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ABSTRACT 

This study examined the dermal absorption of 

phthalate diesters and phthalic acid in the rat. The 

phthalate diesters tested were dimethyl-, diethyl-, 

dibutyl-, di-isobutyl-, di-hexyl-, di-(2-ethylhexyl), 

di-isodecyl- and Butylbenzyl-phthalate. A correlation 

between the chain length of the ester alkyl group, and the 

extent and rate of percutaneous absorption showed as the 

chain length increased, the percutaneous absorption in

creased up to four carbon atoms. Then, for increased 

alkyl chain length after four carbon atoms, the percutan

eous absorption decreased. Di-isobutyl phthalate, a 

branched alkyl chain, was absorbed less than its straight 

chain isomer di-n-butyl phthalate. Analysis of tissue 

levels showed that there was no specific body tissue ac

cumulation of phthalate esters and the absorbed species 

were excreted rapidly from the body. The experimental re

sults suggest that there is an inverse proportionality be

tween the 0/W partition coefficient and the extent of 

dermal absorption. 
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CHAPTER 1 

INTRODUCTION 

Chemical Structure and Physical 
Properties of Phthalate Esters 

Phthalate esters are derivatives of 

benzene-l,2-dicarboxylic acid in which the carboxylic acid 

moities are esterified by different alcohols. Generally, 

there are three types of phthalate esters depending on the 

position of the 2 carboxylate moities to each other on the 

benzene ring. The meta-phthalate esters which are known 

as isophthalates. The para-phthalate esters which are 

known as terephthalates. The ortho-phthalate esters which 

have the generic name "phthalate esters" and they are the 

group of compounds that this study investigates. They are 

commonly synthesized by condensation of phthalic anhydride 

with various alcohols. The compounds presented in Table 1 

were investigated in this study. Phthalate esters with 

short alkyl groups as methyl, ethyl and butyl, show slight 

solubility in water. However, other phthalate esters with 

long alkyl groups as hexyl,2-ethylhexyl, etc. are rela

tively insoluble in aqueous mediums because of their high

ly lipopholic structures. Volatilities at standard 

temperature and pressure are generally low, particularly 

1 
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Table 1. Chemical Structures of various types of 
phthalate esters 

R R1 Compound 

-CH3  .  -CH3 dimethyl phthalate (DMP) 

"CH2CH3 
-CH2CH3  diethyl phthalate (DEP) 

-(CH2)3CH3  -(CH2)3-CH3  dibutyl phthalate (DBP) 

f3 
l"3 

-CH-CH2-CH -CH-CH2-CH di-isobutyl phthalate (DIBP) 

-(CH2)5-CH3  -<CH3)5-CH3  dihexyl phthalate (DHP) 

-CH2<jH(CH2)3CH3 

C2H5 

-CH2<jH(CH2)3CH3 

C2H5  

di{2-ethyl hexyl) phthalate 
(DEHP) 

T3 
-CH-(CH2)7-CH3  -CH-(CH2)7-CH3  di-isodecyl phthalate (DIDP) 

-(CH2)3CH3  -CH2C6H5  Butyl benzyl phthalate (BBP) 
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for the long chain and branched compounds (Kluwe, 1982a). 

The following table illustrates some physicochemical prop

erties of some phthalate esters (Table 2a). 

Uses and Application of 
Phthalate Esters 

A very wide spectrum of application has been found 

for the various phthalate esters. Dimethyl and dibutyl 

phthalates were first used in the second world war in in

sect repellant formulations. However, the largest use of 

phthalate esters is as plasticizers for polymers, particu

larly polyvinyl chloride products. Although all phthalate 

esters have been used as plasticizers in differant applica

tion, the di-(2-ethyl hexyl) phthalate and the di-(n)-

octyl phthalate are the most widely used as plasticizers. 

As plasticizers, phthalate esters, do not chemically bind 

to the polymer structure but, instead, they are dispersed 

in the matrix of the polymer chains resulting in a de

crease in the forces between the polymer chains. This 

adds flexibility and softness to the polymer. A large 

number of industrial and consumer products of the poly

vinyl chloride will contain phthalate esters. These 

products include floor tiles, furnishings for households, 

food packaging systems, industrial tubings, medical de

vices and tubings, blood containers and catheters, and 

coating for drugs. In addition, phthalate esters have 
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Table 2a. Physical and chemical properties of phthalate 
esters 

Compound 
Molecular 
Weight 
(gm) 

Specific 
Gravity 

Bp, 
°C 

Solubility in 
H20,g/100 ml 

Dimethyl phthlate 194.18 1.189(25/25) 282 0.5 

Diethyl phthalate 222.23 1.123(25/4) 296.1 Insoluble 

Diallyl phthalate 246.27 1.120(20/20) 290 0.01 

Diisobutyl 
phthalate 278.3 1.040 327 Insoluble 

Dibutyl phthalate 278.34 1.0465(21) 340 0.45(25°C) 

Dimethoxyethy1 
phthalate 282.0 1.171(20) 

190-
210 0.85 

Dicyclohexyl 
phthalate 330.0 1.20(25/25) 

220-
228 Insoluble 

Butyl octyl 
phthalate 334.0 340 

Dihexyl phthalate 334.0 0.990 Insoluble 

Butylphthalyl 
butyl glycolate 336.37 1.097 (.25/25) 

219/ 
5mm/ 0.012% 

Dibutoxyethyl 
ethyl phthalate 366.0 1.063 210 0.03 

Di-2-ethylhexyl 
phthalate 391.0 0.985(20/20) 

386.9/ 
5mm Insoluble 
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been used in other applications such as defoaming agents in 

paper manufacturing; in cosmetic products as a vehicle 

(mainly diethyl phthalate) for perfumes and as a softener 

(mainly dibutyl phthalate) for eye shadows and lipsticks; 

and in lubricating oils (Autian, 19 73). Recent estimates 

indicate that the annual production of phthalate esters 

g 
m the United States is approximately 1-2 x 10 lb (Bell, 

1982). 

Environmental Aspect and Human Exposure 

The world wide production of phthalate esters, and 

their different and widespread use in our lives, have re

sulted in their presence almost everywhere in the environ

ment. Man is exposed to phthalate esters from cosmetics, 

insect repellants, food wrap, transfused blood and many 

other sources. There are many routes of entry of the 

phthalate esters to the human body: by oral ingestion, 

dermal absorption, inhalation, and the parentral route. 

Phthalate esters are found in water, soil and air. Sur

face water contamination by phthalate esters has been shown 

by finding DEHP and other phthalates in the tissues of fish 

and other aquatic organisms. The aquatic organisms have a 

considerable ability to accumulate the phthalate esters 

in their tissues and they have been identified in the 

following locations: Askansas, Mississippi, Iowa, Black 



Bay, Lake Superior; Ontario; Hammond Bay, and Lake Huron, 

Michigan. Phthalic acid, which may be derived from meta

bolic degradation of phthalate esters in the environment, 

was found in jelly fish obtained from a depth of 1,000 m 

in the North Atlantic. In another study made by Ogner et 

al. (1970), they found that fulvic acid, a water soluble 

humic material that is widely distributed in soils and 

waters, may form a water soluble stable complex with such 

phthalate and diesters (as benzyl butylphthalate, dibutyl 

phthalate, DEHP, dicyclohexyl pathalate). In addition, Tho

mas (1973) detected the presence of phthalic acid esters in 

air samples taken from areas adjacent to a municipal in

cinerator. 

Since Phthalate esters have been reported in dif

ferent locations in the world, and in water bodies far 

from the industrial centers, the question arises how they 

reach these locations. Phthalate esters are transported 

in the environment by one or more of the following mech

anisms: (Autian, 1973). 

1. Solid wastes that are dumped far from the produc

tion centers; 

2. Complexation with natural, organic substances (e.g., 

fulvic acid) forming soluble complexes, thus, the 

relatively water insoluble esters can be trans

ported in the aquatic environment; 
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3. Biosynthesis of the phthalate esters in the humic 

material; 

4. The urine and blood of the individuals who received 

blood transfusions using plastic biomedical devices 

and plastic blood bags; 

5. Phthalate esters volatilized from the plastic ma

terial as vinyl furnishing to the environment. 

"Even though at the present time phthalate es
ters do not pose an imminent health threat to our 
environment and to man directly, their continued 
and expanding use and disposition without some 
form of controls could pose long-range tragedies 
for mankind." (Autian, 1973) . 

Toxicology of Phthalate Esters 

Acute Toxicity 

The most frequently used phthalate esters show an 

extremely low order of acute toxicity. Esters of high 

molecular weight such as dioctyl and di-(2-ethylhexyl) 

phthalates also have a very low order of acute toxicity. 

Since the phthalate esters have relatively low volatility, 

they do not pose a problem of an acute nature. Inhalation 

experiments on a group of animals exposed to various con

centrations of the esters produced few toxic signs unless 

the concentrations are high and it is even needed to heat 

up the esters to 100-200°C to reach those high concentra

tions in the chamber to note a toxic effects. Phthalate 
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esters also produce few irritant effects (with exception of 

diallylphthalate) when placed in contact with human or 

animal skin. However, the intradermal injection of phthal-

ate esters produced a remarkable irritant response. The 

low molecular weight esters such as dimethyl and diethyl 

phthalate produced more irritant responses than the high 

molecular weight esters with the exception of Di-(2-

ethylhexyl) phthalate. On the other hand, all the phthal

ate esters showed a remarkable irritant response in the 

eye when applied directly to the eye. Nematollahi, Gness 

and Autian (1967) conducted an experiment on a series of 

dialkyl phthalate to evaluate the acute toxicity by a tis

sue culture test, and by intraperitoneal (IP) injection 

into mice. The results of this experiment showed cyto

toxic and toxic effects from the low molecular weight 

homologs but not from esters with C^-Cg alkyl side chains. 

Subacute and Chronic Toxicity 

Repeated exposure to phthalate esters by oral, in

halation, intraperitoneal or dermal routes produces few 

toxic responses unless the dose of exposure is fairly high. 

The following section will review some of the general tox

icities of some phthalate esters investigated. Dimethyl 

phthalate produces irritation of the nasal mucous membrane 

and the upper respiratory tract on repeated inhalation of 
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its vapor. However, prolonged inhalation of dimethyl 

phthalate may lead to central nervous system depression and 

eventual paralysis. When dimethyl phthalate is fed to the 

rat in a dose level of 8% in the diet over 2 years, it pro

duced slight reduction in the growth of female rats. Like 

dimethyl phthalate, prolonged inhalation of the vapor of 

diethyl phthalate produces irritation of the nasal pas

sages and the mucous membrane of the upper respiratory 

tract. On the other hand, dibutyl phthalate has been given 

to the rats in the diet in a dose of 0.01%, 0.05% and 

0.25%, and the animals showed no toxic reaction for 1 year. 

However, when dibutyl phthalate dose has been increased 

in the diet to 1.25%, half of the rats used for the study 

died in the first week of the experiment while the others 

that survived grew normally and showed no toxic reaction. 

Dialkyl 79 phthalate is a plasticizer which contains a 

mixture of phthalate esters of alcohols having chain 

lengths of 7 to 9 carbons. When dialkyl 79 pathalate was 

fed to the rats for 90 days at levels of 0.5% and 1% in 

the diet, it resulted in increased liver weights. From 

this study, the authors concluded that "a 60 kg adult 

could ingest 30 mg dialkyl 79 phthalate/day without any 

apparent harm" (Autian, 197 3). 

Di-(2-ethylhexyl) phthalate (DEHP) is the most 

frequent phthalate ester in use and hence it is the 
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phthalate ester investigation in most studies. No 

irritant effects from dermal applications or sensitization 

potentials has been produced in animals or humans by di(2-

ethylhexyl) phthalate. In addition DEHP is poorly absorbed 

from the skin of the rabbit and very large concentrations 

C25 ml/kg) were needed to kill the rabbits. In a subacute 

toxicity study in the rats, DEHP was administered in the 

diet for 90 days at concentrations of 3, 1.5, 0.7%, and 

DEHP produced slight decrease in the growth of the animals. 

