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Abstract. T he disposition of bu ty l-(2 ,3-14C )-acrylate has been studied following in traperi­
toneal and o ra l adm inistration  to  rats. M ost of the adm inistrated  acrylate underw ent rapid 
m etabolism  a n d  excretion with expired air (m ore th an  70%  of the dose) and urine 
(15 — 22%). M ost of 14C found in tissues was associated with the liver and kidneys. The level 
of 14C associated with m ost of the exam ined tissues rem ained unchanged, a t least, for the 
first 8 — 10 ho u rs , followed by its fairly rap id  loss. The only exception was erythrocytes, fat 
and  the sciatic nerve. Significant differences in the ra te  of 14 C  loss from tissues were found in 
relation to th e  rou te  of its adm inistration.

IN T R O D U C T IO N

Esters of acrylic acid are widely used in the production  of polymers and 
synthetic resins. Butyl acrylate in a m ixture with o ther 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 m ain routes of 
exposure to butyl acrylate under industrial (occupational) conditions. An 
anim al study perform ed on several species has proved tha t in both  acute and 
chronic exposures, the com pound in question exerts irritan t effects on the 
skin and  m ucuous m em branes (8, 11). Experim ents with guinea pigs have 
also dem onstrated the allergic potentials of butyl acrylate (8, 19). N o 
carcinogenic effect of this com pound in the area of its adm inistration has been 
reported (4).
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O ccupational Medicine. P. O. Box 199, 9 0 —950 Lodz, Poland.
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The m etabolism  of butyl acrylate in rats has n o t been fully clarified. As is 
know n from earlier studies, this com pound, added to  the hom ogenates of ra t 
liver, kidneys and lungs, undergoes hydrolysis to  acrylic acid, due to  the 
participation of nonspecific carboxylesterases (13, 14). There are no literature 
da ta  concerning the distribution of this com pound and the routes of its 
excretion. The mechanism  of its in vivo m etabolism  also remains unknown.

The purpose of the present study was to examine the distribution o f 14 C in 
the routes of its elim ination after the adm inistration of a single dose of 
butyl - (2,3- 14 C )-acrylate in rats.

M ATERIALS A N D  M E T H O D S

Butyl-(2,3-14)-acrylate (specific activity 48 m Bq/m m ol) was purchased 
from the Institute of N uclear Research, (Dept o f Reactors and Isotope 
Production) Swierk, Poland. Analytical grade butyl acrylate (BA) was supplied 
by BDH, England. All the o ther reagents were ob tained  from PO C h, Gliwice, 
Poland.

Preparation of samples and measurements o f 14 C activity.

Blood cells and 20%  tissue hom ogenates were digested according to 
M ahin  and Lofberg (12). U rine samples, diluted w ith water to  the volume of 
100 ml, and plasm a samples were directly m easured. D eterm ination of 14C, 
perm anently bound in tissues was perform ed 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 m easured w ith the use of the LK B  W allac
— 81000 scintillation counter. The results were autom atically  corrected by the 
channel ratio  method.

Description of experiments

The experiments were performed on 72 m ale W istar rats (approxim ate 
body weight 250 g ±  10%). The rats were divided into 2 groups. The animals 
were pu t individually in  glass m etabolism  cages (Simax, Czechoslovakia) and

TABLE 1. The excretion of 14C after a  single adm inistration  o f butyl-[2,3 14C ]-acrylate in r a ts 1.

