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PREFACE

A memorandum of understanding has been signed by two government agencies in 
the  United S ta te s  and Sweden - th e  D iv is ion  of Standards Development and 
Technology T ransfer of the  N ational I n s t i t u t e  fo r  Occupational Safety  and 
H ealth , U.S. Department of Health  and Human S ervices  (DSDTT/NIOSH), and the  
C r i t e r i a  Group, the  N ational I n s t i t u t e  of Occupational H ealth  (NIOH). The 
purpose of the  memorandum i s  to  exchange inform ation  and e x p e r t i s e  in  the  
a rea  of occupational s a f e ty  and h e a l th .  One product of t h i s  agreement i s  
the  development of documents to  provide the  s c i e n t i f i c  b a s is  fo r  
e s ta b l i s h in g  recommended occupational exposure l im i t s .  The exposure l im i t s  
w i l l  be developed se p a ra te ly  by the  two c o u n tr ie s  according to  t h e i r  
d i f f e r e n t  n a t io n a l  p o l i c i e s .

This document on the  h e a l th  e f f e c t s  of occupational exposure to  d i(2 -  
e th y lh e x y l)p h th a la te  (DEHP) i s  the  second product of t h a t  agreement. The 
document was w r i t te n  by Per Garberg, Johan Hogberg, Ingvar Lundberg, and 
Per Lundberg (NIOH) and was reviewed by the  C r i t e r i a  Group and by 
DSDTT/NIOSH.

Richard W. Niemeier 
Acting Director/DSDTT 
NIOSH

Bo Holmberg
C hairm an/C rite ria  Group 
NIOH
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(The l i t e r a t u r e  i s  followed to  August, 1987.)

D ie thy lhex y lph tha la te  (DEHP), a d i e s t e r  of p h th a l ic  a c id ,  i s  used p r im ari ly  
as a so f te n e r  in  p l a s t i c s ,  p r im a r i ly  fo r  po lyviny l c h lo r id e  (PVC). Smaller 
amounts a re  used as lu b r ic a n ts .  Occupational exposure occurs during the  
production  of DEHP, during the  ad d i t io n  of DEHP to  p l a s t i c s ,  and in  the  
p rocessing  of so ftened  p l a s t i c s .

1 INTRODUCTION

2 IDENTITY, PHYSICAL AND CHEMICAL PROPERTIES

The f a c t s  and f ig u re s  in  t h i s  sec t io n  a re  taken from the  following 
re fe re n c es :  23, 33, 45, 49, 53, 6 6 , 79, 8 8 , 102, 113, 121, 122, 125

ch2 ch3

S tr u c tu r a l  formula:
C00CHo CHCH0CH0CH0CH
COOCH2 CHCH2CH2 CH2CH3

2 2 2 3
I

CH2 CH3

Molecular formula: C„,H_„0,
Z4 Jo  4

Molecular weight: 390.62

Common synonyms: 1 ,2-Benzenedicarboxylic  ac id  b is (2 -e th y lh ex y l)  e s t e r
(CAS name); P h th a l ic  ac id  b is (2 -e th y lh e x y l)  e s t e r  
(IUPAC name); BEHP; 1 ,2-Benzenedicarboxylic  ac id
b is (e th y lh e x y l)  e s t e r ;  b i s ( 2 -e thy lhex y l)  1 , 2 - 
benzenedicarboxylate;  b i s ( 2 -e th y lhex y l)  e s t e r  of 
p h th a l ic  ac id ;  b i s ( 2 -e th y lhex y l)  p h th a la te ;  d i ( 2 -
e thy lhexy l)  o r th o -p h th a la te ;  d i(e th y lh ex y l)
p h th a la te ;  DEHP; d io c ty l  p h th a la te ;  DOP; e thy lhexy l
p h th a la te ;  2 -e thy lhexy l p h th a la te ;  o c ty l  p h th a la te ;  
p h th a l ic  ac id  d io c ty l  e s t e r .
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CAS r e g i s t r y  number: 117-81-7.

3 3Conversion f a c to r s :  1 ppm = 15.87 mg/m ; 1 mg/m = 0.063 ppm.

Melting p o in t: - 46 °C (p o ur-po in t)

Boiling  p o in t: 370 °C (101.3 kPa)

236 °C (1 .33 kPa)

F lash  p o in t:  

D ensity:

Vapour p re ssu re :

231 °C (0.67 kPa) 

425 °C (open cup) 

0.98 g/ml (20 °C) 

0.0013 kPa

DEHP i s  a co lo u r le s s  to  yellow, o i ly  l iq u id  a t  room tem perature  and normal 
atmospheric p re ssu re .  DEHP i s  a v a i la b le  in a v a r ie ty  of te c h n ic a l  grades.

The s o lu b i l i t y  of DEHP in  water i s  low, 0 .3 -0 .4  mg/1 a t  20-25 °C, i t  i s
much l e s s  so lu b le  in  s a l t  w ater. DEHP i s  m isc ib le  w ith  most common organic 
so lv en ts  and i t  i s  more so lu b le  in  blood than w ater. DEHP i s  l ip o p h i l i c  and 
the  d i s t r i b u t i o n  r a t i o  in  dichloromethane - Krebs b ica rbona te  b u f fe r  i s  
1130. The log n -o c tano l-w a te r  p a r t i t i o n  c o e f f i c i e n t  i s  3-4.

3 OCCUPATIONAL EXPOSURE TO DEHP DURING MANUFACTURE, FORMULATION, OR USE

Few da ta  on occupational exposure to  DEHP have been rep o r ted .

In a p h th a la te  manufacturing ind u s try  where DEHP was produced from p h th a l ic
anhydride and a lco ho ls ,  L iss  e t  a l  (56) measured 8 -h  time-weighted average

3workplace a i r  concen tra t ions  of DEHP of 0 .02 -4 .1  mg/m among 6 h eav ily  
exposed workers. F o rty -fou r  o th e r  workers in  the  same p la n t  had exposures 
below th e  l im i t  of d e te c t io n .
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In  an I t a l i a n  fa c to ry  fo r  production  of n -b u ty l  p h th a la te ,  iso b u ty l
p h th a la te ,  and DEHP, G i l i o l i  e t  a l  (36) measured t o t a l  p h th a la te  exposure

3co n cen tra t io ns  between 1 and 60 mg/m with an average a i r  concen tra t ion
3(no t s t a te d  whether a r i th m e t ic  or geometric) around 5 mg/m .

Nielsen  e t  a l  (64) measured t o t a l  p h th a l ic  ac id  e s t e r s  in  a i r  in  a PVC-
processing  ind u s try  in  Sweden where d iiso d e c y l  p h th a la te ,  DEHP, and some

3bu ty lb enzy lp h th a la te  were used. C oncentrations between 0.01 and 2.0 mg/m 
were recorded in  96 2-hour personal  samples from 54 workers.

Air concen tra t io ns  of t o t a l  p h th a la te s  were measured in  a Russian PVC-
processing  p la n t  using mainly d ib u ty l  p h th a la te  and h igh er  a lk y l  p h th a la te s
but a lso  some DEHP and o th e r  p h th a la te s .  C oncentrations between 1.7 and 66 

3mg/m were recorded (59).
3DEHP a i r  concen tra t ions  between 0.09 and 0.16 mg/m were rep o r ted  from a 

German fa c to ry  fo r  p h th a la te  production  (110).

4 KINETICS AND METABOLISM

4.1 Absorption

Experiments w ith  r a d io a c t iv e  ( ^ C - la b e le d )  DEHP have in d ica te d  t h a t  a t  
l e a s t  50% of th e  r a d io a c t i v i t y  of a s in g le  o r a l  dose (2 .9  mg/kg) i s
absorbed in  the  r a t  i n t e s t in e  s ince  42 % and 14 % were excre ted  in  u r in e
and in b i l e ,  re sp e c t iv e ly  (27). The same authors a lso  found t h a t  DEHP was 
ra p id ly  hydrolyzed by p an c rea t ic  l ip a s e ,  in d ic a t in g  the  p o s s ib i l i t y  t h a t  
DEHP i s  hydrolyzed in the  gut before  abso rp t ion . DEHP a n a ly s is  in  l i v e r  
f u r th e r  supported t h i s  supp os ition  in  t h a t  no unmetabolized DEHP was found 
in  l i v e r  a f t e r  ad m in is t ra tio n  of sm aller (<0.4 g/kg) o r a l  doses. At h igher 
doses (>0.5 g/kg) the  analyses were p o s i t iv e  ( 8 ) .  At a dose of 2 g/kg given 
p .o .  to  r a t s  the  b i o a v a i l a b i l i t y  of DEHP was 14% as measured with a HPLC
technique in  blood. When a h igher dose (4 g/kg) was given i . p . ,  only 5% was
recovered in  blood, again in d ic a t in g  a ro le  fo r  h yd ro ly s is  in  the  gut in  
th e  k in e t i c s  of DEHP (77). Experiments w ith  p .o .  ad m in is t ra t io n  of MEHP 
ind ica ted  t h a t  t h i s  m e tabo li te  was w ell absorbed (109). R adioactive  MEHP or
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DEHP was given to  r a t s  and 16 tim es more r a d io a c t i v i t y  from MEHP than from 
DEHP was recovered in  plasma.