Because there is a possibility that workers could be ex

posed to DEHP repeatedly by inhalation, Lawrence conducted 

an experiment in which mice were exposed to DEHP by inhala

tion route 1 hour three times a week for 12 weeks. The 

mice were observed for any changes that could appear, but 

it was noted that there was no abnormal behavior or changes 

observed during and after the experiment. However, at the 

end of the study, the lungs of the animals showed signs of 

diffuse chronic inflammation similar to a burn reaction 

(Autian,1973). 

Hepatic Effects of Phthalate 
Esters 

Generally phthalate esters cause enlargement of 

the liver. After discontinued or prolonged exposure, the 

liver returns to normal weight or less. Histopathological 

examinations on those enlarged livers showed fatty 



vacuolization and congestion which progressed to cloudy 

swelling and excessive fatty degeneration. At the same 

time dilation of the smooth and rough endoplasmic reticulum, 

mitochondrial swelling and increase in the microbodies in 

the liver of the rat were evident after oral administration 

of DEHP to the rat. In primates, DEHP given intravenously 

to rhesus monkeys resulted in liver necrosis and inflamma

tory cell infilteration. 

Mitochondria appear to be a target organelle of the 

phthalate esters. Several investigators have shown that 

phthalate esters are inhibitor of electron and energy 

transport, and uncouplers of the oxidation phosphorylation 

chain. Phthalate esters, by affecting the biotransforma

tion and biodisposition mechanisms, appear to have a sig

nificant interactions with other xenobiotics. Single 

doses of DEHP (intraperitoneally or intravenously) in

creased the sleeping time of hexobarbital and pentobarbi

tal in rats. This effect of DEHP may be attributed to an 

action of DEHP on the biotransformation and biodistribution 

of the barbiturates or on the sensitivity of the central 

nervous system towards barbiturates. However, further 

studies proved that this increase in the sleeping times 

resulted from reduced disposition of the drug rather than 

an increase in the sensitivity of the C.N.S. Also DEHP 

inhibits biological effects of parathion, an 
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organophosphate insecticides which is metabolised to an 

inhibitor of acetyl choline esterase, Paraxon. It was 

suggested that the phthalate ester affected the biotrans

formation of parathion to paraxon CSeth, 1982). In ad

dition, DEHP treated rats showed an increase in the hepa

tic cytochrome P-450 content and alcohol dehydroxylase 

activity, and a persistent inhibition of aniline hydroxy

lase activity and aminopyrine-N-demethylase activity. In 

vitro studies showed that the effects of DEHP on the enzyme 

system was mainly due to its major metabolites, mono{2-

ethylhexvl) phthalate and 2-ethylhexanol. Also dimethyl-

and dibutyl phthalates inhibited the amino-pyrine-N-

demethylase and aniline hydroxylase activities with di

methyl phthalate giving the highest effect and dibutyl 

phthalate giving the lowest effect, when compared with 

DEHP (Seth, 1982). 

Phthalate Esters as Peroxisome 
Proliferator Carcinogens 

"Peroxisomes (microbodies) are single membrane-

limited cytoplasmic organelles which functionally have 

been implicated in gluconeogenesis, lipid metabolism and 

the detoxification of ̂ 2^2(Warren ' 1982). The 

peroxisome proliferater is defined to be anything that 

could induce the proliferation of the peroxisomes. A 
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large number of xenobiotics cause proliferation of 

peroxisomes such as the hypolipidemic agent, clofibrate. 

Usually, the peroxisome proliferation is associated with 

the induction of hepatomegaly, hypotrigylceridemia and 

increased appearance of hepatocellular carcinomas. This 

led to the conclusion that the peroxisome proliferators are 

carcinogenic in nature. Di-(2-ethylhexyl) phthalate acts 

as a peroxisome proliferator and it does induce hepato

cellular neoplasms in both F-344 rats and B6C3F1 mice. 

Both DEHP and its metabolite 2-ethylhexyl alcohol have been 

proved to be a potent proxisome proliferater. The peroxi

some proliferators have been found to increase the capacity 

of the rat liver for B-oxidation of fatty acids. In par

ticular DEHP given to the rat, increased the capacity of 

the liver peroxisomes towards B-oxidation of palmitoyl-CoA 

in the liver homogenate preparations. Perioxisomal fatty 

acyl - CoA oxidation appeared to be independent of an elec

tron transport chain and resulted in the production of 

<3:'-rect transfer of electrons to (Warren et al., 

1982). The increased production of H2Q2 peroxisomal 

proliferation could result in the production of OH" cata

lysed by the cellular iron. The increased production of 

the oxygen reactive species from ^2°2 ^"s asŝ -ŝ eĉ  by *-n~ 

creasing the activity of the Uricase enzyme in the liver 

peiroxisoms which degrades the antoxidant, uric acid. 
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These unstable, highly reactive oxygen species are very 

reactive towards cellular macromolecules, especially DNA, 

and results in oxidative degradation, strand breakage and 

cross linking of the cellular macromolecules. Therefore, 

phthalate esters, as a potential peroxisome proliferators, 

do initiate cells for neoplastic transformation by increas

ing intracellular production of DNA-oxygen damaging species. 

Testicular Effects of 
Phthalate Esters 

Phthalate esters have a high potential of producing 

testicular injury. The testicular injuries produced by Di-

(2-ethylhexyl) phthalate were also produced by di-butyl, 

di-pentyl and di-hexyl phthalates with di-pentyl phthalate 

having the greatest effect. Among the testicular injuries 

produced, there were tubular atrophy, testicular degenera

tion, reduced testicular weight and reduction in the dia

meter of seminiferous tubules. ' In addition, spermatogonia 

with few spermatocytes and cessation of spermatogenesis 

were evident resulting in an anti-fertility effect in the 

experimental animals. The testicular effects of phthalate 

esters needed at least 2 weeks of continuous exposure of 

the animal to the phthalate ester. Also, the administra

tion of the monoalkyl ester as mono-butyl phthalate pro

duced a testicular damages similar to the di-alkyl ester. 



The mechanism by which phthalate esters produced testicular 

damages is quite unique because it did not appear to be 

mediated by the formation of covalent adducts in the tes

ticular tissue, of by interference in androgen synthesis, 

or the availability of gonado trophines. Therefore, ad

ministration of testosterone or serum gonadotrophines to the 

phthalate esters treated animals did not reverse the tes

ticular injury produced. It was found that the phthalate 

esters treated animals had high urinary zinc levels and 

low testicular zinc concentration. At the same time, the 

decreased zinc concentration in the testicular tissue was 

accompanied by a decrease in the activities of two testicu

lar enzymes containing zinc, alcohol dehydrogenase and 

carbonic anhydrase. In the light of these findings, the 

testicular atrophy seen in the phthalate esters treated 

animals was suggested to be due to zinc depletion from the 

testicular tissue. Further investigations on the effect 

of the alkyl group chain length ranging from c^~cg using 

the rat as the animal model showed that only diesters of 

alkyl chains of C^, C,. and Cg produced testicular injury. 

On the other hand, esters of alkyl chains shorter than 

butyl and longer than hexyl was proved to be inactive in 

this respect with the exception of di-(2-ethylhexyl) 

phthalate (Gangolli, 1982). 
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Absorption and Distribution 
of Phthalate Esters 

Phthalate esters can be absorbed from the intestinal 

tract and the intraperitoneal cavity. However, dermal and 

pulmonary tissues would not be predicted to be major barrier 

of phthalate esters absorption from the skin and the lung 

due to the lipophilic nature of the phthalate ester struc

tures. A study on the rabbit skin showed that the dermal 

absorption of the higher molecular weight esters was low 

while the low molecular weight esters such as diethylphtha-

late showed some absorption with 9% of the dose applied on 

the skin being excreted in the urine during the first 24 

hours (Autian, 1973). However, quantitative and qualita

tive data on dermal and pulmonary absorption of most of the 

phthalate esters are not available or nonexistent at the 

present time (Kluew, W. M. , 1982a & b). 

In general, phthalate esters are well absorbed from 

the intestine after oral administration. After an oral 

dose of dibutyl phthalate urinary excretion was 90% within 

48 hours as compared to 45% of di-(2-ethylhexyl) phthalate 

(Thomas, 1978). On the other hand, phthalic acid showed 

incomplete absorption after oral administration. Although 

the two ester linkages in the structure of dialkyl phthal

ate are available to enzymatic hydrolysis with the gener

ation of phthalic acid, the preferred hydrolysis in the 

gut produced the monoalkyl phthalate. The intestinal 
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tissue, lumen contents, and pancreatic secretions are rich 

in esterase enzyme activity and readily hydrolyze the di- . 

alkyl phthalate to monoalkyl ester. Thomas (1978), proved 

that mono-(2-ethylhexyl) phthalate is the most predominant 

absorbed species from the intestine after oral administra

tion of di(-2-ethylhexyl) phthalate sence esterases are dis

tributed in the body, perhaps all the routes of exposure 

(dermal, inhalation, oral, etc.) to phthalate esters re

sult in exposure primarily to the monoesters. 

Most of the distribution studies have been made on 

di-(2-ethylhexyl) and dibutyl phthalates. Those studies 

showed that both esters were rapidly cleared from the body 

with the bulk excreted during the first 24 hours and total 

clearance within 3-5 days (Kluwe, 1982a) . Also, no spe

cific tissue accumulation or prolonged tissue retention 

were evident. Fat, absorptive organs (gastrointestinal 

tract) and excretory organs (.kidney, liver and gastro

intestinal tract) were the initial depotes for the dialkyl 

ester and its metabolites. However, further investiga

tions showed that the mono-(2-ethylhexyl) phthalate was 

not readily deposited in the adipose tissue suggesting 

that the amount of the ester present in the adipose tis

sue contained mainly the dialkyl ester form. The excre

tory organs accumulate the ester and its metabolites 

mainly as a mechanism of excretion. Continuous exposure 
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to di-(2-ethylhexyl) phthalate in the diet resulted in 

steady state concentration in the liver and fat in 2 weeks 

(Kluwe, 1982a). In addition, the placental transfer of 

dialkyl phthalate esters resulted in concentrations of 

phthalate esters in the fetal tissue similar to that in the 

maternal tissue. Also, the lipophilic nature of the phthal

ate esters allows them to be partitioned into high fat 

fluids such as breast milk. Therefore, the fetal tissue 

and the nursing off-springs are exposed to the phthalate 

esters to which the mother is exposed (Kluwe, 1982b). 

Metabolism and Excretion of 
the Phthalate Esters 

Dialkyl phthalate esters are metabolised mainly to 

the corresponding mono-alkyl ester by the regular de-

esterification mechanisms in many tissues. But only liver 

tissue was able to metabolize the dialkyl ester to free 

phthalic acid. As the length of the alkyl side chain of 

the phthalate ester increased, the ability to form phthal

ic acid metabolite decreased (Kluwe, 1982a). Dimethyl 

phthalate was mainly excreted as phthalic acid or its con

jugate while di-(2-ethylhexyl) phthalate formed only a 

small amount of phthalic acid. Dimethyl and dibutyl 

phthalate could also be excreted in the urine unchanged 

and/or as mono alkyl phthalate. However, long alkyl chain 



esters require modification to increase polarity before 

they can be excreted in the urine. Usually, the long chain 

alkyl group undergoes B-oxidation resulting in the forma

tion of alcohol moity at the end of the chain while it is 

still attached to the phthalate moity. Furthermore, oxi

dation of the alcohol moity to aldehyde, ketones or acid 

is evident (Kluwe, 1982b). Usually, the mono-ester and the 

phthalic acid are excreted in the urine as glucuronide con

jugates (Kluwe, 1982b). Mono-(2-ethylhexyl) phthalate was 

mainly excreted as glucuronide conjugate in the ferret, 

monkey, man, hamster, guinea pig and mouse while the rats 

failed to glucuronidate MEHP before further transformation 

(mainly Beta-oxidation of the residual alkyl chain). The 

reason for the inability of the rat to glucuronidate MEHP 

is unknown (Kluwe, 1982b). Generally, the metabolism of 

phthalate esters is qualitatively unaffected by the route 

of administration. 