R oute of 
adm inistration

expired air 
(%  of a  dose)

urine 
(%  of a  dose)

faeces 
(% of a  dose) Total 

excretion 
(%  of a  dose)

T i m e  i n t e r v a l s  (in hours)

0 - 2 4 2 4 - 4 8 0 - 2 4 2 4 - 4 8 0 - 2 4

intraperitoneal 7 3 .8 +  4.6 0 13.7 ±  1.2 7.9 +  0.6 1.6 ±  0.5 '97.00

intragastric 83.7 ±  10.2 0 14.6 ±  1.4 2.2 ± 0 .3 0.7 ±  0.2 101.20

1 values represent m ean for 6 ra ts ±  SD
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Excretion of butyl (2, 3 -14C)-acrylate 59

acclimatised for 48 hours. Subsequently, bo th  groups of anim als were adm ini­
stered (100 m g/kg of B A -14C (about 435 kB q/rat) intraperitoneally (group I) 
and intragastrically (group II). The B A -14C solution, with a specific activity of 
870 kBq/m l was prepared directly before adm inistration by adding an 
appropriate am oun t of the medium (BA w ithout an isotope m arker) and 
dissolving it in 0.1%  Tween 80. Im m ediately after the administration", the rats 
were placed in  individual m etabolism  cages which enabled collection of 
separate samples of urine and faeces. The expired air was pulled ou t of cages 
with the use of a  w ater pum p through 3 washers, fixed one after another and 
containing 25 ml of isopropanol (I) and 25 ml of ethanolam ine (II and  III). The 
washers were exchanged every hour during the first 10 hours of the experim ent 
and  then every 12 hours.

Blood samples were collected from the tail veins by means of calibrated, 
heparinized capillaries: 0.5, 1, 1.5, 2, 2.5, 3, 4, 8, 12, 24 and 48 hours following 
the adm inistration of the com pounds; 30 jal of blood was collected each 
time. After centrifugation (haem atocrite centrifuge, U nipan) the am ount of 
haem atocrite was checked; the capillary was cut a t the division line. P lasm a 
and  blood cells were put separately into scintillation tubes. In  order to 
determ ine 14C con ten t in the whole blood, abou t 7 ml of blood/100 g body 
weight were used (1).

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

RESULTS

The excretion of 14 C from the ra ts’ organism s in their expired air and 
urine during the first 48 hours are presented in Table 1. The expired air proved 
to  be the m ain route of excretion of 14C. M ore than  70 — 80% of the given dose 
of 14C was elim inated in this way during 24 hours following the adm inistration 
of butyl acrylate, irrespective of the route of adm inistration, The m axim um  
excretion took  place in the 2nd hour following the intoxication in the case of 
in traperitoneal — and  in the 3rd hour — after intragastric adm inistration 
(Fig. 1). The excretion of 14 C in the expired air was m onophasic, and the 
half-lives, estim ated with the use of graphic technique (T j )  for both  routes of 
adm inistration, were approxim ately 1.5 hours. Lack of 14C activity in the 
washers containing isopropanol excluded the presence of unchanged BA. A part 
from  the expired air, 14C was also excreted in considerable am ount (17 — 21% ) 
in urine, m ainly du.ring the first 24 hours, and partly  during the following day 
and night. After 48 hours (i.p. and p.o. adm inistration) the to tal am ount of the 
excreted 14C reached alm ost 100%. In the case of intraperitoneal adm inistra­
tion, the loss of 14 C  in the plasm a was biphasic. Half-lives of 14 C, counted by 
m eans of graphic technique, for the fast and slow phase (T j), were: 1.7 and 44 
hours, respectively. T he fast phase of 14 C loss clearly correlated with 14 C
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Fig. 1. The ra te  o f 14C  excretion in the expired air a fte r a single adm inistration o f bu- 
ty l[2 ,3 -14C ]-acry la te  in ra ts (each point represents the m ean  for 6 ra ts  ±  SD).

excretion with the expired air (Fig. 1). In  the case o f intragastric adm inistration, 
however, the loss of 14 C from  the plasm a was m onophasic ( T |  =  24 hours). 
N o loss of 14C from erythrocytes was reported  (Tables 2 and 4). The 
distribution of 14 C  in tissues, following in traperitoneal adm inistration of 
B A -14C was dem onstrated in Table 2.

