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ethod for Repeated Evaluation of Benzene Uptake in Rats and
Mice During a Six Hour Inhalation Period

RK EUTERMOSER,* GEORGE M. RUSCH.® ROBERT A. KUNA,® JOSEPH O'GRODNICK® and WILLIAM E. RINEHART®

nemics, Inc., Mettkrs Road, East Millstone, NJ 08873; BAllied Chemical Corporation, Morristown, NJ 07960; CExxon Corporation,
Research and Environmental Health Division, East Millstone, NJ 08873; "American Hoechst Corporation, Somerville, NJ 08876

Bésvene wptake measurements and respiratory minute volume (RMV Jwere assessed inratsand mice duringa 6-hour inhalation exposure t0 i

09 ppm (v/v) of benzene vapor. The values for benzene uptake and RMV were used to compare predictions of inhaled dose in both species.
The theoretical prediction assumed sn unchanging RMV , The next prediction allowed adjustments for changesin RMV during exposure.
The final prediction addressed benzene uptake directly. The uptake characteristies oF benzene in both species were different from the
thesretical prediction, from the prediction adjusted for changing R MV and fromeach other. The greatest difference was seen in rats where the
observed benzene dose was only 28% of the theoretical value. The experiment was not designed to elucidate the causes for the difference
between the predictions, nor was the data sufficient to suggest whether the rat or the mouse was a suitable model of benzene uptake in

humans.

Introduction
Animal studies often are used to establish various relation-

s between chemical exposure and animal response. In
stwdies which use inhalation exposures, a "*concentration-

ho!lﬁnp, is most often established."™ This is because the W
concentration of the chemical is measurable more
Mdﬂy in the exposure chamber (and the workplace) than is
the actual amount of the chemical entering the exposed
The principle that an exposure effect (E) is proportional to
the exposure concentration (C) multiplied by the exposure
duration (T),

E« CT,

is frequently used to evaluate animal response to inhaled
chemicals. One need only incorporate a chemical uptake
parameter, such as respiratory minute volume (RMV), into
the CT relationship to determine an expected maximum
inhaled dose for a given exposure period.""

One difficulty with application of the CT relationship is
that many chemicals have been shown to alter respiratory
performance during inhalation exposure.”™ If airborne
chemicals alter RMV, they also would affect the rate of
uptake of tbt chemical during exposure. Further, if the
uptake of an airborne chemical also can be affected by
Processes other than respiratory performance (e.g., altera-
lions iy blood/gas transfer, eic.), the actual inhaled dose
frem ggiven period could be overestimated considerably by
A straightforward CT relationship.

Lodglnd Hatch® and Rinehart and Hatch™™ have dem-
onstrated 3 method of measuring RMV using diethyl ether.
Utilizing this method, net uptake measurements of diethyl
“hﬂ’ffor RMV)and benzene (for the test chemical) were
??'w and compared to assess: (1) whether or not net
Rzeme (r ether uptake changed during a 6-hr inhalation

Copyright 1986 American ind

. a similar manner.
relationship, rather than a "*dose- response"reLa !

exposure; and (2) if such changes were observed, whether or
not the rates of benzene and ether uptake were influenced in

Experimental —
Chemicals tor Testing

Commercial grade benzene, supplied by the Chemical
Manufacturers Association, and diethyl ether (Mallinkrodt)
were used for the study.

Inhalation Exposure to Benzene

Benzene was flash evaporated at 35°C in a three-neck,
round-bottom flask. Glass tubing was used to deliver the
benzene into the flash evaporator and to conduct the ben-
zene vapor-laden air into the exposure chamber. Vapor-
laden air was drawn into a one-cubic meter, stainless steel
and glassexposure chamber, where it was diluted with room
air to reach the desired exposure concentration (300 ppm).

The exposure chambers were operated dynamically at an
airflow rate of 205 L/min. A vented glove box provided
access to the chamber.