In primate species, including man, and rodents, 

phthalate esters are mainly excreted in the urine. Fecal 

elimination has been evaluated after oral administration 

but whether the fecal materials represent unabsorbed ma

terial or biliary excreted species has not been ascertain

ed. Therefore, the fecal elimination of the phthalate 

esters after administration by non-oral routes will indi

cate the extent of fecal excretion of absorbed phthalate 
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esters. In case of dibutyl phthalate, 44% of an orally 

administered dose is excreted by the rat in the bile during 

the first 24 hours. However, 5% of the dose is eliminated 

in the feces. This suggests that most of the biliary ex

creted species was re-absorbed and excreted in the urine 

(88% of the dose appeared in the urine during the first 

24 hours). Bilary metabolites of dibutyl phthalate include 

monobutyl phthalate, monobutyl phthalate glucuronide and 

oxidized derivatives of monobutyl phthalate glucuronide 

(Kluwe, 1982b). The rapid clearance and low potentials of 

tissue accumulation of the phthalate ester may be the 

reasons of their low toxicities in both acute and chronic 

studies. 

However, the widespread use of phthalate-esters in 

cosmetic preparations requires that more information be 

obtained on the dermal absorption of phthalate esters. In 

this study, the dermal absorption of various phthalate 

esters was examined. A primary questions was the effect 

of the length of the alkyl side chain on the extent of ab

sorption. Phthalate diesters with alkyl chain length 

ranging from to C^Q atoms were examined. 

The Mammalian Skin 

Usually skin is overlooked when assessing the im

portance of individual organs or tissue for the maintenance 
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of homeostasis, but it is in fact the largest organ in the 

human body. And traditionally, skin has been considered 

to be a passive, inert structural barrier. This remarkably 

resistant, tough membrane has unique characteristics for 

protection against the environment and has multiple enzyme 

systems capable of metabolizing both endogenous and exo

genous materials. It is capable of modifying the pharma

cological effects of topically applied drugs and chemicals. 

Also, such metabolic activity may alter the profile of 

environmental chemicals entering the body by percutaneous 

absorption. 

Mammalian skin consists of 2 distinct tissue com

ponents: the thinner, outer, stratified epithelium, the 

epidermis, and the thicker underlying dermis. It also con

tains sweat glands, sebaceous glands and hair follicles. 

Each of these structures are located primarily in the der

mis but derived embryologically from the epidermis. 

1. Epidermis: consists of basal layer of germinating 

keratinocytes in direct contact with the dermis, 

and a variable number of differentiating squamous 

cells which are in continuous movement outward 

towards the skin surface. Keratinization, "epi

dermal differentiation," is a process in which 

Keratinocytes migrate upwards from the basal epi

dermal layer producing keratin (fibrous protein). 



Other protein is the stratum corneum 

interfilamentous matrix protein also produced 

during keratinization.These proteins arrive at 

the stratum corneum layer and remain for a period 

of time before being shed into the environment. 

The stratum corneum appears to be the major epi

dermal barrier because removal of this layer 

greatly enhances the percutaneous absorption of 

topically applied substances. 

2. The Dermis: The dermis almost seems tranquil 

(d.f. epidermis which is highly active, replicat

ing and differentiating layer). It is thicker 

than the epidermis and contains lymphocytes, 

leukocytes and mast cells. In addition, the der

mis is rich in blood vessels and nerves which are 

absent in the epidermis. This high vascularity 

make the dermis important in regulation of the 

body temperature and as a site for cutaneous in

flammation due to skin injury. 

Skin Absorption 

P. H. Dugard has defined skin absorption as "skin 

absorption or skin penetration is the passage of molecules 

from the medium in contact with one face of the stratum 

corneum to the medium outside the other face," Marzulli 
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and Malbach (1983, p. 91). The keratinized stratum corneum 

layer does not have an active transport mechanism or other 

facilitated diffusion mechanisms. So, absorption through 

the skin is believed to be via a passive diffusion mechan

ism and the diffusion across the stratum corneum is the 

rate limiting step for the dermal absorption of various 

chemicals. The driving force for movement of the penetrant 

molecules across the stratum corneum is the concentration 

gradient of the penetrant molecules between the two sides 

of the stratum corneum. This concentration gradient is 

dependent in part on the dose applied on the skin and on 

how fast the penetrant molecules are cleared by the body 

mechanisms from the site of absorption. These clearance 

mechanisms involve the skin metabolism, removal by blood 

stream and by radial diffusion through the skin. 

Parameters that Affect In Vivo 
Percutaneous Absorption 

Drug Concentration and 
Surface Area 

The concentration of the applied dose and the sur

face area of application are very effective parameters that 

can change the percutaneous absorption of the applied dose. 

In most cases, as the concentration of the applied dose 

increases, the efficiency of absorption (percent) is in

creased. However, this can be affected by the 



24 

physiochemical properties of the compound applied, the 

stereochemistry and steric conformation of the compound 

applied, and the nature of the absorption process. Further-

more, the increase in the surface area of application will 

result in increasing the percent of the compound absorbed. 

In our study, a fixed surface area of application and ap

proximately the same dose range were used for all the com

pounds tested. 

Skin Site of Application 

In both humans and animals, the skin site of appli

cation determines the absorption efficiency of the compound 

applied. Table 2b outlines some data derived from in vivo 

absorption of hydrocortison after application to various 

anatomical sites. This data is of practical significance 

in showing that increased total absorption is found for 

neck, head and axilla where both cosmetics and environmen

tal exposure are higher. 

Occlusion 

If the site of application is occluded, the per

cutaneous absorption is increased. Occlusion can be main

tained with bandaging or with a vehicle such as ointment. 

Occlusion hanges the hydration and the temperature of the 

skin area of application and prevents wiping off or evapor

ation of the applied compounds. In our study, 



Table 2b. Penetration of hydrocortison in humans at 
various anatomic sites 

Anatomic Site Penetration Ratio 

Forearm (ventral) 1.0 

Forearm (dorsal) 1.1 

Foot 0.14 

Ankle 0.42 

Palm 0.83 

Back 1.7 

Scalp 3.5 

Axilla 3.6 

Forehead 6.0 

Jaw angle 13.0 

Scrotum 42.0 

From Marzulli, Francis N., Maibach, Howard I., 1983 
(after Feldmann and Maibach, 1967) . 
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non-occlusion technique is used and aeration is maintained 

to simulate as much as possible the normal skin environment. 

Skin Condition 

Damaged or diseased skin will show a different ab

sorption profile of percutaneously applied compounds when 

compared to intact healthy skin. The stratum corneum layer 

constitutes the major barrier function for percutaneous 

absorption and the loss of this barrier function will dra

matically increase the percutaneous absorption. 

Vehicle 

The partitioning of the compound applied to the 

skin between the dose vehicle and the skin layers af

fects the percutaneous absorption to such an extent that 

the type of the dose vehicle should be very carefully 

chosen. The best example of a vehicle that enhances the 

percutaneous absorption is the Dimethyl Sulfoxide (DMSO) 

which readily permeates the skin. In our study, all doses 

are made in ethyl alcohol as a vehicle and applied directly 

to the skin. The alcohol is allowed to evaporate rapidly 

leaving a film of the compound under investigation on the 

skin. Thus, the partitioning of the compound between the 

vehicle and the skin no longer exists. 
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Metabolism 

The percutaneous first-pass effect is defined as 

the metabolism of the compound as it is absorbed through 

the skin. The percentage of the absorbed dose that under

goes percutaneous metabolism depends mainly on the compound 

absorbed and the activity of the metabolising enzymes which 

can be induced or inhibited by various factors. 

Cutaneous Biotransformations 

In the past, the skin was considered as a passive 

membrane with its primary function to protect the body 

from the substances that come in contact with it. The skin 

can be described in terms of three basic layers: epider

mis, dermis and subcutaneous fat. The outermost layer of 

the epidermis, the stratum corneum, acts as the major bar

rier of percutaneous absorption. The viable epidermis, 

that in intimate contact with the stratum corneum, is the 

most metabolically active layer in the skin. So, sub

stances being absorbed via the stratum corneum will be 

subjected to the metabolizing enzymes in the epidermis 

before reaching the blood stream. To illustrate the cu

taneous biotransformation ability, the epidermal metabol

ism of polycyclic aromatic hydrocarbons will be described 

briefly. The polycyclic aromatic hydrocarbons (PAHs) in

duce the skin carcinomas and it is believed that the 
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metabolic activation of PAHs is the first step towards 

cancer induction. Benzo ta)pyrene (BP) underwent metabolic 

changes when applied to the human skin. Those changes are 

not only detoxification mechanisms but also activation to 

more reactive metabolites which may react with the cellular 

macromolecules. The metabolites of BP were classified into 

3 main classes; phenols, quinones and dihydrodioles (Mar-

zulli and Maibach, 1983). The phenols formed were 3- and 

9- hydroxy BP by the effect of a non-specific cytochrome 

P-450 containing enzyme known as Aromatic hydrocarbon.hy

droxylase. This enzyme required NADPH and molecular oxygen 

for optimum activity. The quinones formed were 1,6- and 

3,6- and 6,12- quinones of BP. In addition, two dihydrodi

oles were formed (7,7- and 9,10 dihydrodioles). All these 

metabolites were identified after in vitro study using hu

man skin homogenate and it does illustrate the ability of 

the skin to metabolize the xenobiotics. 

Several other studies proved that the skin con

tained the hemoprotein cytochrome P-450 and the drug 

metabolizing enzymes aryl hydrocarbon hydroxylase (AHH), 

7-ethoxycoumarin 0-deethylase, epoxid hydrolase and 

glutathione-S-transferases (.Bickers et al., 1981). Al

though the enzymatic activity of the skin is lower than 

that of the liver, it is sufficient enough to suggest that 

environmental exposure of the skin to pollutant chemicals 



could result in appreciable metabolism of certain 

substrates. Such cutaneous metabolism could be a major 
% 

contributor to the total body exposure and response to 

certain agents (Mukhtar and Bickers, 1981). 



CHAPTER 2 

METHODS AND MATERIALS 

Chemicals 

The compounds under investigation were obtained 

from different chemical companies. Dimethyl phthalate, 

diethyl phthalate and di-(2-ethylhexyl) phthalate were ob

tained from Aldrich Chemical Company, Inc., {Milwaukee, 

Wisconson). Dibutyl phthalate and phthalic acid were ob

tained from Eastman Kodak Company (Rochester, New York). 

Di-isobutyl phthalate, di-isodecyl phthalate and butyl 

benzyl phthalate were obtained from Pfaltz and Bauer Inc., 

Research Chemicals Division (Stamford, Conn.). Dihexyl 

phthalate was obtained from Chem. Service (Westchester, 

PA). The radioactive isotopes of the phthalate esters un

der investigation were synthesized in our laboratory by 

14 
Mr. Dana Perry using C-radiolabeled phthalic acid and 

14 
the appropriate alcohols. The C-radio-isotope of Butyl 

14 
benzyl phthalate and C-phthalic acid were obtained from 

Midwest Research Institute. The liquid scintillation cock

tail (Beta-phase) was obtained from WestChem, California. 

The Carbosorb that was used to trap the CO2 produced in 

the sample oxidizer, was obtained from United Technologies 

Packard. 

30 
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Animals 

The rat was chosen as the animal model in this 

dermal absorption study. Male Fischer-344 strain rats with 

a weight range of 180-220 gm were obtained from the Division 

of Animal Resources of the University of Arizona Health 

Sciences Center. 