P .o . ad m in is t ra t io n  of DEHP to  young r a t s  (1 g/kg) lead  to  a la rg e r  MEHP 
area  under th e  plasma concen tra t ion  time curve than in  o ld e r  r a t s  when 
measured with gas chromatography (103), in d ica t in g  e i t h e r  a more rap id  
h y d ro ly s is  of DEHP or a more e f f i c i e n t  abso rp tio n  of MEHP in  young r a t s .

The system ic a v a i l a b i l i t y  of DEHP is  low (5% when 4 g/kg was given) a f t e r
i . p .  ad m in is t ra t io n .  R e la t iv e ly  low amounts of MEHP were recovered in  blood 
in  these  experiments (77).

4.2  D is t r ib u t io n

In travenous ly  ( i . v . )  adm inistered  DEHP i s  r a p id ly  e l im ina ted  from blood. 
This has been demonstrated in  experiments where ra d io a c t iv e  DEHP was 
in je c te d  i . v .  and blood le v e ls  were followed by TLC (92). At' a low dose 
(0 .1  mg/kg) th e re  was an i n i t i a l  phase with  a h a l f - t im e  of 4 .5  min and a 
second phase with a h a l f - t im e  of 22 min. At a h igher dose (200 mg/kg) the  
i n i t i a l  phase had a h a l f - t im e  of 9 min. This in d ica ted  t h a t  DEHP was taken 
up in  a t i s s u e  compartment by a s a tu ra b le  process (92). R a d io ac t iv i ty  from 
DEHP was ra p id ly  d i s t r ib u t e d  to  l i v e r ,  c a rc a s s ,  lung and spleen when 
adm in istered  i . v .  (27, 92).

P e ro ra l ly  adm inistered  DEHP i s  mainly d i s t r i b u t e d  as MEHP (77, 109). In the  
l i v e r  unmetabolized DEHP was recovered only a f t e r  high doses (>0.5 g/kg) of 
DEHP, in d ic a t in g  a th re sh o ld  phenomenon in  i t s  absorp tion  and d i s t r ib u t io n  
(1 , 8 ) .  Severa l re p o r ts  in d ic a te  t h a t  DEHP is  more or l e s s  completely 
hydrolyzed in  the  gut ( 8 , 27, 77, 109). The d is p o s i t io n  k in e t i c s  of MEHP 
have been analyzed by Pollack  e t  a l  (77) and by Teirlynck  and B elpa ire  
(109) who found th a t  the  peak concen tra t ion  of MEHP in blood was reached 15 
min a f t e r  p .o .  or i . p .  ad m in is t ra t io n  of MEHP (77). The h a l f  time of MEHP 
in  blood or plasma i s  s h o r te r  than fo r  DEHP (77, 109). The in  v i t r o  plasma 
p ro te in  binding of MEHP i s  ex tens iv e  (103).

Newborn in fa n ts  rece iv ing  exchange t ra n s fu s io n s  may reach plasma le v e ls  of 
about 10 Mg/ml of DEHP (104). This lev e l  i s  about twice as high as those 
found in  leukaemia p a t i e n t s  rece iv ing  p l a t e l e t  co n cen tra tes  and about f iv e
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tim es as high as le v e ls  found in haemodialysed p a t i e n t s .  A fte r  t rea tm en t 
t h i s  l e v e l  ra p id ly  f e l l  to  about 3 Mg/ml w ith in  2 hours , and then a fu r th e r  
drop with a h a l f - t im e  of about 1 2  hours (104).

4 .3  Metabolism

DEHP i s  hydrolyzed in  v i t r o  by p an c rea t ic  l ip a s e  to  MEHP (27), in d ica t in g  
t h a t  t h i s  metabolism mainly occurs in the  gut lumen. In  r a t s  about 80% of a 
p .o .  dose of DEHP undergoes m o n o-d e -e s te r i f ica t io n  (77), while 
i n t r a a r t e r i a l l y  adm in istered  DEHP was only slowly converted to  MEHP (77). 
The h yd ro ly s is  in  r a t  l i v e r  has been s tud ied  with  both nega tive  (27) and 
p o s i t iv e  ( 6 ) r e s u l t s .

MEHP may be f u r th e r  metabolized in  the  gut w all (77) or o the r  organs. Rat 
l i v e r  c e l l s  in  c u l tu re  as w ell as the  i n t a c t  r a t  converts  MEHP to  sev era l  
m e tab o li te s  (7 , 55). The <i>- and w -l-carbon  o x id a t ion  products c o n s t i tu te  
more than 85% of th e  m etab o li tes  (7 , 55, 60). The e th y l  s id e  chain may a lso  
be oxid ized  (55). I t  has been suggested t h a t  o j-ox idation  leads to  a product 
which i s  fu r th e r  metabolized by p -ox ida tion  in the  peroxisomes (7 , 55). A 
n o n - l in e a r  dose-dependency of t h i s  metabolism in  the  r a t  has been observed; 
the  dominating ro le  of u>-oxidation over co-1 -o x id a tio n  was increased  by high 
doses of MEHP (55).

14Small amounts of ra d io la b e l  derived  from 2 - e th y l - ( l -  C )-hexy l- labe led  DEHP 
was recovered in  a DNA f r a c t io n  ( 8 ) .  However, the  m e tab o li te  re sp o ns ib le  
fo r  t h i s  r a d io a c t i v i t y  or the  na tu re  of i t s  binding was no t f u l ly  explored .

There a re  marked animal spec ies  d i f fe re n c e s  in  the  metabolism of DEHP. Thus 
the  ^ -o x id a t io n  seems to  p lay  a dominate ro le  in  the  r a t  and guinea pig ( 8 , 
54, 55) , but seems to  be a minor pathway in  the  mouse, ham ster, green 
monkey, cynomolgus monkey, and marmoset ( 8 , 54). In  u r in e  of DEHP t r e a te d  
r a t s ,  no conjugated m etab o li tes  have been d e te c te d .  A minor p o r t io n  i s  
conjugated in  the  hamster and a major p o r t io n  i s  conjugated in  the  
marmoset, mouse, guinea p ig ,  green monkey and, man ( 8 , 54). Only
g lucuronides have been found in  these  sp ec ies  ( 8 ).
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The amount of unmetabolized MEHP excre ted  in  u r in e  a ls o  v a r ie s  considerab ly  
between sp ec ie s ;  i t  i s  low in the  r a t  and ham ster, but high in  mouse, 
guinea p ig ,  green monkey and man ( 8 ) .

Repeated o ra l  ad m in is t ra t io n  of DEHP or MEHP a t  high doses (500 mg/kg) to  
r a t s  leads to  a change in  the  m etabolic  p r o f i l e .  There was an inc rease  in 

-ox id ized  m e tabo li tes  and a decrease in  co-1-oxidized m etab o li tes  (55). 
Drug m etaboliz ing  enzyme a c t i v i t i e s  have been s tud ied  a f t e r  DEHP 
a d m in is t ra t io n  and in  some cases changes have been observed (2 , 37, 119).

The same m e tab o li tes  as those  found in r a t  u r ine  can be d e tec ted  in  human 
u r in e .  One study on i . v .  in je c te d  DEHP ( 8 ) and one on o r a l l y  adm inistered  
DEHP (90) ind ica ted  t h a t  man m etabolizes DEHP by to and 0) -1 -ox id a tio n  as 
well as by oxidation  of the  e th y l  s ide  chain . However, th e  U) -o x id a t io n 
pathway seems to  be a minor pathway in  man. More than  h a l f  of the  
m e tab o li te s  recovered in  human u r in e  were conjugated m e tab o li te s  ( 8 , 90).

Time-averaged concen tra tions  of DEHP, MEHP and p h th a l ic  ac id  in blood, 
rep o r ted  fo r  p a t i e n t s  undergoing maintenance hem odialysis , were 1 .9 , 1.3 
and 5.2  Mg/ml re sp e c t iv e ly  (76). These p a t i e n t s  a re  considered  to  be a t  
r i s k  of p o te n t i a l  DEHP t o x i c i t y  through prolonged c on tac t  periods with 
medical p l a s t i c  products t h a t  con ta in  DEHP. The r e l a t i v e l y  high c i r c u la t in g  
le v e l  of p h th a l ic  acid  may in d ic a te  an a l t e r e d  metabolism of DEHP in  uremic 
p a t i e n t s  (76).

Levels of DEHP and MEHP in  plasma were s tud ied  in  newborn in fa n ts  rece iv ing  
blood exchange t r a n s fu s io n s .  In one case the  MEHP h a l f - l i f e  was the  same as 
fo r  DEHP (about 12 h o u rs ) ,  in d ic a t in g  t h a t  the  h yd ro ly s is  of DEHP was the  
r a t e  l im it in g  metabolic  s te p .  However, in  o th e r  ch i ld ren  th e  h a l f - t im e  of 
MEHP was longer than t h a t  of DEHP, suggesting  a low ox id iz ing  capac ity  in  
most newborns (10A).