The highest 14C concentration, half an  h o u r after its adm inistration, was 
detected in the liver and kidneys. In all the exam ined tissues it rem ained a t the 
level of initial concentrations during the first 8 hours. In  the kidneys and lungs, 
however, a significant increase of 14 C content was observed. D uring the next 
few hours following the intoxication, a significant decrease of B A -14C activity 
was reported in all tissues, except erythrocytes, fa t and the sciatic nerve, where 
the concentration of 14 C rem ained unchanged.

The lowest concentration o f 14 C was detected  in the brain. The determ ina­
tion of 14 C perm anently bound in the liver, kidneys, lungs and brain, showed
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Fig. 2. Loss of 14C  ca rb o n  from the plasm a after a  single adm inistration  of b u ty l[2 ,3 - l14C ]acry - 
late to  ra ts (each p o in t represents the m ean for 6 ra ts +  SD).

that between 0 — 0.5 hour after the adm inistration, its partic ipation was m inute 
in com parison w ith  the whole am ount of 14C in these tissues (Tables 2 and 3). 
I t was not until between 4 and 8 hours after the adm inistration th a t we 
observed an increase, followed by a slow decrease of 14C content. After 48 
hours the whole of the examined 14C was perm anently bound in tissues.

Table 4 presents the distribution of 14C in the tissues following p.o. 
adm inistration o f BA - 14C. As in the case of i.p. adm inistration, the highest 14C 
concentration, betw een 0 — 2 hours after the in to x ica tio n  was detected in the 
liver an d  kidneys as well as in the stom ach, as a result of the route of 
administration. T he loss of 14C from the examined tissues 12h after adm inistra­
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 14C perm anently bound after p.o. 
adm inistration of B A -14C. In  all the tested tissues, we observed high initial 
concentrations of perm anently bound 14 C, a slight increase in the next time 
intervals, and the subsequent slow decrease, as in the case of i.p. adm inistra­
tion. F ourty  eight hours after p.o. adm inistration, the whole 14C determ ined in 
the examined tissues was perm anently bound.

DISC U SSIO N

As the results in  the presented data show, the expired air proves to  be the 
m ain rou te of 14 C  excretion after a single dose of BA-14C, irrespective of the 
route of adm inistration. The absorbing solution used in the washers indicates 
the route of excretion of 14C 0 2 (Table 1). M ost of the expired C 0 2 was
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excreted during the first 8 hours: despite an hour difference in  reaching the 
peak excretion on the route of adm inistration, the half-life (T 3) was the same in 
bo th  cases (Fig. 1).

A pproxim ately 1/5 of a dose of B A -14C was excreted in the urine, mainly 
during the first 24 hours following adm inistration. The above-quoted data 
basically do no t differ from the d a ta  concerning other acrylates (methyl 
acrylate, 2-ethylhexyl acrylate) given to rats (16). T he expired air and urine 
were the m ain routes of 14C excretion after 14C -m ethyl acrylate adm inistration 
in  guinea pigs (17). In  the case of all the three quoted  acrylates we could 
observe a correlation between the increase of 14 C excretion in the expired air 
and  a decrease in the 14C excretion in urine as a  result o f the increasing 
m olecular weight of the acrylates (16).

The experim ents on the distribution of 14 C  in  tissues and  blood have 
show n significant differences in the rate of 14 C loss, depending on the route of 
adm inistration  of B A -14C (Fig. 2, Tables 2 and 4) which m ight concern the 
first, initial phase and the first 8 hours of 14C loss from the plasm a (Fig. 2). 
However, despite the evident correlation between the rate of 14C loss in the 
p lasm a and its excretion in the expired air after i.p. adm inistration of B A -14C, 
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. 
adm inistration  (Figs 1 and 2). Thus, the only plausible explanation m ight be 
the prolonged absorption of B A -14C after in tragastric adm inistration, and 
sim ultaneous increase of radioactivity in the blood, originating bo th  from 
14C O z as well as from the given com pound.