Rat Restraint 

The restraining technique has been reproduced after 

Bronaugh, Stewart and Congden (1982a, 1982b). The rat was 

put under ether anesthesia during restraining and compound 

application procedure. Vacuum rubber tubing of internal 

diameter of 1/4" and outer diameter of 5/8" was wrapped 

around the rat chest behind its front legs, and around the 

rat abdomen right in front of its back legs. Each piece 

of rubber tubing was tied by passing a metal wire through 

the rubber tubing, then the metal wire was tied by a knot. 

This restraining procedure allows the animal to walk free

ly and permitted free access to food and water. The animal 

could not twist its body and could not wipe lick its back. 

Skin Preparation for Dosing 

The skin area in the middle of the back of the rat 

was clipped by an electric clipper and a circular area of 

1.3 cm internal diameter was used for compound application. 
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The clipping was done very carefully so there was no 

scratches or injury to the skin area of application. 

Dose Preparation and Application 

A dosage range of 30-4 0 mg phthalate ester/kg body 

weight was chosen to represent 1/100 of the P.O. or I.P. 

LD^Q of the compound investigated. The dosage solution was 

prepared in absolute ethanol (USP-grade) and spiked with 

the labeled compound. The radioactivity dose was 40 uCi/ 

kg body weight. Enough dosage solution was prepared to 

dose 10 rats and the final dosage solution volume was com

pleted to about 18 0 ul with absolute ethanol (.USP-grade) 

(for specific activities, see appendix A). The dosage 

solution was checked for its concentration of radioactivity 

after preparation and before application on the rat skin. 

The dose was applied to the rat skin with a repetitive 

pipet (e.g., Gilson pipette), the ethanol allowed to evap

orate. The area of application was covered after applica

tion of the compound, by a plastic cap of circular internal 

diameter of 1.8 cm. The cap was glued in its place by 

cyanoacrylate glue, Krazy-Glue. The top of the cap was 

perforated by a needle to allow aeration of the area of 

application during the study (ten holes were made). 
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Biological Sample Collection 

The rats were kept in metal metabolic cages 

allowing separate collection of urine and feces. For each 

compound 3 rats were used. Urine and feces" were collected 

every 24 hours for 7 days. At the seventh day the rats 

were terminated by ether anesthesia and blood withdrawal 

from the portal vein. The body organs collected were 

brain, spinal cord, lung, liver, spleen, intestine, kidney, 

testis, fat, muscle, and skin. The skin area of applica

tion was collected and analyzed separately from a sample 

of skin collected from another site on the animal (skin of 

the front leg). 

Sample Analysis 

a. Urine and urine wash were sampled (0.2-0.4 ml res

pectively) and adjusted to pH 4.5-5.5 using 

glacial acetic acid. Then, Beta-phase scintilla

tion cocktail was added and counted. 

b. Feces were digested in 0.5 N Na/OH solution, 

weighed, sampled (0.2-0.3 gm), allowed to air dry, 

oxidized in a sample oxidizer (Packard Model B306) 

and counted. 

c. Body organs were weighed and sampled (0.2-0.3 gm) 

and allowed to air dry and oxidized in a sample 

oxidizer. Blood was sampled (0.2 ml), allowed to 

air dry and oxidized in a sample oxidizer. 
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d. The skin area of application was digested in 

20 ml 2 M KOH in methanol, sampled (0.2 ml), pH 

adjusted to 4.5-5.5 using glacial acetic acid. 

Beta-phase scintillation cocktail was added and 

counted. 

e. The plastic cap was extracted for the compound 

under investigation using 10 ml 95% ethanol, and 

0.2 ml sample taken, Beta-phase added and counted. 

The radioactivity, as l4C-equivalent, was determined by 

using the liquid scintillation spectrophotometry method of 

analysis tfor calculation, see appendix C). 

With diethyl phthalate, three dosage ranges were 

investigated; the low dose was 5 mg/kg bodyweight, the 

medium dose was 50 mg/kg body weight, and the high dose was 

166.7 mg/kg body weight. With phthalic acid, two dose 

ranges were investigated; the low dose was 7.9 mg/kg body 

weight and the medium dose was 79 mg/kg body weight. How

ever, in all other experiments, only dose level was inves

tigated as mentioned before. At the same time, in the 

case of phthalic acid, diethyl phthalate and dimethyl 

phthalate experiments, another set of experiments were 

done without the use of the plastic cap to cover the skin 

area of application. 
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Scintillation Counting Procedures 

All scintillation countings were done on a Beckman 

model LS-100C. Plastic scintillation vials of 20 ml volume 

were used for scintillation counting of urine, urine wash, 

the digestate and the plastic cap extract. Glass scintil

lation vials of 20 ml volume were used for scintillation 

counting of the oxidized samples of body tissues, blood and 

feces. For the samples analysed in the plastic vials, a 

volume of 7 mis Beta-phase liquid scintillation cocktail 

was added before counting. For the samples that were 

oxidized, 4 ml Carbosorb was used to absorb the carbon 

dioxide produced and 12 ml Beta-phase liquid scintillation 

cocktail was added before counting. For each type of the 

scintillation vial and each volume of scintillation cock

tail, a separate quench curve was constructed. The quench 

curve was constructed relating the counting efficiency and 

external standard ratio (J3SR) , and used to convert the 

counts per minute („CPM) to disintegration per minute 

(DPM). Blanks were counted using the same methodology for 

every group of samples to correct for the background ac-

14 
tivity. All counting was done using the C-wide window 

for two minutes. 



CHAPTER 3 

RESULTS 

The percentage of dose excreted in the urine and 

the feces were taken as an index for the extent of dermal 

absorption of phthalic acid and phthalate esters. Back

ground information proved that phthalate esters were very 

rapidly cleared from the body after being absorped. 

Dermal Absorption of Phthalic Acid 

Phthalic acid was slowly absorbed from the skin in 

both dose levels investigated (Table 3 and Table 4). 

Maximum excretion occured in the sixth day for the low dose 

level (7.4% of the applied dose) and in the fifth and sixth 

days for the medium dose level (15.5% and 14.8% respective

ly) . Differential excretion profile studies showed that 

most of the phthalic acid absorbed was excreted in the 

urine. As the applied dose of the phthalic acid increased/ 

the amount absorbed also increased (Figure 1). This was 

true for each time point investigated, and the excretion 

profiles of the low dose level and medium dose level 

appeared almost parallel to each other. 

36 
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Table 3. Excretion profile of phthalic acid (low dose 
level) in the urine and the feces after dermal 
application to the rat* 

% Dose Excreted 

Time (hr) Urine Feces Urine & Feces 
ZJ? 

24 0.64 ± o
 

-j
 

00
 

0.08 ± 0.03 0. 72 

48 0.25 + 0. 33 0.19 ± 0.18 0.44 

72 0.44 + 0.65 0.5 ± 0.63 0. 94 

96 1.15 + 1. 35 0. 32 ± 0.08 1.47 

120 1.46 ± 0. 89 0. 96 ± 1.3 2.42 

144 5 ± 4.8 2.4 ± 1.9 7.4 

168 2.29 + 1.9 1.6 + 0.82 3.69 

Total 11.3 + 3.9 5.8 ±3.96 17.1 

*Male F-344 rats (200 ± 20 gm) received phthalic acid in 
ethanol dermally (7.9 mg/Kg). The skin was covered with 
a perforated plastic cap. Data points are the mean 
± S.D. The percentage of dose excreted represents the 
fraction of the dose found (as the 14C-equivalent) rela
tive to the total 14c-eguivalent applied. 
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Table 4. Excretion profile of phthalic acid (medium dose 
level) in the urine and the feces after dermal 
application to the rat* 

% Dose Excreted (X) 

Time (hr) Urine Feces Urine & Feces (ZX) 

24 2.7 0.12 2.82 

48 1.03 0.32 1. 35 

72 1.36 0. 51 1. 87 

96 6.57 0.74 5.31 

120 9.98 5.6 15.58 

144 5.05 9.8 14.85 

168 3.8 5.8 9.6 

Total 29 22.9 51.9 

*Male F-344 rate (200 ± 20 gm) received phthalic acid in 
ethanol dermally (79mg/Kg). The skin was covered with a 
perforated plastic cap. Data points are the mean (n = 2). 
The percentage of dose excreted represents the fraction of 
he dose found (as l^c-equivalent) relative to the total 
^C-equivalent applied. 



39 

100 
80 

60 
50 
40 

30 

20 

10 
8 

6 
5 
4 

a) 
<D 
O 
<D 
U-
a> 
£ 
"O c 
(0 

t= g-
to 

3 w 2 
oB 
£'i 

3-

TJ 
a) 

2 
o 
X 

LU 
a> 
(0 
o 
O 

1 -

0.8-

0.6-
0.5-
0.4-

0.3-

0.2-

0.1-

Phthalic Acid 

o—o Low Dose Level 

a-- -a Medium Dose Level 

Figure 1 

24 48 72 96 120144 168 Time(hr) 

The excretion profiles of phthalic acid in the urine and the feces for 7 days for the 2 
dose levels investigated. 

Male F-344 rats (200 ± 20 gm) received phthalic acid in ethanol dermally (7.9,79 mg/kg). The skin of 
application was dipped and covered with a perforated plastic cap. All the animals were kept in 
metal metabolic cages allowing separate collection of urine and feces. The percentage of the 
dose excreted represents the traction of the dose lound (as uC-equivalent) relative to the total 
"C-equivalent applied. Tim data points am the sum ol the means of the % dose excrctcd in the 
urine and the fcces. 
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Dermal Absorption of Dimethyl Phthalate 

The percentage of dimethyl phthalate dose absorbed 

from the skin appeared to be more or less constant with 

approximately 6-7.5 percent of the applied dose excreted 

every 24 hours (Table 5). The excretion started to drop 

after day five. 

Dermal Absorption of Diethyl Phthalate 

The differential excretion profiles of the three 

dose levels of diethyl phthalate investigated (5, 50, 166.7 

mg/kg) is shown in Table 6, 7 and 8. In the three dose 

levels, most of the dose (20%) was excreted in the first 

24 hours which shows rapid uptake of diethyl phthalate from 

the site of application. In addition, approximately 30-35% 

of the dose applied was excreted within 48 hours. In the 

same time, the data proved that diethyl phthalate mainly 

excreted in the urine. After 72 hours,- the % dose excreted 

was very much decreased. However, the remaining dose on 

the skin also decreased (by previous absorption, evapora

tion from the skin and uptake by the plastic cap). As the 

dose of diethyl phthalate increased, the dermal uptake of 

the ester appeared to increase (Figure 2, 3). Although 

the 24 hour data showed that the maximum uptake was in the 

case of the medium dose level, the cumulative 7 day data 
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Table 5. Excretion 
urine and 
the rat* 

profile of Dimethyl phthalate in the 
the feces after dermal application to 

Time 
(hr) 

% Dose Excreted 
Time 
(hr) Urine Feces Urine & Feces (EX) 

24 6.06 + 0.52 0.125 + 0.05 6.185 

48 7.7 ± 5.5 0.97 + 0. 01 7. 77 

72 6.7 + 1.9 0.17 + 0.07 6.87 

96 5.15 + 0.6 0.129 + 0.06 5.279 

120 6.47 ± 2.5 0.207 + 0.05 6.677 

144 4.06 + 1.2 0.1 + 0. 05 4.16 

168 2.95 + 2.7 0.08 ± 0.09 3. 03 

Total 39 ± 2.67 0. 89 + 0.23 39.89 

*Male F-344 rate (200 ± 20 gm) received dimethyl phthalate 
in ethanol dermally (33.75 rag/Kg). The skin was covered 
with a perforated plastic cap. Data points are the mean 
± standard deviation. The percentage of dose excreted 
represents the fraction of the dose found (as 14c-
equivalent) relative to the total l^Q-eguivalent1 applied. 
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Table 6. Excretion Profile of diethyl phthalate (low dose 
level) in the urine and the feces after dermal 
application to the rat* 

