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Abstract. The disposition of butyl-(2,3-'*C)-acrylate has been studied following intraperi-
toneal and oral administration to rats. Most of the administrated acrylate underwent rapid
metabolism and excretion with expired air (more than 70% of the dose) and urine
(15 — 22%). Most of 1*C found in tissues was associated with the liver and kidneys. The level
of 1*C associated with most.of the examined tissues remained unchanged, at least, for the
first 8—10 hours, followed by its fairly rapid loss. The only exception was erythrocytes, fat
and the sciatic nerve. Significant differences in the rate of 1#C loss from tissues were found in
relation to the route of its administration.

INTRODUCTION

Esters of acrylic acid are widely used in the production of polymers and
synthetic resins. Butyl acrylate in a mixture with other acrylates is also used in
the textile and leather industries, as well as in the production of paints and
lacquers (5, 7, 10). The respiratory tract and skin (2) are the main routes of
exposure to butyl acrylate under industrial (occupational) .conditions. An
animal study performed on several species has proved that in both acute and
chronic exposures, the compound in question exerts irritant effects on the
skin and mucuous membranes (8, 11). Experiments with guinea pigs have
also demonstrated the allergic potentials of butyl acrylate (8, 19). No
carcinogenic effect of this compound in the area of its administration has been
reported (4).
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The metabolism of butyl acrylate in rats has not been fully clarified. As is
known from earlier studies, this compound, added to the homogenates of rat
liver, kidneys and lungs, undergoes hydrolysis to acrylic acid, due to the
participation of nonspecific carboxylesterases (13, 14). There are no literature
data concerning the distribution of this compound and the routes of its
excretion. The mechanism of its in vivo metabolism also remains unknown.

The purpose of the present study was to examine the distribution of '*C'in
the routes of its elimination after the administration of a single dose of
butyl-(2,3-14C)-acrylate in rats.

MATERIALS AND METHODS

Butyl-(2,3-'%)-acrylate (specific activity 48 mBg/mmol) was purchased
from the Institute of Nuclear Research, (Dept of Reactors and Isotope
Production) Swierk, Poland. Analytical grade butyl acrylate (BA) was supplied
by BDH, England. All the other reagents were obtained from POCh Gliwice,
Poland.

Preparation of samples and measurements of “C activity.

Blood cells and 20% tissue homogenates were digested according to
Mahin and Lofberg (12). Urine samples, diluted with water. to the volume of
100 ml, and plasma samples were directly' measured. Determination of *C,
permanently bound in tissues was performed according to Peter and Bolt (15).

The activity of samples, placed in glass scintillation vials with 15 ml of the,
scintillator (Tritosol, Fricke) (6), was measured with the use of the LKB Wallac
— 81000 scintillation counter. The results were automatically corrected by the
channel ratio method.

Description of experiments

The experiments were performed on 72 male Wistar rats (approximate
body weight 250 g + 10%) The rats were divided into 2 groups. The animals
were put 1nd1v1dua11y in glass metabolism cages (Simax, Czechoslovakla) and

TABLE 1. The excretion of '*C after a single administration of butyl-[2,3~14C]- acrylate in rats®.

expired air urine faeces .
Route of (% of a dose) (% of a dose) (% of a dose)| thgl
administration Time intervals (in hours) (% e):;;n:lzgse)
0-—24 2448 0-24 24-48 0-24 ‘
intraperitoneal |73.8 + 4.6 0 137412 79406 1.6 + 0.5 197.00
Jintragastric 8371102 0 146 +14 | 22+03 07402 101.20

! values represent mean for 6 rats + SD



57

[w/3/bgy ur pajussaid a1 £)ANOR D, JO SIUAWLINSEAW oY),
%01 F > (S ‘Siel 9 10§ UBIW © sB PIjuasald are synsal [[e,