A.4 Excretion

R a d io ac t iv i ty  from in trav enously  in je c te d  ^ C - la b e le d  DEHP i s  mainly 
recovered in  u r ine  and feces a f t e r  2A hours (92), in d ic a t in g  t h a t  u r in e  and 
b i l e  a re  major excre to ry  pathways. At a low dose (0 .1  mg/kg) given to  r a t s ,  
50-60% of in je c te d  r a d io a c t iv i t y  was recovered in  u r in e  and feces  a f t e r  2A
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hours, while  l e s s  than 50% was recovered a t  a high dose o f 200 mg/kg (92). 
Seven days a f t e r  an o ra l  dose (2 .9  mg/kg) of DEHP, 42% of the  r a d io a c t iv i ty  
was recovered in  u r in e  and 57% in feces (27). In these  experiments on r a t s  
th e  b i l i a r y  ex c re t io n  was a lso  q u a n t i ta te d ,  and i t  was found t h a t  14% of 
the  r a d io a c t iv i ty  was recovered in  b i l e  a f t e r  4 days (27). The almost 100% 
recovery documented by Daniel & B ra t t  (27) has been confirmed by Teirlynck 
& B elpa ire  (109). Oral ad m in is t ra t io n  of MEHP (50-500 mg/kg) gave a h igher 
u r in a ry  recovery than o r a l ly  adm inistered  DEHP (50-500 mg/kg) as measured 
a f t e r  24 hours (55).

Urinary e xc re t ion  in  man has been q u a n t i ta te d  a f t e r  o ra l  ad m in is t ra t io n  of 
n o n -rad ioac tiv e  DEHP (0.45 mg/kg). I t  was found t h a t  15-25% was excre ted  in 
u r in e  as MEHP or oxidized m etab o li tes  w ith in  2-3 days (90).

In the  r a t  no unmetabolized DEHP i s  excre ted  in  u r in e ,  while small amounts 
a re  found in  mouse or green monkey u r in e  ( 8 ) .  Major amounts of MEHP are  
excre ted  in  the  u r in e  by mouse, guinea p ig ,  green monkey and man ( 8 ) . 
However, oxid ized m e tab o li tes  c o n s t i tu te s  a major p o r t io n  of ex c re t io n  
products in  u r in e  from r a t ,  mouse, hamster, green monkey, and man ( 8 ).

Changes in ex c re t io n  pathways have been observed a f t e r  prolonged 
adm in is t ra t io n  of DEHP. In co n tro l  r a t s  th e  fe c a l  e xc re t ion  pathway 
dominated a f t e r  p .o .  a d m in is t ra t io n ,  while in  h ab i tu a ted  r a t s  (7 days 
feeding with DEHP) the  u r in a ry  pathway dominated (27).

4 .5  R eten tion  and turnover

At l e a s t  two e lim in a t ion  phases of r a d io a c t i v i t y ,  given as DEHP, have been 
observed in  r a t  blood, but these  have sh o r t  h a l f - l i v e s  (4 .5 -9  and 22 min 
re s p e c t iv e ly )  (92). In  th e  l i v e r  a f t e r  7 weeks of o ra l  ad m in is t ra t io n  the 
e l im in a t io n  phase was considerab ly  slower, w ith  a h a l f - l i f e  of 3-5 days 
(27 ).  No accumulation of DEHP or MEHP was observed a f t e r  dosing with 2.8 
g/kg/day fo r  7 days (109). No accumulation was rep o r ted  from a long term 
feeding study a t  doses of 1000 or 5000 ppm in  the  food (corresponding to  a 
d a i ly  dose of about 50 and 250 mg/kg) fo r  5-7 weeks (27).

Analysis of the  t o t a l  amount of u r in a ry  m e tab o li te s ,  measured as 
d e r iv a t iz e d  p h th a l ic  a c id ,  ind ica ted  a weak p o s i t iv e  c o r re la t io n  between
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occupational exposure to  p h th a la te  and the  m etab o li tes  (56, 64). In the
f i r s t  study (64) workers were mainly exposed to  DEHP and d iiso d ecy l  
p h th a la te .  In the  second study (56) workers were exposed to  DEHP and 
p h th a l ic  anhydride. The authors  concluded t h a t  p h th a l ic  anhydride 
in f luenced  the  u r ina ry  le v e l  more than did DEHP.

4.6 Summary

DEHP i s  hydrolyzed in  th e  gu t.  In the  l i v e r  unhydrolyzed DEHP can only be 
found a f t e r  adm in is t ra tio n  of high doses. The hydrolyzed m e tab o li te  MEHP i s  
r a p id ly  absorbed and i s  fu r th e r  metabolized in  the  l i v e r .  In  the  r a t  the  
w - and to -1 -carbon o x ida t ion  products c o n s t i tu te  more than 85 % of the  
m e tab o li te s .  I t  has been suggested t h a t  ox ida tion  products a re  fu r th e r  
metabolized by 3- oxidation  in  the  peroxisomes. This metabolism i s  dose- and 
frequency of adm in is tra tion-dependen t.  The metabolism i s  changed by 
repea ted  a d m in is tra tio n  of DEHP. There a re  g re a t  spec ies  v a r ia t io n s ,  and 
the  0) -o x id a tio n  pathway seems to  p lay  a minor ro le  in  man. Major excre to ry  
pathways a re  u rine  and b i l e .  In  feces and u r in e  almost 100 % of an 
adm inistered  dose can be recovered. No accumulation of DEHP or MEHP has 
been observed.

5 EFFECTS ON EXPERIMENTAL ANIMALS AND IN VITRO TEST SYSTEMS

5.1 S ingle  Exposure

Numerous LD^^ values have been reported  fo r  DEHP. The o r a l  LD^q values in  
r a t s  g en e ra l ly  exceeded 25 g/kg and in  mice, 30 g/kg ( 6 6 , 125). The o ra l  
LD^q value fo r  the  r a b b i t  i s  given as 33.9 g/kg (95 ) ,  and fo r  the  guinea 
p ig ,  26.3 g/kg (49).

A fte r  i . p .  ad m in is t ra t io n  to  r a t s  an LD^q value of 30.7 g/kg has been 
rep o r ted  (95). In mice the  value  i s  noted to  be 37.8 g/kg (51). In o the r  
s tu d ie s  LD^q values in  the  range 14-75 g/kg have been c a lc u la te d  fo r  the  
mouse a f t e r  i . p .  ad m in is t ra tio n  (125).

LD5 0  va lues in  the  range 200-250 mg/kg were rep o r ted  fo r  th e  r a t  a f t e r
i . v .  doses of DEHP s o lu b i l iz e d  in nonionic  d e te rg en t  (84, 91).
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From the  inform ation provided in  the  acute  s tu d ie s  the  main s ign  of 
t o x i c i t y  a f t e r  s in g le  o ra l  or i n t r a p e r i to n e a l  dosing i s  d ia rrh o ea ,  poss ib ly  
due to  the  o i ly  n a tu re  of the  e s t e r .  An i . p .  dose of 500 mg/kg in  r a t s  
decreased spontaneous running a c t i v i t y  in d ic a t in g  behavioural changes (85). 
A fte r  i . v .  dosing, lung le s io n s  ch a ra c te r iz e d  by oedema, haemorrhage, and 
i n f i l t r a t i o n s  of polymorphonuclear leucocytes have been observed in  the  r a t  
(93). The e f f e c t s  were ev iden t a t  doses as low as 50 mg/kg. The mechanism 
of the  ae t io lo g y  of th e  lung le s io n s  i s  unknown. I t  has , however, been 
suggested t h a t  some changes could be due to  the  re le a s e  of lysosomal 
enzymes from a lv e o la r  macrophages, which has been seen in  v i t r o  in  r a b b i t  
t i s s u e s  t r e a te d  with DEHP (11).

Treatment i . v .  of r a b b i t s  w ith  DEHP induced a f a l l  in  blood p ressu re  and an 
in c rease  in  b reath ing  r a t e  a t  a dose of 350 mg/kg. No deaths occurred a f t e r  
doses up to  650 mg/kg (20).

The monoester, MEHP, may be more to x ic  than the  d i e s t e r  but da ta  a re  very 
l im ite d .  In a sh o r t  note  (118) the  o ra l  LD^q in  the  r a t  was repor ted  to  be 
1.3A g/kg (female) and 1.8 g/kg (male).

5 .2  Short-Term Exposures

The most obvious s ign  of t o x i c i t y  in  the  r a t  a f t e r  o ra l  ad m in is t ra t io n  i s  a 
red uc tion  in  the  r a t e  of weight gain , u su a l ly  ev iden t w ith in  a few days of 
dosing of 0.A g/kg/day or above (A0, 65). Reduction in  body weights were 
observed in  r a t s  given d ie ta r y  le v e ls  of 12,500 and 25,000 ppm fo r  13 
weeks. Dosages of 1600-6300 ppm re s u l te d  in  e i t h e r  s l i g h t  e le v a t io n s  of 
body weight or had no e f f e c t  (62).

