaces estimate of mean tSEZ, adjusted

from the control aale X control female an
from the contzol male X control female group.
for litter eize (number of fertile Paics vith live pups).

~36-

$.8322.040(06)

0.6710,211(06)
0.5320.105(04)°

1.49 2 0.050¢04) ¢
1.6220.064(04)
1.54£0.036(04)9

s1(04)¢
S4(04)
s4(04)f

o o gt
¢ .
[ XV 'S
Omw
" e e
ooco
P
ococo

- > 2 - - —— -

1.0¢ Male x
Control Female

1.9 r0.67201%)
4.53 1 0.723(15}
B.47 £1.226(15)

0.88 :0.080(1S)

0.44 £ 0.044(14)4

1.75:0.059(11)®
1.6720.045(14)
1.71 £ 0.049(14}

e ecccccccmenoee

groups.



Table 8. Male Body and Organ Weights at Necropsy (Task 3)
Ethylene Glycol Monobutyl Ether

--------—-—---—-—-——----—---—-----—-—--—-----—--—---———---------------—---

Variable 2 Control 0.5%
Body (g) 41.17 £ 0.9004(39)° 38.13 £ 0.7110(20)°
Liver (q) 2.049 £ 0,0512(39) 1.986 ¢ 0.0591 (20)
R. Testis (q) 0.143 £ 0.0036(39) 0.132+0.0032(20)°
R. Cauda (g) 0.021 +0.0005(39) 0.020 ¢ 0.0009(20)
R. Epididymis (q) 0.061 +0.0016(39) 0.059 £ 0.0018(20)
Prostate Gland (g) 0.043 £ 0,0018(39) 0.042 £ 0.0025(20)
Seminal Vesicles (q) 0.717 £ 0,0246 (39) 0.651 +0.0214(20)
Kidneys (q)¢ 0.744 £ 0.0164(39) 0.806 + 0.0332(20)

a: Mean $SE. ;

b: Number of animals providing the data indicated in parenthesis,
€: Significantly different (p<0.05) from the control group.,

d: The kidneys were weighed with the adrenal glands attached,
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Table 11. Rer ctive Performance of Second Generation Breeding Pairs
(T2 ! Ethylene Glycol Moncbutyl Ether
No. with Copulatory Plugs/ Mating No, Pertile/ Pertilicy
Treatnent Group No. Cohabited Index (v)? No. Cohabited Index (v)°

--------------—---—-------—--——-—--—-----------_—-—-—--_

Control Male X

Control Female 17/20° 8s 16/20 80
0.5¢ Male x 4
0.5% Female 17/20 85 15/20 75

—-~--—-—-—-—----‘---_----------_--------c-----—-————-—-------------------------—~------—_—---—---———----_—-.

No. Cohlbited

No, Fertile
b: Fertility Index (%) r ~meee-laoo il ... --=== X 100

No. Cohabited

€: Although not detected >y direct means, 3 femalcl we
based on delivery of l:tters.

4: Although not detected by direct means, 1| female vag scored plug-positive
based on tae delivery of a litter.

fe scored plug-positive

-y ey e e oy o S @ eoox oems o
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Table 13. Second Generation Female Body and Organ Weights at Necropsy
(Task 4) Ethylene Glycol Monobutyl Ether

Variable a Control 0.5%
Body (g) 31.77 £ 0.6957(20)° 31.84 £0.4359(20)
Liver (q) 1.847 £ 0.0441 (20) 1.973 £0.0541 (20)

Kidneys (g)c _ 0.447 £0.0127(20) 0.545 :0.0138(20)d

a: Mean *SE,

b: Number of animals providing the data indicated in parenthesis.
C€: [Kidneys were weighed with the adrenal glands attached.
d: Significantly different (p<0.01) from the control group.
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