The chamber atmosphere was monitored continuously
during the exposure with a MIRAN® | A Ambient Air Ana-
lyzer. Infrared absorbance readings were recorded and com-
pared to a calibration curve to determine the exposure
concentration

Exposure and Testing Regimen

Inhalation exposure to benzene vapor was continuous for
hr. Measurements of net benzene uptake and RMV weré
performed prior to benzene exposure after thr, 3hrand 6
of benzene exposure. The time that the animals spant
uptake measurements (approximately 20 min per medsur
ment) was not included in the total exposure time.
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o TABLE |
mation of inhaled Benzene Dose in Rats and Mice

" Uptake Rates of Senzene snd Ether-Mean Values

Benzene Ether (RMV)
) U-Benzene Pre-exposed U-Ether Pre-exposed
(hour) {mL/min) (percent) (mbL/min) (percent)
152 100 145 100
1 50* 33 1234 85
3 310 22 113* 78
6 14% 9 96" 66
Mice
0 188 100 189 100
1 1184 65 180 96
3 138" 76 156* 84
6 146" 81 130* 69

‘Statisticaily significantly lower than pre-exposed value (p<0.01).

"Statistically significantly higher than corresponding ether value
{(p<<0.01).

Animals for Testing

The test animals consisted of five male, Sprague-Dawley rats
(Charles River Breeding Laboratories, Wilmington, Mass.
— 214g to 218g), and 25 male, SCH:ARS (ICRF) Swiss
Albino mice (ARS Sprague-Dawley, Madison, Wis. — 25g
to 30g).

Husbandry

The test t animals were housed (rats, individually; mice,

grouped) in elevated stainless steel, wire mesh cages. Except
during the benzene exposure periods the animals were given
pelleted feed (Purina Laboratory Chow 5001) and tap water
ad libitum. Rats and mice at seven weeks of age were
exposed to benzene on separate days.

TABLE iI
Estimation of Inhaled Benzene Dose in Rats and Mice
Cumulative inhaled Benzene Dose — Mean Values

Net Uptake Measuremenis
Single rats, or groups of five mice, were individ t
removed from the benzene exposure chamber for net ug
measurements. The animals were placed ina closed-cir} 1
recirculating air system of approximately 810 mL §
volume. The system then was charged with a predete m)
amount of benzene or diethyl ether (for RMV) to appg
mate an initial 300 ppm concentration. Air sampies §
taken every 30 sec during a 3-min period to measurg
concentration of benzene or ether remaining in the ci¢
loop system. A decrease in benzene or ether concentry
was presumed to be due to net uptake by the rat or groj
mice. Benzene measurements preceded ether measuresy
to limit benzene losses by minimizing the time bet
chamber exposure and the benzene uptake measureny

Each rat or group of mice served as its own contg
order to monitor animal performance throughout the
benzene period. When the measurements were comp§
each rat or group of mice was returned to the b :
chamber. Measurements were made to determine b
and ether losses on the walls of the empty, closed
system as well as the extent of benzene losses on the fur @
animals. Ether concentrations in the closed loop were]
sured using an infrared detector (Mine Safety Applia
LIRA 303). Samples for benzene determination were §
with a |-mL gas sampling loop (Valco Instruments
analyzed by gas chromatograph (Tracor, Model 550, ug
Carbopack C column with 0.2% Carbowax as the §
phase), with the use of a flame ionization detector. ""

g'\en all animals had been tested for all three expg
inte¥vals (0to 1 hr; | hrto 3 hr; and 3 hr to 6 hr), the “Inj
Dgse” was calculated with the following equation:™ §

D(mg/ kg) = (K x C x TY(mg)/ Body Weight (kg)

where D" was the dose of benzene inhaled during a pa§

Mean inhaled Benzene Dose,* Calculated Using:

Benzene Dose

Elapsed
Exposure Changing RMV Changing Observed/
Time Theory {Ether Uptake) Benzene Uptake Expected
(minutes)  (mg/kg)® (mg/kg)® (mg/kg)® (percent)
Rats®?
60 38.6 35.8 270 70
180 116.3 99.1 48.8 42
360 233.0 183.3 65.6 28
Mice®t
60 89.0 88.3 72.7 81
180 269.8 248.3 194.4 72
360 539.6 4496 3954 73

ASee text for equations.