Time 
(hr) 

% Dose Excreted Time 
(hr) Urine Feces Urine & Feces (EX) 

24 16.4 + 0.6 0.56 + 0.39 16.96 

48 6.3 + 3.58 0.3 + 0.19 6.6 

72 2.6 + 1.55 0. 095 + 0.06 2.69 

96 1.6 + 1.29 0.2 + 0.13 1.8 

120 1 + 0.96 0.185 + 0.16 1.185 

144 1.45 + 0.83 0.24 + 0.19 1.69 

168 0.82 + 0.4 0.31 + 0.39 1.13 

Total 30. 26 + 8.7 1.87 + 0.76 32.13 

*Male F-344 rats (200 ± 20 gm) received Diethyl phthalate 
in ethanol derraally (5 mg/Kg). The skin was covered with 
a perforated plastic cap. Data points are the mean ± 
standard deviation. The percentage of dose excreted rep
resents the fraction of the dose found (as -^C-equivalent) 
relative to the total 14C-equivalent applied. 
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Table 7. Excretion profile of diethyl phthalate (medium 
dose level) in the urine and the feces after 
dermal application to the rat* 

% Dose Excreted 
Time _ 
(hr) Urine Feces Urine & Feces (EX) 

24 23.9 + 8.4 1.03 + 0.55 24.93 

48 10.8 + 2.6 0.795 + 0.35 11.59 

72 7.2 + 0.55 0.29 + 0.04 7.49 

96 2.5 + 1.16 0.1 ± 0.03 2.6 

120 1.9 + 1.45 0.09 + 0.01 1.99 

144 0.74 + 0.6 0.058 + 0.007 0.798 

168 0.57 + 0.46 0.04 + 0.009 0.61 

Total 47.8 + 7. 2.42 ± 0.88 50.22 

*Male F-344 rats (200 ± 20 gm) received diethyl phthalate 
in ethanol dermally (50 mg/Kg). The skin was covered 
with a perforated plastic cap. Data points are the mean 
± standard deviation. The percentage of dose excreted 
represents the fraction of the dose found (as 14 c-
eguivalent) relative to the total l^C-equivalent applied. 
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Table 8. Excretion profile of diethyl phthalate (high dose 
level) in the urine and the feces after dermal 
application to the rat* 

Time 
(hr) 

% Dose Excreted 
Time 
(hr) Urine Feces Urine & Feces (£X) 

24 19.06 + 11.9 1.168 + 0. 45 20.228 

48 13.5 ± 5.67 0.67 + 0.42 14.17 

72 6.67 ± 0.75 0.41 + 0.1 7.08 

96 3.22 + 0.39 0.39 + 0.13 3.61 

120 2.65 + 0.72 0.34 + 0.11 2.99 

144 2.03 + 0.95 0.31 + 0.06 2.34 

168 1.53 + 0.68 0.35 + 0.05 1.88 

Total 48.7 + 15,8 3,64 + 1.17 52.34 

*Male F-344 rate (200 ± 20 gm) received diethyl phthalate 
in ethanol dermally (166.7 rag/Kg).. The skin was covered 
with a perforated plastic cap. Data points are the mean 
± standard deviation. The percentage of dose excreted 
represents the fraction of the dose found (as 14C-
eguivalent) relative to the total 14c-equivalent applied. 
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Figure 2 The excretion profiles of diethyl phthalale in the urine and the feces for 7 days for the 3 
dose levels investigated. 

Male F-344 rats (200 + 20 gm) received diethyl phthalate in ethanol dermally (5. 50,166.7 mg/kg). 
The skin of appticalion was clipped and covered with a perforated plastic cap. All animals were 
kept in metal metabolic cages allowing separate collection of urine and feces. The percentage of 
the dose excreted represents the fraction of the dose found (as "C-equivalent) relative to the total 
"C-equivalent applied. The data poinls are the sum of the means ol the % dose excreted in the 
urine and the feces (n = 3). 
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Figure 3 The effect of Ihe dose applied of diethyl phthalate on the percentage of dose excreted 
In the urine and the feces in the first 24 hours and in 7 days. 
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showed that the maximum uptake was at the high dose level 

(Figure 3). 

The Effect of the Perforated Plastic Cap 

A comparative study was done to evaluate the effect 

of the plastic cap covering the skin area of application 

during the study versus leaving the skin area of applica

tion uncovered. As described previously, the presence of 

the plastic cap covering the skin area of application for 

phthalic acid showed maximum excretion occurring on the 

fifth day (Figure 4). However, leaving the skin area of 

application uncovered resulted in rapid excretion of 

phthalic acid through the skin with maximum uptake occur

ring in the first 24 hours (Figure 4). 

For dimethyl phthalate (the lower homologe of 

phthalic acid diesters series and the most volatile among 

them), the presence of the plastic cap covering the skin 

area of application resulted in increased recovery and 

constant excretion of the compound. Although the data in 

Figure 5 showed delayed absorption of dimethyl phthalate 

through the skin in the first 24 hours compared with the 

uncovered skin data, maximum excretion occured during the 

first 48 hours. 

In contrast with dimethyl phthalate, diethyl 

phthalate excretion was not affected by the presence or 
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The excretion profiles of phthalic acid in the urine and the feces for 7 days in the 
presence and absence of the plastic cap on the skin area of application. 

Male F-344 rats {200*20 gm) received phthalic acid in ethanol dermally (79 mg/kg), The skin of ap
plication was clipped and covered with a periorted plastic cap/or left uncovered. All animals were 
kept in metal metabolic cages allowing separate collection of urine and feces. The percentage of 
the dose excreted represents thp fraction of the dose found (as "Cequivalent) relative to the total 
"C-equivalent applied. The data points are the sum of the means of the % dose excreted in the 
urine and the feces (n = 2). 
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Dimethyl Phthalate 

o—o Capped 

a—a Uncapped 

120 144 168 Time (hr) 
Figure 5 The excretion profiles of dimethyl phthalate In the urine and the feces for 7 days in the 

presence and the abscence of the plastic cap on the skin area of application. 

Male F-344 rats (200 + 20 gm) received dimethyl phthalate in ethanol dermally (33.75 mg'kg). The 
skin of application was clipped and covered with a perforated plastic cap/or left uncovered. All 
animals were kept in metal metabolic cages allowing separate collection of urine and feces. The 
percentage of the dose excreted represents the fraction of the dose found (as "C equivalent) 
relative to the total "C-equivalcnt applied. The data points arc the sum of the means of the % dose 
in the urino and the feces (n = 3). 
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absence of the plastic cap on the skin area of application, 

in the first 24 hours (Figure 6). However the excretion 

in the subsequent time points was much higher with plastic 

cap covering the skin area of application. A surprising 

result was the higher percentage of dose excreted in day 

five and six in case of the uncovered area of application 

than the covered area of application. 

Table 9 shows that the effect of the presence of 

the plastic cap on the skin area of application, on the 

total recovery of the phthalate esters after dermal applica

tion. The data shows that the presence of the plastic cap 

did result in a higher percentage of recovery in the case 

of the phthalate esters used in the comparative study. 

Dermal Absorption of Pi-(n)-butyl Phthalate 
and Di-isobutyl Phthalate 

The excretion profiles of dibutyl phthalate shows 

that maximum excretion occured in the first 24 hours which 

reflects rapid uptake of the compound {Table 10). On the 

other hand, the maximum excretion of di-isobutyl phthalate 

occured in 48 hours which may reflect delayed uptake of 

the compound (Table 11). Both excretion profiles of 

dibutyl- and di-isobutyl phthalate prove that the main 

route of excretion is the urine. These results show the 

effect of the alkyl chain branching on the dermal uptake 

of the compound. 
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animals were kept in metal metabolic cages allowing separate collection of urine and feces. The 
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relative to the total 1,lC-equivalent applied. The data points are the sum of the means of the % 
dose found in the urine and the feces (n = 3). 



Table 9. Total percentage recovery of the dose applied on the skin of the rat of 
the phthalate ester 

Phthalic Acid Diethyl Phthalate 

Low Medium Medium Low Low Medium High 
Phthalate dose dose dose , dose dose dose dose 
Ester (capped) (capped) (uncapped) (capped) (uncapped) (capped) (capped) 

Total 81.08 73. 85 26.194 88.58 77.57 
recovery* ±2.91 72.57 98.04 ± 21. 377 ± 3,1 ± 19.1 ± 11.6 

Dimethyl phthalate 
Di-(2-

Phtha Medium Medium Di-iso- ethyl-a Di-iso- Butyl 
late dose dose dibutyl- butyl-a dihexyl- hexyl)- decyl Benzyl 
ester (capped) (uncapped) phthalate phthalate phthalate phthalate phthalate phthalate 

Total 
re 65.7 21.76 99.721 92.94 78.3 105 82.73 86,85 

covery + 26.23 ± 7.5 ± 3.092 ± 7.38 ± 6,06 ±16,6 ± 12,15 ±2,98 

*Total recovery represents the sum of the % dose found in the urine, the feces, the tissues, and 
the plastic cap (if any) in 7 days of exposure to the phthalate ester. Data represents the mean 
± standard deviation, n = 3 except the medium dose level of phthalic acid where the data repre
sents the mean, n = 2. 
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Table 10. Excretion 
urine and 
the rat* 

profiles of dibutyl phthalate in the 
the feces after dermal application to 

Time 
(hr) 

% Dose Excreted Time 
(hr) Urine Feces Urine & Feces (SX) 

24 10.9 + 0.5 1.13 ± 0.5 12. 03 

48 7.7 + 0.8 1.7 + 0.4 9.4 

76 7.9 + 0.5 1.8 + 0.6 9.7 

96 7.6 + 2.1 1.3 + 0.8 8.9 

120 6.9 + 0,9 1.06 ± 0,25 7.96 

144 5,4 + 0,3 0.94 0,23 6.36 

168 5.4 + 0.6 1. + 0.31 6.4 

Total 52.2 + 5.2 8.8 + 0.5 61. 

*Male F-344 rate (200 ± 20 gm) received dibutyl phthalate 
in ethanol dermally (30.5 mg/Kg). The skin was covered 
with a perforated plastic cap. Data points are the mean 
± standard deviation. The percentage of dose excreted 
represents the fraction of the dose.found (as 14^-
equivalent) relative to the total C-equivalent applied. 
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Table 11. Excretion profile of di-isobutyl phthalate in 
the urine and the feces after dermal applica
tion to the rat* 

Time 
(hr) Urine 

% Dose Excreted 

Feces Urine & Feces (EX) 

24 6.3 + 0.9 1 + 0.4 7.3 

48 9.1 + 2. 23 1.75 + 4 10.85 

72 7.9 ± 1.33 1.56 + 0.3 9.46 

96 6.8 + 1.11 1.39 + 0.196 8.19 

120 4.8 + 0.3 1.06 + 0.14 5. 86 

144 4.87 + 0.13 0.94 ± 0.18 5.81 

168 2.46 + 0.25 0.591 ± 0.3 3.05 

Total 42.4 + 5. 39 8.3 ± 0.54 50.7 

*Male F-344 rats (200 ± 20gm) received di-isobutyl 
plthalate in ethanol dermally (37.49 mg/Kg). The skin 
was covered with a perforated plastic cap. Data points 
are the mean ± standard deviation. The percentage 
dose represents the fraction of the dose found (as C-
equivalent) relative to the total -^C-equivalent applied. 
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Dermal Absorption of Dihexyl Phthalate 
and Pi-(2-ethylhexyl) Phthalate 

The data in Table 12 show that the maximum excretion 

of dihexyl phthalate occured at 48-72 hours which may 

reflect a delayed uptake of the compound by the skin. How

ever, Di-(2-ethylhexyl) phthalate excretion profile (Table 

13) shows very slow dermal absorption of the compound with 

maximum absorption occurring in day three (only 1.69% of 

the dose applied). 