The high concentration of 14 C in the liver and  kidneys, w ith considerable 
partic ipation  of 14C perm anently bound, confirms the m etabolic processes 
taking place in these tissues. Evident differences in  the rate o f 14C loss in the 
m ajority  of the examined tissues, depending on the route of adm inistration, 
m ost probably result (as in the case of blood) from  the difference in the rate of 
absorp tion  of butyl acrylate (Tables 2 and 4). The initially high level of 14C in 
the stom ach, significantly higher after p.o. adm inistration, is also worth 
noticing. Similar results were observed by K utzm an  et al. (9) after inhalatory or 
in tragastric adm inistration o f 11C acrylic acid. T he later data suggest th a t most 
of B A -14C adm inistrated intragastrically undergoes hydrolysis in the presence 
of m uriatic acid in the stom ach, and then is absorbed  in the blood as acrylic 
acid.

High radioactivity in the stom ach walls following p.o. adm inistration of 
the examined com pound can be explained by the process o f its absorption, 
whereas high radioactivity after i.p. adm inistration  suggests selective accum u­
lation  of 14 C in peritoneal walls. H igh retention of 14 C in erythrocytes, fat and 
sciatic nerve (Tables 2 and 4) constitutes an  im portan t problem . Repeated 
exposures can lead to  the accum ulation of this compound. It is worth 
em phasizing th a t the discussion on levels o f 14 C determ ined in  tissues concerns 
only a small p art of the adm inistered 14C. M ost o f the radioactivity is excreted 
in  the expired air during the first 8 hours, and in urine during the first 24 hours
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following the adm inistration (Table 1, Fig. 1). The balance of excretion for both 
the routes of adm inistration approxim ated 100%.

The high ratio  between perm anently bound 14 C and to tal 14 C content 
should also be emphasized. Perm anent binding of 14 C in tissues and 
erythrocytes can be explained by the binding of some acrylates to  low 
m olecular weight -S H  groups, as it was dem onstrated by M iller et al. (14) in in 
vitro experiments, and by Silver and M urphy (18). The experiments quoted 
suggest the existence of two m etabolic pathw ays of acrylates in the organism. 
The first consists in the conjugation with glutatione, and the excretion of the 
resulting com pounds in urine. The second is the process of hydrolysis of the 
acrylates in the liver, lungs, kidneys and plasm a with the partic ipation of 
non-specific carboxylesterases, to  form acrylic acid and the appropriate  
alcohol. C arbon dioxide (C 0 2), expired from the lungs would probably  be 
a  further product of the acrylic acid m etabolism.

The existence of the two m etabolic pathways for acrylates was confirmed 
by D e Bethizy et al. (3). They examined in vivo the metabolism  of acrylic acid 
and ethyl acrylate m arked with 14C. A part from 14C 0 2 present in the expired 
air (about 68% of the dose), they proved the presence of 3 m etabolites in the 
urine of rats: 3-hydroxypropionic acid, N-acetylo-S(carboxyethylo)cysteine and 
N-acetylo-S(carboxyethylo)-cysteine ester. The experiments perform ed by these 
au thors on the m etabolism  of acrylic acid and ethyl acrylate suggest the 
possibility of a  similar m etabolic pathw ay for butyl acrylate. We hope tha t the 
experiments being conducted presently on the m etabolism  of butyl acrylate in 
rats will confirm this hypothesis.

R E FE R E N C E S

1. Brij M, M itruka  H M , Rawnsley. Clinical Biological and Hem atological Reference Values in 
N orm al Experim ental Animals. M asson Publishing USA, Inc., New York, 1977.

2. C arpen ter C F, Weil GS, Sm yth H F  jr. Range-finding toxicity data. List VIII. Toxicol Appl 
Pharm acol 28(2), 3 1 3 -3 1 9 , 1974.