Reductions in  haemoglobin, packed c e l l  volume and e ry th ro cy te s  have been 
observed in  r a t s  given 1% or 2% d ie ta ry  DEHP fo r  17 weeks but not a t  0.2% 
fo r  th e  same period  (A0).

Doses of more than 3 g /kg/day fo r  per iods  up to  90 days were necessary  to  
cause deaths in r a t s  (65, 95). No deaths occurred in  r a t s  a f t e r  d ie ta ry  
dosing fo r  1A days a t  50,000 ppm or below (62).
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MEHP a lso  reduced the  body weight gain  when given in  the  d i e t  of r a t s  a t  
6,400 ppm (22). No e f f e c t s  on body weight occurred a t  d ie ta r y  le v e ls  up to  
625 ppm fo r  3 months. At 625 ppm a s i g n i f i c a n t  red uc t io n  in blood glucose 
was observed.

Decreases in  body weight have a ls o  been observed in mice given d ie ta r y  DEHP 
fo r  14 days a t  l e v e ls  from 6,300 ppm to  100,000, or fo r  13 weeks a t  1000 
ppm to  12,500 ppm (62). C ystic  kidneys and c e n t r i lo b u la r  n ec ro s is  were 
noted in  one s t r a i n  of mice (ddY) fed 0.25 or 2.5% DEHP fo r  2 weeks but not 
in  another study using a d i f f e r e n t  s t r a i n  (B6C3F^), h igher  exposure le v e ls ,  
and longer periods (125).

DEHP adm inistered  i . v .  a t  25-500 mg/kg/day fo r  2-4 weeks to  beagle dogs 
r e s u l te d  in  pulmonary haemorrhage and inflammatory response s im i la r  in  
appearance to  the  "shock-lung" e f f e c t  (125).

A few in h a la t io n  s tu d ie s  have been rep o r ted .  However, due to  the  omission 
of experim ental d e t a i l s  they  can not be assessed .

5.3 Biochemical e f f e c t s

A la rg e  amount of re sea rch  work has been c a r r ie d  out on the  h ep a tic  e f f e c t s  
such as c e l l  p r o l i f e r a t io n ,  of DEHP in lab o ra to ry  animals. A s in g le  dose of 
DEHP, 500 mg/kg, r e s u l te d  in  a s ix - fo ld  in c rease  of male r a t  hepatocytes  in  
S-phase and a 15-fo ld  inc rea se  of male mouse hepatocytes  in S-phase 24 h 
a f t e r  dosing. Three weeks of feeding DEHP a t  6000 ppm in  the  d i e t  increased  
l iv e r /b o d y  weight r a t io s  to  approximately 140% th a t  of c o n t ro ls  in  female 
r a t s  and 170% of co n tro ls  in  male mice (19). However, a t  th e  end of 2 years 
of feeding DEHP a t  0 .03 , 0.1 or 1.2% in  the  d i e t  th e re  was no d e te c ta b le  
l i v e r  c e l l  p r o l i f e r a t io n  as s tud ied  by H-thymidine inco rp o ra t ion  (78). In 
v i t r o  s tu d ie s  a lso  have shown th a t  DEHP decreases  the  p ro te in  k inase  c 
a c t i v i t y  ( 1 0 0 ) .

The c e l l  p r o l i f e r a t io n  induced by DEHP forms the  b a s is  of one theory  of 
DEHP h ep a to ca rc in o gen es is . This theory  argues t h a t  the  increased  c e l l u l a r  
growth induced by DEHP may r e s u l t  in  spontaneous m utationa l events or 
promotional e f f e c t s  (16, 19).
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Peroxisomes (microbodies) a re  small cytoplasm atic  o rg an e lle s .  F unc tiona l ly ,  
peroxisomes have been im plicated  in gluconeogenesis, d e to x i f i c a t io n  of 
and in  l i p i d  metabolism (82). Some chemical agents may cause peroxisome 
p r o l i f e r a t i o n  in  mouse and r a t  l i v e r .  This p rope rty  was f i r s t  d iscovered 
fo r  some hypolipidemic drugs, such as c lo f i b r a t e  and naphenopin, but has 
l a t e r  been found to  be common to  a s t r u c tu r a l ly  d iv e rse  group of chemicals 
inc lud ing  DEHP. Peroxisome p r o l i f e r a t o r s  inc lud ing  DEHP and o ther 
p h th a la te s  a re  l i v e r  carc inogens, when adm inistered  in  th e  d i e t  (80).

There seems to  be a f a i r  c o r r e la t io n  between the  a b i l i t y  of a chemical to  
induce peroxisome p r o l i f e r a t i o n  and i t s  l i v e r  carc inogenic  p ro p e r t ie s  (81).

According to  the  peroxisome p r o l i f e r a t io n  hypo thesis  fo r  l i v e r  carcinogene
s i s ,  DEHP and/or i t s  m e tab o li tes  reduces l i p i d  sy n th es is  and ox id a tion  so 
t h a t  f a t t y  ac id  d e r iv a t iv e s  ( e .g .  t r i g ly c e r id e s )  a re  accumulated in  the 
hepa tocy te . Genes fo r  l i p i d  m etaboliz ing  enzymes, inc lud ing  peroxisomal 
b e ta -o x id a t io n  enzymes, a re  then expressed. I t  has r e c e n t ly  been shown th a t  
MEHP and the  (jJ - 1-carbon o x ida t ion  products a re  the  DEHP m etabo li tes  
re sp o n s ib le  fo r  peroxisome p r o l i f e r a t io n  in primary hepatocyte  c u l tu re s  
(60).

The increased  l i p i d  metabolism in  the  peroxisomes may genera te  increased  
amounts of H^O^. Since c a ta la s e ,  the  enzyme which ca ta ly z e s  th e  breakdown 
of to  w ater, i s  only s l i g h t l y  induced by DEHP the  r e s u l t  w i l l  be an
increased  formation of oxygen r a d ic a l s  which may damage membranes and/or 
DNA (16). I f  the  exposure i s  prolonged a s e r i e s  of c e l l u l a r  i n s u l t s  may 
r e s u l t  in  permanently a l t e r e d  c e l l s  which form fo c i  and u l t im a te ly  tumors. 
I t  should, however, be c le a r  t h a t  t h i s  hypo thesis  has only l im ited  
experim ental support.

DEHP i s  a moderately e f f e c t iv e  inducer of peroxisome p r o l i f e r a t i o n  in  the  
r a t .  Chronic ad m in is t ra t io n  of doses of 50 mg/kg/day seems to  be e f f e c t iv e  
as measured by an in c rease  in  peroxisomal enzymes (61). However, doses of 
25 mg/kg/day seem not to  in c rease  these  enzyme a c t i v i t i e s  in  the  r a t  l i v e r  
(50).

Another experiment has shown a la rg e  inc rease  of h ep a tic  peroxisomes in  the  
r a t  a f t e r  1A days of o ra l  DEHP ad m in is t ra t io n  a t  2000 mg/kg/day. When the
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same dose was given to  marmosets th e re  was no peroxisome p r o l i f e r a t io n .  
Moreover, peroxisomal enzymes showed a pronounced r i s e  in  the  r a t  but not 
in  the  marmoset (83). The d if fe re n c e  may have been caused not only by a 
l e s s  e f f i c i e n t  h yd ro ly s is  of DEHP and th e re fo re  l e s s  e f f i c i e n t  absorp tion  
in  th e  marmoset (83) but a lso  by d i f f e r e n t  i n t r i n s i c  responsiveness  to  MEHP 
by the  r a t  and marmoset hepatocytes  (60 ).  There i s  some experim ental 
support fo r  both of these  exp lan a tio ns .  Some experiments suggest t h a t  human 
hepatocytes may be s im i la r  to  marmoset hepa tocytes  in t h e i r  peroxisomal 
response to  MEHP (16).

Nothing i s  known about r a t ,  marmoset, or human peroxisome responses to  DEHP 
by in h a la t io n  exposure.

In v i t r o ,  r a t  l i v e r  microsomal cytochrome P-450 le v e ls  were no t a f fe c te d  by 
DEHP (37). However, when r a t s  were t r e a t e d  in  vivo w ith  DEHP by i . p .  
in je c t io n s  (119) or rep ea ted ly  given DEHP o r a l l y  (2 ) ,  an in c rease  in 
cytochrome P-450 le v e ls  has been observed.

In  the  l i v e r ,  m itochondrial  enzymes and m itochondrial morphology have been 
a f fe c te d  by DEHP ad m in is t ra t io n  (74, 96). The s ig n i f ic a n c e  of the  e f f e c t s  
on mitochondria i s  not known as the  m itochondrial func tions  u su a l ly  appear 
to  be normal (125).

In male r a t s  given DEHP in  the  d i e t ,  u r in a ry  ex c re t io n  of Zn i s  enhanced 
and the  t e s t i c u l a r  le v e ls  of Zn decreased (42, 6 8 ). See a ls o  6 .

A number of s tu d ie s  has shown th a t  DEHP given in  the  d i e t  (0.5-2%) causes 
lowering of t r i g ly c e r id e  and c h o le s te ro l  le v e ls  in  the  plasma of the  r a t  
(13, 14, 15, 24, 87, 127, 128). DEHP in h ib i t s  the  b io sy n th es is  of
c h o le s te ro l ,  an e f f e c t  which i s  accompanied by p h o sp h o l ip id o s is . The same 
e f f e c t s  a re  seen with MEHP (72).