Dermal Absorption of Di-isodecyl Phthalate 
and Butyl Benzyl Phthalate 

The excretion of Di-isodecyl phthalate is very low 

with only 0.04% of the applied dose excreted in the feces 

in the first 24 hours (0.012 mg/kg). The urine showed no 

evidence for the presence of di-isodecyl phthalate and only 

0.5% of the applied dose was excreted in the feces after 

7 days of exposure (Table 14). On the other hand, Butyl 

Benzyl phthalate appeared to be absorbed from the skin 

with maximum excretion occuring in 48 hours and was 

excreted mainly in the urine (Table 15). 

Cumulative Excretion Profiles of Phthalate 
Diesters and Phthalic Acid 

Phthalate esters and phthalic acid appeared to be 

continuously absorbed dermally on exposure of the skin. 

Only the cumulative excretion of diethyl phthalate leveled 
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Table 12. Excretion profile of Dihexyl phthalate in the 
urine and the feces after dermal application 
to the rat* 

Time 
(hr) Urine 

% Dose Excreted 

Feces Urine & Feces (ZX) 

24 1.38 + 0.58 1.24 + 0,089 1.62 

48 3.05 + 0.02 0.44 + 0.14 3.49 

72 3.08 + 0.47 0. 41 0.05 3.49 

96 2.61 + 0.71 0.48 + 0.05 3.09 

120 2.34 + 0.75 0.48 + 0.15 2.82 

144 2.48 + 0.4 0.49 ± 0.12 2.97 

168 1.3 + 0.25 0.45 + 0.14 1.75 

Total 16.26 + 1,92 2.9 ± 0.24 19.16 

*Male F-344 rats (200 ± 20 gm) received dihexyl phthalate 
in ethanol dermally (.30 mg/Kg) . The skin was covered 
with a perforated plastic cap. Data points are the mean 
± standard deviation. The percentage of dose excreted 
represents the fraction of the dose.found (as 14c-
equivalent} relative to the total -C equivalent applied. 
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Table 13. Excretion profile of DEHP in the urine and the 
feces after dermal application to the rat* 

% Dose Excreted 

Time thr) Urine Feces Urine & Feces (EX) 

24 0.28 + 0.07 0.14 + 0.02 0.42 

48 0.57 + 0.1 0.2 + 0.16 0.77 

72 0.64 + 0.22 0.29 + 0.26 0.93 

96 1. ± 0.6 0.69 0.33 1.69 

120 0.5 + 0.07 0.8 0.35 1.3 

Total 2.99 + 1.05 2.12 + 0.74 5.11 

*Male F-344 rats (200 ± 20 gm) received DEHP in ethanol 
detmally (30 mg/Kg). The skin was covered with a perfor
ated plastic cap. Data points are the mean ± standard 
deviation. The % dose excreted represents the fraction 
of the dose found as the -^C-equivalent relative to the 
total 14C-equivalent applied. 
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Table 14. Excretion profile of di-isodecyl phthalate in 
the urine and the feces after dermal application 
to the rat* 

% Dose Excreted 

Time (hr) Urine Feces 

24 0.04 + 0.01 

48 0.057 + 0.021 

72 0.06 + 0.02 

96 0.062 ± 0.021 

120 0.098 + 0.072 

144 0.073 + 0.046 

168 0.099 ± 0.077 

Total 0.49 ± 0.246 

*Male F-344 rats (200 ± 20 gm) received di-isodecyl 
phthalate in ethanol dermally (30 mg/kg). The skin was 
covered with a perforated plastic cap. Data points are 
the mean ± standard deviation. The percentage of dose 
excreted represents the fraction of the dose found (as 
14c-equivalent) relative to the total 14c-equivalent 
applied. 



59 

Table 15. Excretion profile of butyl benzyl phthalate in 
the urine and the feces after dermal applica
tion to the rat* 

% Dose Excreted 

Time (hr) Urine Feces Urine and Feces (EX) 

24 3.2 + 0.66 0.41 + 0.1 3.61 

48 5.4 + 0.7 0.71 + 0.1 6.11 

72 3.07 + 0.6 0.58 ± 0.07 3. 65 

96 3. 88 + 0.48 0. 635 + 0.07 4.515 

120 3.72 + 0.7 0.638 + 0.1 4.358 

144 3.18 + 0.28 0.7 + 0.1 3.88 

168 3.1 + 0.9 0.6 + 0.04 3.7 

Total 25.96 + 1.77 4.3 dt 0.323 30.26 

*Mal'e F-344 rats (200 ± 20 gm) received butyl benzyl-
phthalate in ethanol dermally (31.6 mg/kg). The skin was 
covered with a perforated plastic cap. Data points are 
the mean ± standard deviation. The percentage of dose 
excreted represents the fraction of the dose found {as 
14c-equivalent) relative to the total l^C-equivalent 
applied. 
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after five days of exposure (Figure 7). The differential 

excretion profiles of phthalate esters and phthalic acid 

are shown in Tables 16 and 17. 

Body Tissue Distribution of Phthalate 
Esters and Phthalic Acid 

The percentage of dose found in the body tissues 

for most of the phthalate esters investigated was between 

0.5-1.5% after 7 days of continuous exposure of the skin of 

the rat to the compounds studied (Tables 18-25). This was 

not true in case of butylbenzyl phthalate which gave a 

cumulative body tissue concentration of about 5% (Table 25). 

The differential body tissue distributions showed that the 

fat, the skin and the muscle had most of the dose present 

in the body tissues. In the case of Butylbenzyl phthalate, 

4.64% of the dose applied was found in the muscle (Table 

25). At the same time, the brain and spinal cord tissues 

appeared to have much higher amounts of butylbenzyl 

phthalate species than any other tissue except the muscle 

tissue. In the case of dimethyl phthalate and diethyl 

phthalate, the presence of the plastic cap covering the 

skin area of application resulted in a higher percentage 

of dose on the skin when compared with the skin area of 

application being left uncovered. This shows the effec

tiveness of the plastic cap for protecting the compound 

from being lost from the area of application. In all the 
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Table 16. Cumulative (urine) excretion profiles of the phthalate esters under 
investigation 

Compound/Days 12 3 4 5 6 7 

DMP 6. ,06 13. ,76 20. ,46 25. ,61 32. ,08 36, ,14 39. ,09 

DEP 23. ,9 34. .7 41. ,9 44. .4 46. ,3 47. .04 47, .61 

DBP 10. ,9 18. ,6 26. .5 34. .1 41 46, .4 51. .8 

DIBP 6. ,3 15. .4 23. ,3 30. .1 34. ,9 39. ,77 42. .23 

DHP 1. .38 4. .43 7. .5 10. .12 12. .46 14, .94 16, .24 

DEHP 0, .28 0. .85 1. .49 2. ,49 2. .99 

DIDP 0, .00 0, .00 0. .00 0, .00 0. .00 0, .00 0, .00 

BBP 3, .2 8, .6 11. .67 15. .55 19, .27 25, .55 25, .55 

Phthalic acid 2, .7 3, .73 5. .09 9. .66 19, .64 28, .49 28, .49 

Data represents the % dose excreted (as -^C-equivalent) and they are the sum of 
the means of the % dose excreted in the urine. 

01 
to 



Table 17. Cumulative feces excretion profiles of the phthalate esters under 
investigation 

Compound/Days 1 2 3 4 5 6 7 

DMP 0.125 0.195 0.365 0.496 0.701 0.801 0.88 

DEP 1.03 1.825 2.11 2.21 2.3 2.36 2.4 

DBP 1.13 2.83 4.63 5.93 6.99 7.93 8.9 

DIBP 1 2.75 4.31 5.7 6.76 7.7 8.29 

DHP 0.24 0.68 1.09 1.57 2.05 2.54 2.99 

DEHP 0.14 0.34 0.63 1.32 2.12 

DIDP 0.04 0.097 0.157 0.219 0.317 0.39 0.49 

BBP 0.41 1.12 1.7 2.335 2.97 3.67 4.27 

Phthalic acid 0.12 0.44 0.95 1.69 7.29 17.09 22.89 

Data represents the % of dose excreted (as 14c-equivalent) and they are the sum of 
the means of the % dose excreted in the feces. 
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Table 18. Body tissue distribution after 7 days of dermal 
exposure to phthalic acid 

% Dose Pound (X ± S.D., n = 3) 

Medium Dose # Medium Dose # 
Low Dose 79 mg/kg 79 mg/kg 

Tissue 7.9 mg/kg with Cap Uncapped 

Brain 0. 01 + 0. 0049 0. 006 0/0008 

Lung 0. 049 + 0. 0014 0. 0075 0.0002 

Liver 0. 024 + 0. 0016 0. 0035 0.01 

Spleen 0. 002 + 0. 001 0. 00015 0.0001 

Small Intestine 0. 029 ± 0. 022 0. 0153 0.0002 

Kidney 0. 013 ± 0. 011 0. 0016 0.0006 

Testis 0. 0031 ± 0. 0016 0. 0076 0.001 

Fat 0. 09 ± 0. 047 0. 0188 0.04 

Muscle 0. 84 ± 0. 62 0. 225 0.15 

Skin 0. 632 ± 0. 27 0. 0003 0.11 

Spinal Cord 0. 004 ± 0. 001 0. 0883 0.0007 

Blood 0. 031 ± 0. 0143 0. 0067 0.0034 

Skin Area of 
Application 61. 007 ± 1. 67 17. 56 1.843 

Plastic Cap 1. 05 ± 1. 601 2. 683 — 

Total Recovery* 81. 08 ± 2. 91 72. 57 98.04 

#Data represented as the mean, 

*Total recovery represents the 
urine, the feces, the tissues 
after 7 days of exposure. 

n = 2. 

sum of the % dose found in the 
and the plastic cap {if any) 
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Table 19. Tissue distribution of dimethylphthalate after 
7 days of dermal exposure 

% Dose Found (X ± S.D.) 

Tissue Capped Uncapped 

Brain 0.016 ± 0.02 0.007 + 0.005 

Lung 0.009 ± 0.01 0.004 + 0.002 

Liver 0.047 + 0.06 0.023 + 0.029 

Spleen 0.004 + 0.04 0.002 + 0.002 

Small Intestine 0. 014 ± 0.018 0.006 + 0.007 

Kidney 0.024 + 0.03 0.004 + 0.003 

Testis 0.016 4- 0.018 0.006 0.005 

Fat 0.27 ± 0.27 0.106 + 0.056 

Muscle 0.6 ± 0.75 0.339 + 0.386 

Skin 0.4 + 0.39 0.111 + 0.069 

Spinal Cord 0. 003 0.003 0.002 ± 0.002 

Blood 0.156 + 0.154 0.05 + 0.048 

Skin of 
Application 18.9 + 22.7 0.128 + 0.111 

Plastic Cap 5.356 + 2.87 

Total Recovery 65.7 + 26.235 21.748 + 7.5 

*Total recovery represents the sum of the % dose found in 
the urine, the feces, the tissues and the plastic cap 
(if any) in 7 days. 

*Dose applied was 33.75 mg/kg. 