BBody Weight: rats = 0.215 kg/rat; mice = 0.125 kg/group.
CPopulation sizes: 5 individuaf rats; 5 groups of 5 mice.
Benzene concentration: 300 ppm = 0.00096 mg/mi.

EBenzene concentration: 310 ppm = 0.00099 mg/ml.
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i “K” was an uptake rate factor (in mL/min) for
it rat Or group O miceduring a specific exposure

2 1 br 2o 3br, etc.); “C™was the exposureconcen-
" nL) and “T™ was theduration of the exposure

of “K" depended upon the inhaled dose model
d. When the theoretical model was calculated, K"
85 equal to the pre-exposure value for ether
= RMV) . When the theoretical model, influ-
ging RMV was calculated, ""'K" was an average

make rate during a specific interval (e.g., 1 hrto3hr).
Be theoretical model, influenced by benzene uptake
ted, "'K"'was the average uptake rate for benzene

Miﬂ specific interval.

m.lmlysls

D#ferencss in benzene uptake rates and RMV between
preexposed and exposure intervals were analyzed by a Ran-
dosmized Block Design® with the animals as blocks and the
time periods astreatments. Duncan's Multiple Range Test"*
was used to determine which time periods (exposed) differed
from control (preexposed).

Metences between benzene uptake rates and RMV, at
Jnterval, were analyzed by a Paired Difference T- test®
Be animals aspairing elements and ether and benzene
nts. Statistical analyses were performed sepa-
rats and mice at each time period (preexposure;
ure ; 3-hr exposure; and 6-hr exposure).

» of 300 ppm (s.d. = 10 ppm) during the 6-hr dosing
m Vapor uptake data for the rats are summarized in
1.

Br to benzene exposure, the rats exhibited a mean net
k¢ rate for benzene of 152 mL/ min, and a mean RMV of
'G@Jmn The pretest uptake rates of benzene and ether
(foe MMEY) had no significant, statistical difference.

' f‘i 3 and 6 hr of continuous benzene exposure, the
Mltet upmke rates for benzene had decreased with statis-
aificance to 33, 22 and 9%, of the pretest value. The
¥ values at these same intervals had decreased
-y ical significance to 85, 78 and 66% of the pretest
VA&% had statistical significant difference from the
benzene uptake values.

mmm cumulative, inhaled benzene dose for the rats,

"'hhwd by each of the three prediction models, is pre-
%enfed.in Table 11. The observed benzene inhaled dose was
of the theoretical inhaled dose. and 36% of the
: h was adjusted for changing RMV.

Exposure and Uptake Measurements

pice received exposure to a mean chamber
of 310 ppm (s.d. = 10 ppm) during the 6-hr
Vapor uptake data for mice are summarized
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Figure 1 — Cumulative inhaled benzene dose in rats and
mice, as influenced by theory, changing RMV. and changing
benzene uptake rate. Al values are normalized as percen-
tages of the total expected dose.

o

Prior to benzene exposure, the mice exhibited a mean net
uptake rate for benzene of 188mL/min,and a mean RMV of
189 mL/min. The pretest uptake rates for benzene and ether
(for RMV) had no significant statistical difference.

After 1 hr of exposure, the mean net uptake rate for
benzene decreased with statistical significance to 65% of the
mean pretest value in the mice, but it did not continue to
decline during the remainder of the exposure. After 3and 6
hrs of exposure, the mean benzene uptake rates were more
stable, at 76 and 81% of the pretest value, respectivély. The
RMYV values for these same intervals were decreased with
statistical significanceto 96, 84 and 69% of the pretest value,
respectively, but were statistically different from corres-
ponding benzene uptake rates only at the I-hr (lower) and
6-hr (higher) intervals.