5.4 Skin and eye i r r i t a t i o n ;  s e n s i t i z a t i o n

The d a ta  a v a i la b le  in d ic a te  t h a t  DEHP i s  a weak i r r i t a n t  to  mammalian skin  
on to p ic a l  or in traderm al exposures (20, 125).
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In  one study no i r r i t a t i o n  in  the  r a b b i t  eye occurred  when DEHP was 
i n s t i l l e d  in to  the  eye (51).

There a re  no data  in d ica t in g  t h a t  DEHP should be a s e n s i t i z in g  agent.

5 .5  Long-Term Exposures

In  a 24 month study (44) groups of 43 male and 43 female W istar r a t s  were 
fed d i e t s  con ta in ing  0, 0.1 or 0.5% DEHP, with in te r im  k i l l s  a t  3, 6 and 12 
months. Because of high m o r ta l i ty  only two c o n t ro l ,  four low dose and seven 
high dose animals were a l iv e  a t  te rm ina t io n .  During the  f i r s t  year DEHP 
s l i g h t l y  reduced body weights but by the  second year the  weights of a l l  
groups were s im i la r .  During th e  f i r s t  s ix  months an inc rea se  in  r e l a t i v e  
l i v e r  and kidney weights were seen in  DEHP t r e a t e d  animals but l a t e r  they 
were s im i la r  in  co n tro l  and t r e a t e d  animals. A fte r  3 months 1/8 r a t s  in  the  
low dose group were found to  have mild tu b u la r  atrophy in  the  kidney. A fter  
6 , 12 and 24 months no compound r e la te d  pathology was ev id en t .

In ano ther 24 month study (21) groups of 32 male and 32 female Sherman r a t s  
were given d i e t s  con ta in ing  0, 0 .04 , 0.13 or 0.4% DEHP. Because of reduced 
l i f e -ex p ec ta n c y  of the  animals and the  small numbers of animals used, the  
s tudy i s  inadequate to  a sse ss  the  chronic t o x i c i t y  of DEHP.

In a 12 month study (65) a group of 20 male and 20 female W istar r a t s  were 
given a d ie t  con ta in ing  0.35% DEHP. A co n tro l  group rece ived  the  d i e t  only. 
The only g ross  or micropathology noted in  dosed animals a t  necropsy was 
hepatomegaly. During the  s tudy , however, about 30% of th e  animals died due 
to  congestion  of the  small i n t e s t i n e  and lo s s  of the  g a s t r i c  or i n t e s t i n a l  
mucosa, which was complicated by pu ru len t  pneumonia and end o m e tr i t is .

In  a 2 year s tudy (47, 62) groups of F344 r a t s  were given d ie ta r y  le v e ls  of 
0, 6000 or 12000 ppm DEHP. A decreased body weight in  exposed groups was 
noted from around week 30 u n t i l  te rm ina tio n .  Except fo r  n e o p la s t ic  e f f e c t s  
( s e c t io n  8 ) and t e s t i c u l a r  atrophy (s e c t io n  6 ) a compound re la te d  
hypertrophy of c e l l s  of th e  a n t e r io r  p i t u i t a r y  were noted a t  necropsy of 
the  high dose r a t s .  In  both of th e  exposed groups an increased  incidence of 
c le a r  c e l l  changes in the  l i v e r s  was observed.
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In the  same study (47, 62) B6C3F^ mice were exposed to  3000 or 6000 ppm 
DEHP. A dose r e la te d  decrease  in  dosed female mice body weights was 
observed. There was no increased  incidence of non -neop las t ic  le s io n s  except 
fo r  sem iniferous tu b u la r  degenera tion  of the  t e s t e s  in  male mice (sec t io n  
6 ).

In a s tudy  with groups of male and female guinea p igs  fed d i e t s  contain ing  
0, 400 or 1300 ppm DEHP fo r  12 months (21), dosed animals had s t a t i s t i c a l l y  
h igher body weights than co n tro ls  and a s l i g h t  in c rea se  in  l i v e r  weights 
was noted in  dosed females. No o th e r  compound r e l a t e d  le s io n s  were found.

5.6  Summary

Based on LD^q s tu d ie s  DEHP has a low acute  t o x i c i t y .  A prolonged dosing of 
DEHP to  animals produced p r o l i f e r a t i o n  of l i v e r  peroxisomes, hepatomegaly 
and a reduc tion  of body weight gain .

DEHP i s  a weak i r r i t a n t  to  mammalian sk in  but th e re  a re  no d a ta  in d ica t in g  
t h a t  DEHP should a c t  as a s e n s i t i z in g  agent.

6 REPRODUCTIVE, EMBRYOTOXIC, AND TERATOGENIC EFFECTS

6 .1 Reproductive e f f e c t s

The e f f e c t s  o f DEHP on male rep roduc tive  organs have been stud ied  
e x te n s iv e ly .  The m a jo r ity  of the  s tu d ie s  have been c a r r ie d  out using r a t s  
or mice given DEHP in  th e  d i e t .

Sem iniferous tu b u la r  a trophy, comprising a lo ss  of spermatids and 
sperm atocytes, was the  r e s u l t  when 4-week-old W istar r a t s  were adm inistered 
2800 mg DEHP/kg by o ra l  in tu b a t io n  fo r  10 days (39). In s im i la r ly  t r e a te d  
10-week-old r a t s  about 50% of the  tubu les  were a trop h ic  and the  remainder 
u n a ffec ted .  No t e s t i c u l a r  damage was seen in  t r e a t e d  15-week-old r a t s .  When 
DEHP was given in  the  d ie t  (2%; approximately 1200 mg DEHP/kg) d a i ly  to  4- 
week-old r a t s ,  the  le s io n s  produced were r e v e r s ib le  whether trea tm en t was 
stopped p r io r  to ,  or continued u n t i l  a f t e r  the  co n tro l  r a t s  had reached 
sexual m a tu r ity .
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In r a t s  given 1 or 2% d ie ta ry  DEHP the  e f f e c t  was dose-dependent with
v i s i b l e  s igns of atrophy a f t e r  approximately 2 weeks of feeding (AO). The
atrophy was accompanied by p i t u i t a r y  changes, namely enlargement and 
v a c u o l iz a t io n  of the  basoph ils  of the  pars  d i s t a l i s  corresponding to  the  
form ation of the  so -c a l le d  c a s t r a t io n  c e l l s  seen a f t e r  gonadectomy (AO). 
S im ila r ly ,  th e re  was a concomitant reduction  in  t e s t i c u l a r  and p r o s ta t i c
zinc le v e ls  w ith  increased  u r in a ry  e xc re t io n  of zinc (A2).

In  a r a t  study with  o r a l ly  adm inistered  DEHP (2% in  the  d i e t )  the  serum 
te s to s te ro n e  le v e ls  were reduced by approximately 50% but the  lev e ls  in 
t e s t e s  rose  by 150% (70). Simultaneous ad m in is t ra t io n  of te s to s te ro n e  or 
zinc had no p ro te c t iv e  e f f e c t  on the  atrophy but did p reven t the  weight- 
red uc tion  of the  accessory  sex organs (39, 73).

DEHP in  the  d i e t  (2%) given to  7 young W istar r a t s  fo r  one week decreased 
the  t e s t i c u l a r  weight s i g n i f i c a n t ly  (p < 0.05) compared to  co n tro ls  (67). 
The t e s t i c u l a r  z inc  concen tra t io n  was decreased as w ell .  In another study 
( 6 8 ) groups of 20  male r a t s  were given 2 . 0  g /kg/day by gavage fo r  1 A days. 
Ten r a t s  were then k i l l e d  and the  remaining 10 r a t s  were followed fo r  an 
a d d i t io n a l  A5 day period  without adm in is t ra t io n  of DEHP. The 
h is to p a th o lo g ic a l  changes of the  t e s t e s  seen a t  day 15 were: a marked 
shrinkage of the  sem iniferous tu b u le s ;  germinal ep ithe lium  c o n s is t in g  only 
of S e r to l i  c e l l s ;  very few spermatogonia. A fte r  A5 days the  percentage of 
spermatogenic tubu les  had increased  from 0 ( a t  day 15) to  12.8%, ind ica t in g  
a l im ited  r e v e r s i b i l i t y  of th e  t e s t i c u l a r  a trophy.

S im ilar  degeneration  of th e  sem iniferous tub u le s  were seen (89) when 13- 
week-old W istar r a t s  were given 2 g DEHP/kg p .o .  fo r  7 consecutive  days.

The changes induced in  r a t s  by DEHP may be age dependent (106). Younger 
animals appeared to  be more s u s c e p t ib le  to  t e s t i c u l a r  in ju ry  and were 
slower to  recover (39). I f  t rea tm en t was withdrawn before  th e  r a t s  were 
sexua lly  mature the  e f f e c t s  were r e v e r s ib le  (39 ).  Plasma le v e ls  of DEHP 
were s im i la r  in  sexua lly  mature and immature r a t s  in d ic a t in g  no d if fe re n c e  
in absorp tion  (107).