Table 20. Body tissue distribution of 7 days of exposure to diethylphthalate 

% Dose Found (X ± S.D.r n = 3) 

Low Dose Low Dose Medium Dose High Dose 
5 mg/kg 5 mg/kg 50 mg/kg 166.7 mg/kg 

Tissue (Capped) (Uncapped) 

Brain 0. 005 ± 0.004 0. 003 + 0. 001 0. 002 + 0. 001 0 .009 ± 0. 002 
Lung 0. 003 + 0.002 0. 002 + 0. 001 0. 002 + 0. 001 0 .004 + 0. 001 
Liver 0. 012 + 0.004 0. 014 + 0. Oil 0. 008 0. 005 0 .021 i 0. 003 
Spleen 0. 037 4* 0.061 0. 002 ± 0. 001 0. 001 ± 0. 001 0 .002 + 0. 00 
Small Intestine 0. 003 ± 0.003 0. 007 + 0. 003 0. 004 ± 0. 002 0 .012 + 0. 005 
Kidney 0. 005 ± 0.003 0. 005 + 0. 001 0. 004 ± 0. 001 0 .009 + 0. 003 
Testis 0. 002 + 0.002 0. 006 + 0. 001 0. 002 ± 0. 00 0 .005 + 0. 003 
Fat 0. 073 ± 0.069 0. 138 + 0. 03 0. 033 + 0. 029 0 .108 ± 0. 013 
Muscle 0. 155 + 0.136 0. 213 + 0. 022 0. 137 0. 072 0 .349 + 0. 095 
Skin 0. 072 + 0.063 0. 164 + 0. 062 0. 061 + 0. 018 0 .307 + 0. 313 
Spinal Cord 0. 001 0.001 0. 002 + 0. 001 + 0 .002 + 0. 001 
Blood 0. 05 0.015 0. 026 + 0. 007 0. 004 + 0. 005 0 .064 + 0. 009 
Skin of 
Application 26. 85 + 22.8 1. 09 ± 0. 996 33. 67 + 24. 28 15 .94 + 15. 3 
Plastic Cap 14. 4 + 4.7 4. 774 + 3. 153 9 .26 ± 8. 64 
Total Recovery* 73. 85 + 21.3 26. 194 + 3. 1 88. 588 + 19. 137 77 .57 + 11. 6 

*Total recovery represents the sum of the % dose found in the urine, the feces, 
the tissues and the plastic cap (if any) after 7 days of exposure 
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Table 21. Body tissue distribution after 7 days of 
exposure to dibutylphthalate 

Tissue % Dose Found (X ± S.D.) 

Brain 0.016 + 0.0025 

Lung 0.013 ± 0.004 

Liver 0.106 + 0.016 

Spleen 0.005 ± 0.001 

Small Intestine 0. 064 ± 0.026 

Kidney 0.034 ± 0.0034 

Testis 0.045 ± 0.071 

Fat 0.407 ± 0.07 

Muscle 1.05 ± 0.16 

Skin 1.46 ± 1.02 

Spinal Cord 0. 03 

Blood 0.224 ± 0.03 

Skin of Application 32.99 ± 2. 345 

Plastic Cap 2.198 ± 2.04 

Total Recovery* 99.721 i 3.09 

*The total recovery represents the sum of the % dose 
found in the urine, the feces, the tissues and the 
plastic cap in 7 days. 

*The dose applied was 30 mg/kg. 
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Table 22. Tissue distribution of di-isobutylphthalate 
after 7 days of dermal exposure 

Tissue % Dose Pound (X ± S.D.) 

Brain 0.02 ± 0.01 

Lung 0.02 ± 0.02 

Liver 0.045 0.017 

Spleen 0.002 + 0.001 

Small Intestine 0.016 + 0.008 

Kidney 0.023 ± 0.003 

Testis 0.005 ± 0.001 

Fat 0.112 0.031 

Muscle 0.224 + 0.089 

Skin 0.191 ± 0.12 

Spinal Cord 0.008 + 0.005 

Blood 0.039 + 0.006 

Skin of Application 35.574 ± 13.616 

Plastic Cap 5.92 ± 0.532 

Total Recovery* 92.94 7.38 

*The total recovery represents the sum of the % dose 
found in the urine, the feces, the tissues and the 
plastic cap in 7 days. 

*Dose applied was 37.49 mg/kg. 
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Table 23. Tissue distribution of dihexylphthalate after 
7 days of dermal exposure 

% Dose Found (X ± S.D.) Tissue % Dose Found (X ± S.D.) 

Brain 0.004 + 0.003 

Lung 0.004 + 0.001 

Liver 0.023 + 0.006 

Spleen 0. 002 + 0.001 

Small Intestine 0.01 + 0.005 

Kidney 0.01 0.002 

Testis 0.002 + 0.001 

Fat 0.079 + 0.047 

Muscle 0.107 + 0.035 

Skin 0.578 + 0.38 

Spinal Cord 0.004 + 0.003 

Blood 0.034 + 0.004 

Skin of Application 54.496 + 3.273 

Plastic Cap 3.77 + 1.247 

Total Recovery* 78.3 + 6.069 

*The total recovery represents the sum of the % dose 
found in the urine, the feces, the tissues and the 
plastic cap in 7 days. 

*Dose applied was 30 mg/kg. 
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Table 24. Tissue distribution of di-(2-ethyl hexyl) 
phthalate and di-isodecyl phthalate after 
7 days of dermal exposure 

% Dose Found (X ± S.D., n = 3) 

Tissue DEHP DIDP 

Brain 0. 006 + 0.005 0. 08 ± 0.08 

Lung 0. 005 + 0.006 0. 015 + 0.08 

Liver 0. 063 0.017 0. 058 + 0.032 

Spleen 0. 001 + 0.0003 0. 002 + 0.002 

Small Intestine 0. 161 + 0.158 0. 019 ± 0.011 

Kidney 0. 012 + 0.001 0. 01 0.01 

Testis 0. 002 ± 0.001 0. 006 + 0.003 

Fat 0. 066 + 0.028 0. 149 0.027 

Muscle 1. 162 + 0.22 0. 338 + 0.05 

Skin 0. 298 + 0.286 0. 095 + 0.035 

Spinal Cord 0. 002 + 0.0001 0. 034 ± 0.027 

Blood 0. 023 + 0.001 0. 015 + 0.003 

Skin Area of 
Application 86. 74 + 16.98 75. 88 + 1 

Plastic Cap 12. 163 + 3.48 5. 571 + 2.77 

Total Recovery* 105. 8 + 16.602 82. 73 + 12.196 

*Total recovery represents the sum of the % dose found in 
the urine, the feces, the tissues and the plastic cap 
in 7 days. 

*Dose applied was 30 mg/kg. 
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Table 25. Tissue distribution of butyl benzyl phthalate 
after 7 days of the dermal exposure . 

Tissue % Dose Found (x ± S.D., n = 3) 

Brain 0.129 ± 0.075 

Lung 0.012 0.007 

Liver 0.073 + 0.021 

Spleen 0.003 + 0.002 

Small Intestine 0.047 + 0.004 

Kidney 0.025 + 0. 002 

Testis 0.011 + 0.003 

Fat 0.172 + 0.085 

Muscle 4.64 3.7 

Skin 0. 082 + 0.03 

Spinal Cord 0.39 + 0.042 

Blood 0.022 + 0.19 

Skin Area of Application 44.96 + 6.23 

Plastic Cap 6.37 + 0.83 

Total Recovery* 86.85 + 2.98 

*Total recovery represents the sum of the % dose found in 
the urine, the feces, the tissues and the plastic cap 
in 7 days. 

*Dose applied was 31 mg/kg. 
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rats receiving the phthalate esters investigated, the skin 

area of application had a fraction of the applied dose 

after 7 days which proves the continuous exposure of the 

skin to the compound for the entire 7 days. In all the 

experiments, the plastic cap was extracted for the presence 

of the compound under investigation and it was found that 

the plastic cap had 1-6% of the applied dose except in the 

case of di-(2-ethyl hexyl) phthalate where the cap contains 

about 12% of the applied dose. 

The Effect of the Alkyl Group Chain Length 
on the Dermal Absorption of the 

Phthalate Esters 

The uptake of the phthalate esters dermally, 

appears to be dependent on the chain length and geometry 

of the ester alkyl side chain (Figures 8, 9 and 10). In 

the first 24 hours, diethyl phthalate showed the most rapid 

uptake as measured by the excretion of the dose in the 

urine and the feces (Figure 10). However, for 7 days of 

exposure, dibutyl phthalate showed the most rapid uptake 

(Figure 10). 
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Phthalate Diesters 
Figures The effect of the chain length of the phthalate diesters on the extent of the dose ex

creted in the urine and the feces in 24 hours. 

Male F-344 rats (200 ± 20 gm) received a phthalate ester in ethanol dermally (medium dose level 
1/100 of the P.O. or I.P. LDW). In each experiment, the hair on the skin area of application was 
clipped, the compound applied, then covered with a perforated plastic cap. Alt animals were kept 
in metal metabolic cages allowing separate collection of urine and feces. Data points are the 
mean ± standard deviation (n = 3). 



74 

« 
aT 
o 
r-
c 
•a 
<d 
2 
o 
X 
LU 
Q) 
CO 
O 
Q 

63i 
60 
57 H 
54 
51 
48-
45-
42-
39-
36-
33 

30-
27-
24-

21-

18-

15 

12 

9 
6 -

3-

0 

o 
ii 
C—O—R 

C—O—R 
II 
o 
E3 Urine 
E Feces 

'A 

* 

fP 

Phthalate Diester 

Figure 9 The effect of the chain length of the phthalate diesters on the extent of the dose ex
creted in the urine and the feces in 7 days. 

Male F-344 rats (200 ±20 gm) received a phthalate ester in ethanol dermally (medium dose level 
1/100 of the P.O. or I.P. LD«<,). In each experiment, the hair on the skin area of application was 
clipped, the compound applied, then covered with a perforated plastic cap. All animals were kept 
in metal metabolic cages allowing separate collection ot urine and feces. Data points are the 
mean * standard deviation (n = 3). 
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Figure 10 

Phthalate Diester 
The effect of the chain length of the phthalate diesters on the extent of the dose ex
creted in the urine plus the feces in 24 hours and 7 days. 

Male F-344 rats (200 ± 20 gm) received a phthalate ester In ethanol dermally (medium dose level 
1/100 of the P.O. or t.P. LOw). In each experiment, the hair on the skin area of application was 
clipped, the compound appiied, then covered with a perforated plastic cap. All animals were kept 
in metal metabolic cages allowing separate collection of urine and feces. Data points are the 
mean ± standard deviation (n = 3). 



CHAPTER 4 

DISCUSSION 

In an in vivo dermal absorption study, there are 

two major techniques to measure the percutaneous absorption 

(Chow, 1978). The first technique is the "disappearance" 

technique which measures the amount of the dose remaining 

on the skin after certain times. This method has the dis

advantage that it cannot distinguish between compound 

absorbed from compound lost from the skin by evaporation. 

The second technique is the "excretion" technique which 

measures the dose that appears in the urine, feces, 

exhaled air (if the compound is expired) and that remaining 

in the carcass and at the site of application. This second 

technique correlates better with toxicity tests and models 

the actual exposure situation. It also suffers from uncer

tainty of the dost resulting from evaporation. That is, 

the percent of dose absorped is not really accurate as the 

initial dose continues to decrease with increasing evapora

tion. However, an estimate of the material lost from the 

skin can be estimated even though it cannot be corrected. 

This second technique was used in this study. 
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In this study, we tried to apply and improve a 

previously introduced animal model for percutaneous absorp

tion studies and we have reached a fixed and reproducible 

technique. Among the factors that affect the percutaneous 

absorption are the anatomic site of application, tempera

ture, humidity, nature of the vehicle, the presence of a 

disease or injury and the loss of the compound under in

vestigation externally. Dortman (1979) proved the impor

tance of keeping the compound under investigation in 

continuous contact with the skin of application and the 

physical protection of the compound against external loss. 

This is necessary to measure the dermal absorption of a 

compound in vivo, particularly if this compound shows slow 

but continuous absorption over a relatively long time. The 

use of a perforated plastic cap (non-occlusive device) to 

cover the area of application seems to minimize the external 

loss of phthalate esters. This decrease in external loss 

is seen in dimethyl and diethyl phthalate experiments. The 

percentage recovery was 65.7 and 73.8 respectively versus 

21.7 and 26.1% total recovery in case of the uncapped ex

periment. The perforated cap was designed to prevent 

wiping the compound from the skin area of application and 

to allow air access. If an occlusive device such as 

aluminum foil or plastic wrap were used, studies have 
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shown an increase in the temperature and the humidity of 

this area of the skin (Marzulli and Malbach, 1983). These 

changes alter the absorption rate of the xenobiotics from 

the skin (Marzulli, 1983 and Arita, 1970). In 1969, Arita 

et al. conducted a study to examine the effect of increas

ing the temperature on the dermal absorption of salicyclic 

acid and carbinoxamine (base) and concluded that as the 

temperature increased, the percutaneous absorption of both 

compounds increased. It is less likely that skin tempera

ture and humidity increased with the perforated cap al

though they were not measured. It is possible that the 

perforated cap may have produced a dead air space above 

the skin and thus reduced evaporation. 