Excretion of butyl (2, 3-'“C)-acrylate

801 or'e LS9 00'L 169 58’8 [elol
S00 610 Lo LT0 680 €0 860 LEO 060 ¥E0 §S°¢ 880 Leuwserd
L8O QA €60 1240] 001 90 L8O or'0 60 wo £8°0 8¢°0 SAL0011L10
- LTO - £€0 - LT0 - 7£°0 - 1£0 - £€0 SAIU ONjeIdS
- 9¢0 - 90 = L0 - S 40 - 1844 - 1€0 1eJ [ewdprpido
LO0 170 110 (UAW] 0T0 960 870 LLO Y20 £9°0 020 650 {yoewols
S00 010 S00 81°0 900 870 900 LEO 800 SE0 600 90 ey
100 070 00 0£0 LO0O 650 900 860 900 9t°0 900 £5°0 usa|ds
00 110 800 170 010 §T0 €10 SE0 ST1°0 6£°0 ST0 6£0 urerq
S00 LTO 800 £€0 ST0 6v°0 170 9.0 €10 160 LT0 050 s3uny
010 £C0 YAl S0 80T 9L'0 el 0L S 6¢°C 680 S6'1 skaupry
950 8C0 140! 650 907 960 Lot 0s°T 88°C 8T'1 16'¢ IS REL |

onssn anssiy . anssy anssn anssy anssy

ur asop | S/bgy | ur asop | 3/bgy | ur osop | S/bgy | ur asop | S/bgy | ur esop | S/bgy | ur asop | 3/bgy

® JOo % ' Jo % € Jo % B JO % ' Jo 9% . B JO % onssrL,

8y 14 44 -8 14 ' S0
(sinoy ur) uonenSIUIWIpe Id)e SWILY

reike-[D, _¢‘z]-14ing jo uonensmrwpe ‘dt oi8urs ® Ioye sonssy el W D, JO uonNqQuISK ‘7 AILV.L
1218 Dypr_€TI-IAINg J ! 9l I 28 I



A. Sapota

58

%01 T > S ‘siel 9 10} usow ® se pajussald ore synsal q[e

00 600 00 [48Y) SO0 [A8Y $00 €10 €00 800 100 w00 urelq
00 ST0 SO0 170 900 0co 600 (430 00 LTO w0 SO0 s3uny
600 170 L1T0 LEO 61°0 oo €C0 LYo 10 870 S00 01’0 s&oupry
860 670 660 IS0 144! 850 sl 1.0 0Tl $S0 880 0 1aAY
anssn anssI} anssy anssn , anssp anssn

ur asop | 8/bgy | ur ssop | 8/bgy | ur esop | S/bgy | ur esop |, 8/bgy | ur asop | §/bgy | ur ssop | I/bgy

1O % B JO % B JO % B JO % B JO % B JO % . anssIL,

14

124

(4t

8

S0

(s1moy ur) UOTJRIISIUNIPE Id)E dwil],

" @rel1oe-[D,,, _£7])-141nq jo uonensmuwpe [esuoyadenur o[3uls ® Isye sanssy jel ur punoq Apusueurrad O, Jo 1USJUOD wsh ‘€ A1dVL




Excretion of butyl (2, 3-'*C)-acrylate 59

acclimatised for 48 hours. Subsequently, both groups of animals were admini-
stered (100 mg/kg of BA-'*C (about 435 kBgq/rat) intraperitoneally (group I)
and intragastrically (group II). The BA-!*C solution, with a specific activity of
870 kBgq/ml was prepared directly before administration by adding an
appropriate amount of the medium (BA without an isotope marker) and
dissolving it in 0.1% Tween 80. Immediately after the administration, the rats
were placed in individual metabolism cages which enabled collection of
separate samples of urine and faeces. The expired air was pulled out of cages
with the use of a water pump through 3 washers, fixed one after another and
containing 25 ml of isopropanol (I) and 25 ml of ethanolamine (IT and III). The
washers were exchanged every hour during the first 10 hours of the experiment
and then every 12 hours.

Blood samples were collected from the tail veins by means of callbrated
heparinized capillaries: 0.5, 1, 1.5, 2, 2.5, 3, 4, 8, 12, 24 and 48 hours following
the administration of the compounds; 30 pl of blood was collected each
time. After centrifugation (haematocrite centrifuge, Unipan) the amount of
haematocrite was checked; the capillary was cut at the division line. Plasma
and blood cells were put separately into scintillation tubes. In order to
determine '*C content in the whole blood, about 7 ml of blood/100 g body
weight were used (1).

Rats were killed at time intervals given in Tables 2 and 3, by means of
decapitation, under light-ether narcosis. The liver, kidneys, lungs, brain, spleen,
heart, stomach, a fragment of sciatic nerve and a section of fat from the
abdomen were examined.