Rats given i . p .  in je c t io n s  of DEHP did  not show any s trong  evidence fo r  
t e s t i c u l a r  atrophy (25). As with o r a l  dosing, however, i . p .  a d m in is tra t io n
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of DEHP decreased serum te s to s te ro n e  le v e ls  (69). Both ro u te s  have a lso  
a l t e r e d  the  a c t i v i t i e s  of some t e s t i c u l a r  enzymes (25, 94).

Some degenerated primary spermatocytes and a l t e r e d  S e r to l i  c e l l s  were 
observed in  Sprague-Dawley r a t s  given 3 h in fu s io n s  of an emulsion a t  a 
r a t e  of 1 ml/h corresponding to  a d a i ly  dose of 500 mg DEHP/kg (103). The 
in fu s io ns  were given every o th e r  day on s ix  occasions . The emulsion 
contained DEHP, f r a c t io n a te d  egg yolk phosphatides , g ly c e ro l ,  and w ater. No 
e f f e c t s  were observed when emulsions corresponding to  0, 5, or 50 mg 
DEHP/kg were given.

In another study (26) groups of Swiss-Webster mice were given d a i ly  i . p .  
in je c t io n s  of 50 or 100 mg DEHP/kg fo r  5 days or a l t e r n a t e  d a i ly  i . p .  
in je c t io n s  of 50 or 100 mg DEHP/kg fo r  20 days (10 i n j e c t i o n s ) .  The animals 
were k i l l e d  24 h following the  l a s t  in j e c t io n .  No s i g n i f i c a n t  a l t e r a t io n s  
in  t e s t i c u l a r  weight or zinc le v e ls  occurred . In  Sprague-Dawley r a t s  given 
s im i la r  trea tm en t the  gonadal z inc  le v e l  decreased about 30%.

In a NTP-sponsored study (58) with CD-I mice given 0.3% DEHP in the  d i e t ,  
the  animals had s i g n i f i c a n t ly  diminished t e s t i s  and epididymis weights 
compared to  c o n t ro ls .  In a d d i t io n ,  the  sperm concen tra t io n  in  the  cauda 
epididymis was decreased and th e  percen t abnormal sperm in the  cauda was 
s i g n i f i c a n t ly  h igher in the  t r e a t e d  mice.

A high o ra l  dose (4 .2  g/kg) of DEHP gave a minimal tu b u la r  atrophy in 
hamsters but did not produce any e f f e c t s  on u r in a ry  zinc e x c re t io n ,  
t e s t i c u l a r  zinc le v e ls  or on t e s t i c u l a r  weights (42).

The e f f e c t s  of the  monoester (MEHP) has not been as w ell s tu d ied .  An o ra l  
dose of 1 g /kg/day fo r  5 days to  r a t s  produced a s i g n i f i c a n t  decrease  in  
t e s t e s  weights and an ex tens iv e  t e s t i c u l a r  atrophy (42 ). On the  o the r  hand, 
r a t s  given i . p .  doses of up to  100 mg/kg of MEHP fo r  5 days showed no 
abnormal h is to lo g y  (25) and i . p .  doses of 50 mg/kg on a l t e r n a t e  days fo r  20 
days produced only a reduc tio n  in p r o s ta t i c  zinc le v e ls  (26).

In mice fed d ie t s  con ta in ing  2% MEHP fo r  1 week (71) t e s t i c u l a r  z inc  and 
te s to s te ro n e  le v e ls  were markedly reduced but th e re  were no reduc tio ns  in 
t e s t i c u l a r  weights. Hamsters given 1 g /kg/day of MEHP fo r  9 days showed
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more severe  t e s t i c u l a r  e f f e c t s  than those  given DEHP a t  le v e ls  of 4.2 
g/kg/day fo r  th e  same period  (42).

These s tu d ie s  in d ic a te  t h a t  the  r a t  i s  the  most s u sc e p t ib le  species  to  
DEHP-induced t e s t i c u l a r  a trophy. The mechanism of ph tha la te - induced  
t e s t i c u l a r  damage i s  not f u l ly  understood. The t e s t i c u l a r  zinc dep le t ion  
has been suggested as a primary event (34, 35). Zinc i s  e s s e n t i a l  fo r 
normal t e s t i c u l a r  func tion  and i t s  d ep le t ion  i s  known to  lead  to  t e s t i c u l a r  
atrophy (12). I n h ib i t io n  of dehydrogenase enzymes, e .g .  those  c o n t ro l l in g  
the  b io sy n th es is  of t e s to s te ro n e ,  lead to  reduced t e s to s te ro n e  le v e ls .  DEHP 
adm in is t ra t io n  has been shown to  reduce serum te s to s te ro n e  in  th e  r a t  (69, 
70) as w ell as in  the  mouse (42), although in the  mouse no t e s t i c u l a r  
a trophy was observed. Supplementation with te s to s te ro n e  or zinc did not 
prevent the  t e s t i c u l a r  damage induced by DEHP (39, 73).

In v i t r o  s tu d ie s  have in d ica te d  th a t  the  S e r to l i  c e l l  i s  the  t a r g e t .  Mixed 
c u l tu r e s  of S e r to l i  and germ c e l l s  prepared  from r a t  t e s t e s  were exposed to 
DEHP or MEHP (10 ^-10 ^M) (38, 41). DEHP had no e f f e c t  but MEHP caused a 
dose-dependent inc rease  in  th e  r a t e  of germ c e l l  detachment from S e r to l i  
c e l l s ,  accompanied by changes in  S e r to l i  c e l l  morphology.

In another study (58) CD-I mice were given 0, 0 .01 , 0.1 or 0.3% DEHP in the  
d i e t  during a 7 day pre-m ating period  and a subsequent 98-day coh ab ita t ion  
per iod . This r e s u l te d  in  complete suppression  of f e r t i l i t y  in  the  0.3% 
group and a s i g n i f i c a n t  red uc tion  in  the  f e r t i l i t y  in the  0 . 1  group 
compared to  c o n t ro ls .  There was no e f f e c t  of DEHP on f e r t i l i t y  in  the  0.01% 
trea tm en t group.

In a f e r t i l i t y  study (3) groups of ICR male mice were adm inistered  DEHP 
subcutaneously  a t  dose le v e ls  of 1, 2, 5 and 10 ml/kg on day 1, 5 and 10 of 
the  study . At day 21 each male was housed w ith  one v i r g in  female fo r  7 
days. There was a reduc t io n  in the  incidence of pregnancies in  the  t r e a te d  
groups (3 /8  a t  the  th re e  h ig h es t  dose l e v e ls ;  5/8 a t  the  lowest dose lev e l ;  
14/16 in  the  co n tro l  group). On the  o the r  hand, repea ted  matings with 
v i rg in  females s t a r t i n g  on day 2 , 6 , 1 1 , 16 and 2 1 , and a t  weekly in te rv a l s  
through 8 weeks, revea led  no decrease  in  the  incidence of pregnancy. In the  
t r e a t e d  groups, examination of pregnant females on day 13 of g e s ta t io n
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revea led  an inc rease  in the  incidence of p re im plan ta tion  lo sses  and e a r ly  
f e t a l  dea ths .

Only one study (94) has in v e s t ig a te d  the  e f f e c t s  of p h th a la te s  on female 
rep roduc tive  organs. Three doses of 4.93 g DEHP/kg a t  5-day in t e r v a l s  were 
given i . p .  to  female r a t s .  No h is to p a th o lo g ic a l  changes of the  o varies  were 
seen 22  days a f t e r  the  f i r s t  in j e c t io n ,  but red uc t io n s  of some enzyme 
a c t i v i t é s  were noted. However, i . p .  in je c t io n s  of DEHP to  male r a t s  d id  not 
r e s u l t  in  h is to p a th o lo g ic a l  changes of the  t e s t e s .

I t  appears t h a t  r a t s  and guinea p igs a re  s e n s i t i v e  to  t e s t i c u l a r  atrophy 
caused by DEHP w hile mice a re  f a i r l y  and hamsters h igh ly  r e s i s t a n t .  That a t  
l e a s t  some of the  e f f e c t s  a sso c ia ted  with  t h i s  pathology can be produced in 
v i t r o  argues a g a in s t  a hormonally mediated i n d i r e c t  e f f e c t .  The e a r l i e s t  
e f f e c t s  a re  seen in S e r to l i  c e l l s  and are  described  as vacuo la tion  (5 ) .

6.2  Em bryotoxicity, T e ra to g en ic i ty

In a s tudy (65) with  female W istar r a t s  given 0.34 o r 1.7 g DEHP/kg by 
gavage during the  f i r s t  21  days of g e s ta t io n ,  the  only untoward e f f e c t s  
seen were reduc tions  in  f e t a l  body weight. Two percen t (2%) DEHP in the  
d i e t  of F isch er  344 r a t s  during the  f i r s t  20 days of g e s ta t io n  increased  
the  number of re so rp t io n s  (123).