The mean, cumulative, inhaled benzene dose for the mice,
calculated by each of the three prediction models, is pre-
sented in Table I1. The observed benzene inhaled dose was
73% of the theoretical inhaled dose, and 89% of the predic-
tion which was adjusted for changing RMV.

Figure 1 is a graphic representation of the build-up of
inhaled dose over time, as predicted by each of the three
models: theory; theory - adjusted for changing RMV; and
theory -adjusted for benzene uptake rate. The values plotted
are normalized as percentages of the dose expected by the
unadjusted theoretical model. 1t was clear from the figure
that the inhaled doses of rats and mice, as adjusted for
changing RMV, were lower than the unadjusted theoretical
dose, and that the inhaled doses, as adjusted for benzene
uptake rate, were lower still.

Discussion

Benzene was selected for the stud) because of its wide indus-
trial use and interest. There have been many investigations
into the toxicity of benzene “"** Thus, there was interest to
determine whether or not benzene uptake was constant or
variable during inhalation exposure. The 300 ppm exposure
level was selected because it was a level which could be
experienced during an accidental worker exposure, and yet
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was below the level at which one would expect to observe
overt signs of narcotic effects.”®

Theoretical methods used to predict inhaled dose require
the incorporation of an appropriate rate factor (volume per
unit time). The present study demonstrated that the most
appropriate factor was the one related to benzene, the test
material. The method used to determine the rate factor for
this study was simple and enabled the determination of
benzene uptake and RMV at rest, during exposure, without
causing undue distress to the animals.

The mean pre-exposed RMV values for rats and mice
compared well to published vatues,™® which suggested that
the uptake method accurately might monitor changes in the
RMV duringexposure. Itwas not known, however, if expo-
sure to benzene would alter the relationship between RMV
and diethyl ether uptake; it was assumed that it would not,
since benzene is not reported to have toxic effects on the
lung, especially during the time course of the exposure (n the
study.”'®

The results from this study presented other points to
consider. The cumulative inhaled doses plotted In Figure |
clearly demonstrated a dramatic difference in benzene
uptake characteristics between ratsand mice. The findinasin
the rat were similar to those reported by Anderson et al..!
using |, ldichloroethylene. They reported that the uptake
curve was biphasic, possessing a rapid phase that was essen-
tially complete within the first 60-80 minutes. Thisappeared
to represent tissue equilibration and was independent of
concentration level. The second phase, a slower uptake rate,
appeared to be related to metabolism."™ ™

Thefindings ig the mouse suggested that the first phase of
benzene uptake m y have been completed within a shorter
time frame than in the rat. A comparison of the ratio of
RMV to animal volume suggested that the ratio for the
mouse was approximately double that forthe rat. Thus, the
uptake rate curve measured for mice in this study may have
represented the second, slower phase observed in Ander-
son’s experiments."® The greater inhaled dose in mice, on a
mg, kg basis, might similarly be attributed to the higher rate
of metabolism in the mouse, when compared to the

Depression of RMV during the course of dosing was
apparent, but there was no clear correlation between RMV
and benzene uptake rate in either rats or mice. Thus, the
reduction of benzene uptake during exposure must have
been related to some other process.

It also was reported that the benzene uptake in the mice
was greater than the corresponding ether uptake rate (for
RMY), after 6 hr of benzene dosing. While the difference
was statistically significant, it was not considered to have
been biologically significant, being related more to analyti-
cal variability than to animal response. If anything, ether
uptake would be expected to be higher than benzene because
of the greater water solubility of ether. Furthermore, ether
uptake has previously been shown to provide a good esti-

mate ofF RMV .

In summary, this study demonstrated that predicting
inhaled dose from measured uptake rates of a test material

L]

gave a much different picture than either an unadj
RMV-adjusted, model. The data presented in §
were not sufficient, however, to clucidate the?
responsible for alterations tn benzene uptake, t"
sufficient to determine whether the mouse or thel
suitable model for benzene uptake in humaas.
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