RESULTS

The excretion of '*C from the rats’ organisms in their expired air and -
urine during the first 48 hours are presented in Table 1. The expired air proved
to be the main route of excretion of *C. More than 70 —80% of the given dose
of 1*C was eliminated in this way during 24 hours following the administration
of butyl acrylate, irrespective of the route of administration, The maximum
excretion took place in the 2nd hour following the intoxication in the case of
intraperitoneal — and in the 3rd hour — after intragastric administration
(Fig. 1). The excretion of *C in the expired air was monophasic, and the
half-lives, estimated with the use of graphic technique (T %) for both routes of
administration, were approximately 1.5 hours. Lack of *C activity in the
washers containing isopropanol excluded the presence of unchanged BA. Apart
from the expired air, **C was also excreted in considerable amount (17 —21%)
in urine, mainly during the first 24 hours, and partly during the following day
and night. After 48 hours (i.p. and p.o. administration) the total amount of the
excreted '*C reached almost 100%. In the case of intraperitoneal administra-
tion, the loss of *C in the plasma was biphasic. Half-lives of *#C, counted by
means of graphic technique, for the fast and slow phase (T %), were: 1.7 and 44
hours, respectively. The fast phase of '*C loss clearly correlated with #C
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Fig. 1. The rate- of *C excretion in the expired air after a single administration of bu-
tyl[2,3-'*C]-acrylate in rats (each point represents the mean for 6 rats + SD).

excretion with the expired air (Fig. 1). In the case of intragastric administration,
however, the loss of '*C from the plasma was monophasic (T3 = 24 hours).
No loss of '*C from erythrocytes was reported (Tables 2 and 4). The
distribution of '*C in tissues, following intraperitoneal administration of
BA-1*C was demonstrated in Table 2.

The highest 14C concentration, half an hour after its administration, was
detected in the liver and kidneys. In all the examined tissues it remained at the
level of initial concentrations during the first 8 hours. In the kidneys and lungs,
however, a significant increase of '#C content was observed. During the next
few hours following the intoxication, a significant decrease of BA-14C activity
was reported in all tissues, except erythrocytes, fat and the sciatic nerve, where
the concentration of '*C remained unchanged.

The lowest concentration of 1*C was detected in the brain. The determina-
tion of **C permanently bound in the liver, kidneys, lungs and brain, showed
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Fig. 2. Loss of 1*C carbon from the plasma after a single administration of butyl[2,3-1**CJacry-
late to rats (each point represents the mean for 6 rats + SD).

that between 0—0.5 hour after the administration, its participation was minute
-in comparison with the whole amount of **C in these tissues (Tables 2 and 3).
Tt. was not until between 4 and 8 hours after the administration that we
observed an increase, followed by a slow decrease of **C content. After 48
hours the whole of the examined '*C was permanently bound in tissues.

Table 4 presents the distribution of *C in the tissues following p.o.
administration of BA-'*C. As in the case of i.p. administration, the highest t4C
concentration, between 0—2 hours after the intoxication, was detected in the
liver and kidneys as well as in the stomach, as a result of the route of
administration. The loss of 1*C from the examined tissues 12h after administra-
tion was insignificant, whereas between 24 —48 hours, a significant decrease of
14C content was noticed. Again, the erythrocytes fat and sciatic nerve were the
exception.

Table 5 shows the concentrations of !*C permanently bound after p.o.
administration of BA-1*C. In all the tested tissues, we observed high initial
concentrations of permanently bound 1*C, a slight increase in the next time
intervals, and the subsequent slow decrease, as in the case of i.p. administra-
tion. Fourty eight hours after p.o. administration, the whole **C determined in
the examined tissues was permanently bound.

DISCUSSION

As the results in the presented data show, the expired air proves to be the
main route of *C excretion after a single dose of BA-1*C, irrespective of the
route of administration. The absorbing solution used in the washers indicates
the route of excretion of *CQ, (Table 1). Most of the expired CO, was
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excreted during the first 8 hours: despite an hour difference in reaching the
peak excretion on the route of administration, the half-life (T %) was the same in
both cases (Fig. 1).