The effect of the cap is not clear in case of 

phthalic acid experiment as the excretion profiles changed 

dramatically in the presence of the platic cap. At the 

same time, the total percentage of recovery is much higher 

in the case of the uncapped experiment. It is difficult 

to understand these findings. Such an effect could be 

attributed to the availability of the phthalic acid on the 

skin (in the uncapped models) for oral consumption by the 

rat. With the restraining system used, this is unlikely 

but further experiments will test this possibility by 

covering the application site with a perforated metal cap 

or by totally restraining the animal and not use any cap. 
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The effect of increasing the concentration of the 

compound applied is indicated in diethyl phthalate and 

phthalic acid experiments. Generally, those data indicates 

that the percutaneous absorption is a factor in the concen

tration of the applied dose; as the concentration increases, 

the dermal uptake increases. Arita et al. (1970) found 

that the concentration of the applied dose does not change 

the extent of dermal absorption when they applied three 

dose levels of salicylic acid and carbinoxamine on the 

guinea pig abdominal skin. Although we see an increase of 

absorption of phthalic acid as the dose increased from 

7.9 mg/kg to 79 mg/kg, the results do not differ signifi

cantly from each other (p > 0.05). However, in case of 

diethyl phthalate as the dose increased, the amount ab

sorbed increased in the 7 days cumulative data (r = 0.969). 

Also, the results do differ significantly from each other 

in every time point except the 24 hours time point 

(p < 0.05) . The increase in the 7 day uptake in the case 

of high dose level in comparison with medium dose level of 

diethylphthalate may be attributed to the decrease in the 

fraction of the dose lost by evaporation in the case of 

the high dose level. The amount of vapor above a sample 

is independent on the amount of liquid, thus, a larger 

fraction of compound may be lost by evaporation from 

smaller amounts of material on the skin. 
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The dermal absorption of the phthalate esters varies 

with the chemical structure of the molecule and reaches an 

apparent maximum at dibutylphethalate. Both the chain 

length and the branching of the alkyl side chains are fac

tors in percutaneous absorption. There are many physioco-

chemical properties of the chemical molecules that depend 

upon the length and stereochemical configuration and these 

properties may determine the dermal absorption. Among 

these properties are the octanol/water partition coeffi

cient, viscosity and molecular size. 

In 1970, Arita et al. conducted a study showing 

that the percutaneous absorption increases as the lipo-

philocity of the compound applied increases. Thus the 

percutaneous absorption should increase as the organic/ 

aqueous partition coefficient of the chemical molecules 

increased. In the same time, Leyder (1983) has determined 

the octanol/water partition coefficient for most of the 

phthalate esters (Appendix C), and they reach to a conclu

sion that as the chain length of the alkyl side chain 

increases, the octanol/water partition coefficient and 

hence the lipophilicity of the phthalate esters increase. 

Our data agree in part with these studies and their con

clusions as the order of dermal absorption follows parti

tion coefficient; dermal absorption of dibutyl phthalate > 



di-isobutyl phthalate > diethyl phthalate > dimethyl 

phthalate (partition coefficients are 4.57, 4.11, 2.35, 

1.53 respectively). This decrease in percutaneous absorp

tion of dimethyl and diethyl phthalate relative to dibutyl 

phthalate may be a misleading conclusion because of the 

relative volatility of dimethyl and diethyl esters (remark 

that the percutaneous uptake of diethyl phthalate is 

greater than dibutyl phthalate in 24 hours). However, der 

mal absorption decreases as the chain length increases 

above four carbons for the compounds in this study. So, 

this may lead us to the conclusion that the percutaneous 

uptake of the phthalate esters may be independent on their 

octanol/water partition coefficient or that other factors 

may be important. This may be also true in the case of 

the heterogenous phthalate esters as butyl benzyl phtha

late which shows a lower percutaneous absorption than di

butyl and di-isobutyl phthalate and in the same time 

butyl benzyl phthalate has a greater o/w partition coef

ficient and larger molecular size (Leyder, 1983). 

The dermal uptake of the liquid xenobiotics may 

also depend on their viscosity. As the viscosity of the 

compound increases, the dermal uptake may decrease. 

It has been shown that the dermal uptake is a passive dif

fusion process through the stratum carneum layer 
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(Marzulli and Mallach, 1983). As the intermolecular 

forces increase, the viscosity increases and hence the dif

fusion ability decreases. However, there is no available 

data describing the viscosity parameter of phthalate esters 

and the effect of changing the chain length on the visco

sity parameters. We may assume that as the chain length 

increases the viscosity of the compound increases and hence 

the dermal uptake may decrease based on this factor. 

Furthermore, as the chain length of the phthalate 

esters increased in size above four carbons, the dermal 

absorption decreases. The dermal absorption of di-isodecyl 

phthalate (branched alkyl chain) is almost nil in 7 

days. Tregear (1966) stated that there is no limiting size 

above which the molecules are excluded from the stratum 

corneum and this membrance does not behave as though 

"porous." However, our data could be interpreted that 

there is a size limitation to dermal absorption. On the 

other hand, there is another process that determine the 

dermal uptake process since it is proved to be a passive 

diffusion process (Bronaugh, 1982a). This other determi

nant factor is the existence of concentration gradient 

between the two faces of the stratum corneum layer. If 

the removal of the absorbed molecules by the blood stream 

from the stratum corneum is fast enough, the concentration 



83 

gradient will be pushed in favour of more dermal absorption. 

The removal of the absorbed molecules may be a factor in 

formation of more hydrophilic species (monoester, oxidized 

product, conjugate, etc.). Kluwe (1982a) studied the ef

fect of the alkyl chain length on the extent and the rate 

of metabolism of the phthalate esters. They concluded that 

the rate of metabolism decreased as the alkyl chain length 

increased. With this in mind, we can conclude that the 

dermal uptake of the phthalate esters may be also dependent 

on their rate of metabolism because our data show that the 

dermal uptake decreases after alkyl side chain length of 

C4" 

In the case of phthalic acid, oar data show an in

crease in the percent of dose excreted with time which 

indicate that the dermal uptake is increased because phth

alic acid species are rapidly cleared from the body. 

Phthalic acid is an irritant molecule to the skin and mu

cous membrances (Merk Index, 1976) . Therefore, the con

tinuous exposure of the skin to phthalic acid may result 

in permenant damage to the stratum corneura layer and this 

damage may increase with time. As there may be damage in 

the stratum corneum layer, this layer will lose its bar

rier properties and result in increasing the uptake of 

the phthalic acid. Although phthalic acid has a smaller 

size than its esters, the initial rate of absorption of 
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phthalic acid is slower than its esters (up to alkyl 

side chain). This slower uptake may be attributed to the 

fact that phthalic acid is a solid compound while the esters 

are liquids. In case of solid structures, the intermole-

cular forces are stronger and the distance among the mole

cules are much shorter than in the case of liquid structures. 

Bronaugh et al. (1982a, 1982b) and Arita et al. 

(1970) found that there is an initial transient high up

take followed by a permanent steady state in the process 

of percutaneous absorption. This time lapse before reach

ing the steady state is essential until a state of equili

brium is reached between the percuntaneous absorption and 

the compound removal from the site of absorption by the 

biological system. In the phthalate esters dermal absorp

tion data, we can not identify a steady state to be 

reached. This may be due to the rapid clearnace of the 

compound species after being absorbed or the state of 

equilibrium between uptake and removal needs more time to 

be reached (i.e., more than 7 days). The phthalate esters 

percutaneous absorption does not appear to be first order 

kinetic because the rate of absorption is high in the be

ginning and decreased dramatically later on. But explana

tion of the decrease of the rate of absorption and 

definition of the pharmacokinetic mechanism need further 
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studies and they could not be determined by the type of 

the data available after this study. 

In conclusions, the restraining model used in this 

study seems to be successful and stable model for in vivo 

dermal absorption study. The use of a perforated plastic 

cap to cover the skin area of application proves to protect 

the compound applied against external loss. Several factors 

may determine the rate and extent of the percutaneous ab

sorption of the phthalate esters. Among these factors are 

the organic/aqueous partition coefficient, viscosity and 

molecular size. Those factors are dependent and determined 

mainly by the change in the chain length of the alkyl group 

in the phthalate esters. As the alkyl chain length in

creases from to C^, the o/w partition coefficient, the 

viscosity and the molecular size of the phthalate esters 

increase and at the same time the percutaneous absorption 

increases. However, as the alkyl chain length increases 

above four carbons, the dermal uptake decreases although 

the o/w partition coefficient, the viscosity and the mole

cular size still increase. At the same time, the metabol

ism of the phthalate esters to more hydrophilic species 

and the integrity of the stratum corneum layer may also 

determine the process of dermal uptake of this group of 

compounds. 



APPENDIX A 

THE SPECIFIC ACTIVITY AND DOSES OF THE 
PHTHALATE ESTERS IN THIS STUDY 

Specific activity of the 
Compound dosage solution Dose applied 

Dimethyl phthalate 0.25 mci/m mole 33. 75 mg/Kg 

Diethyl phthalate 
low dose level 
medium dose level 
high dose level 

1.768 
0.144 
0.054 

mci/m 
mci/m 
mci/m 

mole 
mole 
mole 

5 
50 

166. 7 

mg/Kg 
N/N 

mg/Kg 

Dibutyl phthalate 0.253 mci/m mole 30. 5 mg/Kg 

Di-isobutyl phthalate 0.267 mci/m mole 37. 49 mg/Kg 

Dihexyl phthalate 0.536 mci/m mole 30 mg/Kg 

Di-(2-ethylhexyl) phthalate 0.474 mci/m mole 30 mg/Kg 

Di-isodecyl phthalate 0.692 mci/m mole 30 mg/Kg 

Benzyl butyl phthalate 0.472 mci/m mole 31 mg/Kg 

Phthalic acid 
low dose level 
medium dose level 

0.916 
0.107 

mci/m 
mci/m 

mole 
mole 

7. 
79 

9 mg/Kg 
mg/Kg 
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APPENDIX B 

METHOD OF CALCULATION USED TO DETERMINE 
14 

THE PERCENTAGE OF DOSE AS C-EQUIVALENT 

1. Convert ESR to % efficiency by the following equation: 

% Eff. = (Slop)(ESR) + (Intercept). 

2. Convert Cpm to dpm by the equation: 

dpm = cpm 
* % EFF. 

3. Determine % of dose from the following sequence of 

calculation: 

dPm = dpm/gm tissue 
sample weight 

dpm/gm X total organ wt. = total dpm in the organ 

Total dpm _ Totai uci the organ 

2.2 x 10 dpm 
ucx 

^C"*" • x 100 = % of dose found in that organ. 
Total dose in uci 
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APPENDIX C 

AQUEOUS SOLUBILITY AND OCTANOL/WATER 
PARTITION COEFFICIENT OF SOME 
PHTHALATE ESTERS (Leyder 1983) 

Compound Aqu. Solubility (ug/ml) Log P 

Dimethyl phthalate 4290 1.53 

Diethyl phthalate 928 2.35 

Di-isobutyl phthalate 20.3 4.11 

Di-butyl phthalate 10.1 4.57 

Dipentyl phthalate 0
 

• H
 

1 O
 

• 00
 

4.85 

Butyl Benzyl phthalate 2.82 4. 91 

Di- (2-ethyl hexyl) phthalate 0.04 9.64 
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