In t r a p e r i to n e a l  in je c t io n s  of 4.93 and 9.86 g DEHP/kg to  Sprague-Dawley 
r a t s  on days 5, 10, and 15 of g e s ta t io n  re s u l te d  in  an increased  number of 
re so rp t io n s  and reduced f e t a l  weights (101). In th e  h ig h es t  dose group 
g ross abn o rm a lit ie s ,  such as tw is ted  hind legs and anopthalm ia, were noted 
but no s k e le t a l  d e fec ts  were observed.

Plasma e x t r a c t s  of two polyviny l c h lo r ide  (PVC) p l a s t i c s  con ta in ing  DEHP 
were adm in istered  in travenously  to  groups of pregnant Sprague-Dawley r a t s  
d a i ly  from the  6 th  to  the  15th day of g e s ta t io n  (52). The animals were 
k i l l e d  a t  day 20. The d a i ly  doses of DEHP were eq u iva len t  to  1.3 mg/kg (low 
dose) and 5.2 mg/kg (high dose) .  No s ig n i f i c a n t  t e ra to g e n ic  or embryotoxic 
e f f e c t s  were noted.
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Groups of ICR mice were given DEHP in  the  d ie t  a t  le v e ls  of 0.05 to  1.0% 
fo r  days 0-18 of g e s ta t io n  w hereafter  they were s a c r i f i c e d  (97, 99). The 
food in take  was about 7 g/day as an average. At 0 .4  and 1.0% le v e ls  no l iv e  
f e tu s e s  were found. At the  0.2% le v e l ,  40% of the  fe tu s e s  had malformations 
inc lud ing  exencephaly, sp ina  b i f id a  and malformed t a i l .  A delayed 
o s s i f i c a t i o n  was seen in  about 15% of th e  fe tu s e s  a t  the  0.1 and 0.2% dose 
l e v e l s .

D ie ta ry  ad m in is t ra t io n  of 0.025 to  0.15% DEHP on days 0-17 of g e s ta t io n  to  
CD-I mice increased  the  number of re so rp t io n s  a t  the  0.1 and 0.15% le v e ls  
(124).

A s in g le  p .o .  ad m in is t ra t io n  of 0.1 ml/kg DEHP on day 7 of g e s ta t io n  to  SPF 
mice decreased the  number and the  body weights of l iv in g  fe tu s e s  (116). In 
another study (126) DEHP was given o r a l ly  to  SPF mice a t  day 6 , 7, 8 , 9 or 
10 of g e s ta t io n .  When 5.0  or 10.0 ml/kg was given on day 7 th e re  were no 
l iv e  f e tu s e s .  2 .5  ml/kg adm inistered  the  same day produced 14% of l iv in g  
embryos and 1.0 ml/kg gave 40% l iv in g  embryos. The percentages of l iv e  
embryos when 10.0 ml/kg was given on day 8 , 9 or 10 of g e s ta t io n  were 18, 
92 and 95% re s p e c t iv e ly .  Gross and s k e le t a l  ab no rm alit ies  occurred in 
fe tu s e s  given 2.5 and 7.5 ml/kg on day 7 or 8 . The abnorm alit ies  included 
exencephaly, open e y e l id  and c lu b -fo o t .

In a l a t e r  study (98) groups of ICR mice were given DEHP by stomach 
in tu b a t io n  on days 7, 8 and 9 of g e s ta t io n .  The DEHP doses ( in  o l iv e  o i l )  
were 250, 500, 1000, and 2000 mg/kg. The mice were s a c r i f i c e d  on day 18. In 
the  two h igher dose groups the  numbers of re so rp t io n s  and malformed fe tu se s  
were s i g n i f i c a n t ly  inc reased .  The malformations most commonly produced were 
anencephaly and exencephaly. When doses of up to  8000 mg/kg were given i . p .  
a t  days 7 ,8 ,  and 9 of g e s ta t io n  no e f f e c t s  were noted.

The monoester, MEHP, a t  o r a l  doses of 225, 450 and 900 mg/kg produced
s i g n i f i c a n t  s igns of m aternal t o x i c i t y  when given to  pregnant W istar r a t s  
on days 6-15 of g e s ta t io n  ( 8 6 ) .  In the  h ig h es t  dose group a 73% m o r ta l i ty  
was observed in  the  dams.

In  the  SPF mouse, o ra l  dosing with 0.1 or 1.0 g/kg MEHP on day 7 of 
g e s ta t io n  led  to  increased  incidence of e a r ly  embryonic deaths but dosing
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on day 8 o r  9 had le s s  e f f e c t  (117, 126). The fe tu s e s  had reduced body 
weight and a h igher incidence of gross abn o rm alit ies  in  fe tu s e s  from the  
high dose group on days 8 and 9 as compared to  c o n t ro ls .  The mice dosed on 
day 8 produced fe tu s e s  with high incidences of s k e le t a l  e f f e c t s .

In travenous in je c t io n s  with  11.38 mg/kg MEHP to  r a b b i t s  on days 6-17 of 
g e s ta t io n  gave a high incidence  of re so rp t io n s  (114). The incidence of 
f e t a l  anomalies was s im i la r  to  c o n t ro ls .

The mechanism of t e r a to g e n ic i ty  of DEHP or MEHP i s  not known. Teratogenic
a c t i v i t y  could r e s u l t  from zinc  d e f ic iency , which i s  known to  produce
te ra to g e n ic  e f f e c t s  (108).

In a s tudy  (65) with  DEHP a t  doses a t  0.34 or 1.7 g/kg/day given to  female 
W istar r a t s  by gavage fo r  3 months p r io r  to  mating, no e f f e c t s  were seen on 
th e  number of re so rp t io n s ,  f e t a l  weights or inc idence of s k e le t a l  
anom alies .

6 .3 Summary

DEHP can cause t e s t i c u l a r  damage in  r a t s .  The n o -e f fe c t  l e v e l  i s  about 
0.3  - 0 .5  % in the  d i e t .  There i s  evidence t h a t  DEHP and i t s  m e tabo li te  
MEHP a re  te ra to g e n ic  and embryolethal to  roden ts .  In r a t s  2 % in  the  d ie t  
throughout the  g e s ta t io n  period  produced an increased  incidence of 
r e s o rp t io n s  and in mice 0.1 % a lso  produced f e t a l  ab n o rm a l it ie s .  F e r t i l i t y
s tu d ie s  provided c o n tra d ic to ry  r e s u l t s .

7 MUTAGENICITY AND RELATED END-POINTS

The p o ss ib le  genotoxic e f f e c t  of DEHP has been thoroughly  in v e s t ig a te d  in  
s e v e ra l  d i f f e r e n t  sh o r t- te rm  t e s t s .  E ffec ts  of the  major m e tab o li tes  of 
DEHP; the  monoester (MEHP) and 2 -e thy lhexano l,  as w ell  as p h th a l ic  ac id  and 
p h th a l ic  anhydride, have a lso  been s tu d ied .
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S tud ies  on the  p o ss ib le  mutagenic e f f e c t  of DEHP have been performed in  
b a c te r i a ,  fungi and in c u l tu red  mammalian c e l l s .  Drosophila melanogaster 
has a lso  been used and r e s u l t s  from a few in  vivo s tu d ie s  on mice have been 
p u b l ish ed .

Many la b o ra to r ie s  have used sev era l  s t r a i n s  of Salmonella typhimurium and 
doses of DEHP up to  10,000 Mg/plate. Incubations both w ith  and without 
exogenous a c t iv a t io n  systems have u su a l ly  been performed. S9-mix from 
Aroclor 1254 induced r a t s  i s  commonly used, but o th e r  spec ies  as well as 
o ther inducers have a lso  been used to  produce m etabolic  a c t iv a t io n  systems. 
With one exception  (115) these  t e s t  r e s u l t s  have been nega tiv e  (see  e . g . ,  
4, 46, 130, 131) and in a IPCS study (9) a l l  f iv e  la b o ra to r ie s  reported
n ega tive  r e s u l t s .  Other b a c te r i a  than S. typhimurium have a lso  been used. 
Negative r e s u l t s  were obtained with E. c o l i  WP2 a t  doses up to  2000 
Mg/plate in one lab o ra to ry  (130).

The major m e tabo li tes  of DEHP have a lso  been t e s te d  fo r  mutagenic a c t i v i t y  
in  b a c te r i a .  Doses up to  3333 Mg/plate fo r  MEHP and p h th a l ic  anhydride 
(131) and 2000 n g /p la te  fo r  2-ethy lhexanol and p h th a l ic  ac id  (4) were used 
w ith  nega tive  r e s u l t s  in  s t r a i n s  of Salmonella (see  a lso  46, 130). However, 
one lab o ra to ry  (115) reported  a s ig n i f i c a n t  inc rease  in  r e v e r ta n ts  in  TA 
100 fo r  both DEHP and MEHP, with  and without S9, r e s p e c t iv e ly .

The same in v e s t ig a to r s  (115) a lso  d e tec ted  a dose-dependent (400 and 500 
Mg/plate) DNA damaging e f f e c t  to  B. s u b t i l i s  in  the  Rec-assay fo r  MEHP, 
while DEHP, p h th a l ic  ac id  and 2 -e thy l-hexano l were a l l  nega tive .  In t h i s  
study MEHP showed a p o s i t iv e  response in  E. c o l i  WP2 b / r  as w ell .