3. D e Bethizy JD , U chinsky JR, Scribner HE, Frederick CB. The disposition and m etabolism  of 
acrylic acid and ethyl acrylate in male Sprague-D owley rats. Fundam ent Appl Toxicol 8(4), 
5 4 9 -5 6 1 , 1987.

4. D e Pass LR, Fow ler EH, Meckley D R , Weil CS, D erm al oncogenicity bioassays of acrylic acid, 
ethyl acrylate, and butyl acrylate. J  Toxicol Env H ealth  14, 115, 1984.

5. D ocum entation  of the threshold lim it values, IV ed, A C G IH , C incinnati, 1980.
6. F ricke U. Tritosol: A new scintillation cocktail based on T riton  X-100. Anal Biochem 63, 

5 5 5 -5 5 8 , 1975.
7. G ladkova EW , Rogovaja TZ. Sanitary and hygienic characteristics of w ork conditions and 

health  state of w orkers angaged in the production  of butyl acrylate and emulsions prepared  on 
its basis. G ig T ruda P ro f Zabol, 12(7), 12—15, 1968. (in Russian)

8. H u n ter CG, Brown VK, Ferrigan LW. Experim ental studies on skin hazards with "versatic” 
acid and its m onoglycidyl and vinyl esters. Brit J  Ind  M ed 23(2), 137 — 141, 1966.

9. K utzm an RS, M eyer G J, W olf AP. The b iodistribution and m etabolic fate of [ 11C ]acrylic  acid 
in the ra t after acute inhalation  exposure o r stom ach inhibition. J  Toxicol E nviron H ealth 
10(6), 9 6 9 -9 7 9 , 1982.



66 A. Sapota

10. K u ie lo v a  M, H ovarik  J, Fiedlerova D, Popler A, Acrylic com pounds and general health o f the  
exposed persons. Pracov Lek, 33(3), 95 — 99, 1981 (in Czech).

11. Łazariew NW . W rednyje wieszczestwa w prom yszlenosti. Chimija, Leningrad, I. II, 180—181, 
1976. (in Russian)

12. M ahin  DT, Lofberg RT. A simplified m ethod of sample preparation  for determ ination  of 
tritium , carbon-14 or sulfur-35 in blood or tissue by liquid scintillation counting. Anal Bioch 
16, 5 0 0 -5 0 9 , 1966.

13. M iller RR, Ayres JA, Jersey G C , M cK enna MJ. Inhala tion  toxicity of acrylic acid. F un d am en t 
Appl Toxicol 1(3), 2 7 1 -2 7 7 , 1981.

14. M iller RR, Ayres JA, R am py LW , M c K enna MJ. M etabolism  of acrylate esters in ra t tissue 
hom ogenates. F undam ent Appl Toxicol 1(6), 410—414, 1981.

15. Pe ter H, Bolt HW . Irreversible protein binding of acrylonitrile. Xenobiotica 11(1), 51 —56, 
1981.

16. Sapota A. The disposition of [2 ,3 -14C ]m ethyl and [2 ,3 -14C]2-ethylhexyl acrylate in m ale 
W istar albino rats. Arch Toxicol 62,181 — 184, 1988.

17. Seutter E, Rijntjes NV M . W hole-body au to rad iography  after systemic and topical adm in istra ­
tion  of m ethyl acrylate in the guinea pig. Arch D erm atol Res 270(3), 272 — 284,1981.

18. Silver EH , M urphy SD. Po ten tia tion  of acrylate ester toxicity by prior treatm ent with the  
carboxylesterase inh ib ito r T riorthoto ly l phosphate  (TOTP). Toxicol Appl Pharm acol 57(2), 
2 0 8 -2 1 9 , 1981.

19. Van der W alie H, K lecak G , Geleick H, Bensink T. Sensitizing potential of 14 m ono- 
-(meth)acrylates in the guinea pig. C ontact D erm atitis 8, 223—235, 1981.

Received for publication: N ovem ber 5, 1990.
Accepted for publication: M arch 6, 1991.