Approximately 1/5 of a dose of BA-'*C was excreted in the urine, mainly
during the first 24 hours following administration. The above-quoted data
basically do not differ from the data concerning other acrylates (methyl
acrylate, 2-ethylhexyl acrylate) given to rats (16). The expired air and urine
were the main routes of **C excretion after #C-methyl acrylate administration
in guinea pigs (17). In the case of all the three quoted acrylates we could
observe a correlation between the increase of '*C excretion in the expired air
and a decrease in the '*C excretion in urine as a result of the increasing
molecular weight of the acrylates (16).

The experiments on the distribution of *C in tissues and blood have
shown significant differences in the rate of #C loss, depending on the route of
administration of BA-*C (Fig. 2, Tables 2 and 4) which might concern the
first, initial phase and the first 8 hours of '*C loss from the plasma (Fig. 2).
However, despite the evident correlation between the rate of *C loss in the
plasma and its excretion in the expired air after i.p. administration of BA-4C,
it is difficult to explain the lack of a similar correlation (this is to be expected
because of a similarly proceeding excretion with the expired air) after p.o.
administration (Figs 1 and 2). Thus, the only plausible explanation might be
the prolonged absorption of BA-'*C after intragastric administration, and
simultaneous increase of rad10act1v1ty in the blood, originating both from
14CO, as well as from the given compound.

The high concentration of 1*C in the liver and kidneys, with considerable
participation of !*C permanently bound, confirms the metabolic processes

taking place in these tissues. Evident differences in the rate of '*C loss in the
majority of the examined tissues, depending on the route of administration,
most probably result (as in the case of blood) from the difference in the rate of
absorption of butyl acrylate (Tables 2 and 4). The initially high level of '*C in
the stomach, significantly higher after p.o. administration, is also worth
noticing. Similar results were observed by Kutzman et al. (9) after inhalatory or
intragastric administration of ! C acrylic acid. The later data suggest that most
of BA-1*C administrated intragastrically undergoes hydrolysis in the presence
of muriatic acid in the stomach, and then is absorbed in the blood as acrylic
acid.

High radioactivity in the stomach walls following p.o. administration of
the examined compound can be explained by the process of its absorption,
whereas high radioactivity after i.p. administration suggests selective accumu-
lation of 'C in peritoneal walls. High retention of *C in erythrocytes, fat and
sciatic nerve (Tables 2 and 4) constitutes an important problem. Repeated
exposures can lead to the accumulation of this compound. It is worth
emphasizing that the discussion on levels of **C determined in tissues concerns
only a small part of the administered *C. Most of the radioactivity is excreted
in the expired air during the first 8 hours, and in urine during the first 24 hours



Excretion of butyl (2, 3-'“C)-acrylate 65

following the administration (Table 1, Fig. 1). The balance of excretion for both
the routes of administration approximated 100%.

The high ratio between permanently bound !*C and total *C content
should also be emphasized. Permanent binding of !*C in tissues and
erythrocytes can be explained by the binding of some acrylates to low
molecular weight —SH groups, as it was demonstrated by Miller et al. (14)in in
vitro experiments, and by Silver and Murphy (18). The experiments quoted
suggest the existence of two metabolic pathways of acrylates in the organism.
The first consists in the conjugation with glutatione, and the excretion of the

resulting compounds in urine. The second is the process of hydrolysis of the
~ acrylates in the liver, lungs, kidneys and plasma with the participation of
non-specific carboxylesterases, to form acrylic acid and the appropriate
alcohol. Carbon dioxide (CO,), expired from the lungs would probably be
a further product of the acrylic acid metabolism.

The existence of the two metabolic pathways for acrylates was confirmed
by De Bethizy et al. (3). They examined in vivo the metabolism of acrylic acid
and ethyl acrylate marked with !*C. Apart from '*CO, present in the expired
air (about 68% of the dose), they proved the presence of 3 metabolites in the
urine of rats: 3-hydroxypropionic acid, N-acetylo-S(carboxyethylo)cysteine and
N-acetylo-S(carboxyethylo)-cysteine ester. The experiments performed by these
authors on the metabolism of acrylic acid and ethyl acrylate suggest the
possibility of a similar metabolic pathway for butyl acrylate. We hope that the
experiments being conducted presently on the metabolism of butyl acrylate in
rats will confirm this hypothesis.
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