Negative r e s u l t s  were obtained when pooled u r in e  from r a t s ,  t r e a te d  with 
DEHP 2000 mg/kg/day fo r  15 days, were t e s te d  fo r  genotoxic a c t i v i t y .  A 
d i r e c t  p la t in g  procedure was used with S. typhimurium s t r a in s  TA-98, TA- 
100, TA-1535, TA-1537 and TA-1538, both with  and without S9 and 3- 
g lu c u ro n id a se /a ry l  s u l f a ta s e  as a c t iv a t io n  system. When 2-ethylhexanol was 
t e s te d  according to  the  same p ro toco l  was a lso  n ega tive  (30).

7.1 Mutation
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The induction  of mutations by DEHP has been s tud ied  in  d i f f e r e n t  species  of 
fungi.  In the  IPCS c o l la b o ra t iv e  study on in v i t r o  assay systems (9) DEHP 
was considered to  be n ega tive  in  s ix  out of seven assays. P o s i t iv e  r e s u l t s  
were ob ta ined  w ith  Saccharomyces c e re v is ia e  both with and without S9 
a c t iv a t io n  a t  the  lowest e f f e c t iv e  concen tra t ions  of 1541 Mg/ml and 3081 
Mg/ml, r e s p e c t iv e ly .  Other la b o ra to r ie s  using o th e r  s t r a i n s  of
S. c e re v is ia e  or Schizosaccharomyces pombe repor ted  nega tive  r e s u l t s  a t  
maximum t e s te d  doses of 5000 Mg/ml.

Mouse lymphoma c e l l s  (L5178Y), Chinese hamster V79 c e l l s ,  as w ell as human 
lymphoblasts have been used to  study the  mutagenic e f f e c t  of DEHP in 
c u l tu red  mammalian c e l l s .  Several in v e s t ig a to r s  have rep o r ted  negative  
r e s u l t s ,  but a few p o s i t iv e  r e s u l t s  can a lso  be found in  the  l i t e r a t u r e .

In the  IPCS study (9) only one out of ten  in v e s t ig a to r s  reported  a p o s i t iv e  
response. Mouse lymphoma c e l l s  were exposed to  DEHP, w ithout S9, and two 
doses were p o s i t iv e  (7 .5  pg/ml and 20 Mg/ml), in d ica t in g  a p o s i t iv e  
response fo r  DEHP without S9 in  t h i s  t e s t .  In  a sep a ra te  study (46) where 
MEHP and 2 -e thy lhexano l,  as w ell  as DEHP were t e s te d  in  the  mouse lymphoma 
c e l l  assay , a l l  th ree  substances were found to  be n eg a tiv e .  The doses were 
0 .016-1 .0  p l/m l -S9 and 0 .067-5 .0  n l/ml +S9 fo r  DEHP and 0 .013-1.0  yl/ml 
fo r  MEHP and 2-e thy lhexanol.

DEHP has a lso  been t e s te d  fo r  m utagenicity  in  Drosophila m elanogaster, 
using th e  sex - l in ked  re c e ss iv e  l e t h a l  (SLRL) and d i f f e r e n t  somatic 
recom bination and m utation assays. 20 ppm of DEHP adm inistered  v ia  
in je c t io n  d id  no t induce SLRLs (129). In the  IPCS study (9 ) ,  however, DEHP 
gave a p o s i t iv e  response in  the  u ns tab le  eye mosaic t e s t  in  two sep ara te  
experim ents, but only a t  one dose ( 6 . 1  mg/ml), and were weakly a c t iv e  a t  
611 Mg/ml in  another eye mosaic assay . No a c t i v i t y  however, was seen in  the  
wing spot t e s t  a t  s in g le  doses of 6.1 mg/ml. I t  was concluded t h a t  the  DEHP 
t e s t  r e s u l t s  may be in te rp re te d  to  show m arg in a l-p o s i t iv e  responses (9 ) .

7.2 DNA damage

D if fe re n t  en d -p o in ts ,  such as unscheduled DNA sy n th es is  (UDS), and s in g le  
s t ran d  breaks have been used to  d e te c t  damage to  DNA induced by DEHP in 
d i f f e r e n t  mammalian t e s t  systems. In a IPCS study (9) n ega tive  r e s u l t s  were
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obtained  when s in g le  s tran d  breaks were measured, e i t h e r  by a lk a l in e  
e lu t io n  in  hepatocytes , up to  3907 Mg/ml or a lk a l in e  sucrose sedim entation  
in CHO c e l l s ,  up to  39000 pg/ml. In the  IPCS study UDS was a lso  measured in 
e i t h e r  i s o la te d  hepatocytes or c u l tu red  HeLa c e l l s  by four d i f f e r e n t  
l a b o ra to r ie s .  One in v e s t ig a to r  d e tec ted  a p o s i t iv e  response of DEHP using 
i s o la te d  hepa tocytes . However, s ince  t h i s  r e s u l t  was only s t a t i s t i c a l l y  
s i g n i f i c a n t  a t  one dose and not d o s e - re la te d ,  the  consensus was t h a t  DEHP 
was nega tive  fo r  UDS.

In  a sep a ra te  study DEHP did  not induce DNA-repair in  primary r a t  
hepatocytes  (18). S im ila r ly  n e i th e r  DEHP nor MEHP induced any DNA-repair in  
primary human h epa tocy tes ,  from th re e  d i f f e r e n t  s u b je c ts .  In t h i s  study 
con cen tra t io ns  as high as 10 mM of DEHP and up to  0 .5  mM of MEHP were used 
and exposure continued fo r  18 hours. No induction  of DNA-repair or 
increased  a lk a l in e  e lu t io n  of DNA were seen in  hepatocytes  from e i t h e r  
female or male F-344 r a t s  t r e a t e d  w ith  DEHP in  v ivo . Peroxisomal 
p r o l i f e r a t i o n  was induced in male r a t s  t r e a t e d  with  500 mg/kg DEHP a t  2, 
12, 24 or 48 h before  s a c r i f i c e ,  or w ith  150 mg/kg/day DEHP fo r  14 
consecutive  days. Female r a t s  were t r e a te d  w ith  e i t h e r  12000 ppm in  the  
d i e t  fo r  30 days, or 500 mg/kg 2 h before  s a c r i f i c e ,  o r  the  combination of 
both trea tm en ts .

S im ila r  in  v iv o / in  v i t r o  measurements of unscheduled DNA sy n th es is  (UDS) in
hepatocytes were reported  by Kornbrust e t  a l  (48). Unscheduled DNA
sy n th es is  was not observed in  primary r a t  hepatocytes  exposed in  v i t r o  to  

-5 -210 -10 M DEHP or in  vivo by a s in g le  gavage dose of 5 g/kg 2, 15 o r 24 h
p r io r  to  i s o l a t io n  of hepatocy tes . D ie ta ry  concen tra t io n  of 2% DEHP led  to  
a marked p r o l i f e r a t i o n  of peroxisomes a f t e r  4 weeks. N either t h i s  trea tm ent 
nor the  a d d i t io n a l  adm in is t ra t io n  of a s in g le  gavage dose of 5 g/kg DEHP 
15 h before  s a c r i f i c e  to  animals fed th e  2% d ie t  fo r  8 weeks, or 4 weeks 
with  or w ithout p re trea tm en t  w ith  3 -a m in o - l ,2 ,4 - t r ia z o le  ( to  in h ib i t  
endogenous c a ta la s e  a c t i v i t y )  induced any d e te c ta b le  DNA-repair in 
h ep a to cy te s .
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R a d io ac t iv i ty  from ca rbo n y l- labe led  DEHP did not a s s o c ia te  w ith  p u r i f ie d
p ro te in ,  RNA or DNA from r a t  l i v e r  in  vivo. Label from 2 - e t h y l - ( l - ^ C ) -
h ex y l- lab e led  DEHP or MEHP did  appear to  a s s o c ia te  s t ro n g ly  with  p u r i f ie d

14DNA, but l a b e l  from f r e e  C -labeled  2 -e thy lhexanol d id  no t .  However the  
apparent binding of DEHP and MEHP was no t f u r th e r  c h a ra c te r iz e d  ( 8 ).

In  a s im i la r  study (57) DEHP ra d io lab e le d  in  d i f f e r e n t  p o s i t io n s  was
adm in istered  o r a l ly  to  female F344 r a t s  w ith  or w ithout p re trea tm en t fo r  4

14weeks with  1% unlabeled  DEHP in  the  d i e t .  A dm in is tra t ion  of C-
c a rb o x y la te - lab e led  DEHP re s u l te d  in  no measurable DNA r a d io a c t i v i t y  while

14r a d io a c t i v i t y  c le a r ly  was measurable a f t e r  ad m in is t ra t io n  of DEHP, C- or 3H -labeled  in th e  a lcoho l moiety, as well as a f t e r  ad m in is t ra t io n  of 2- 
e th y l ( l - ^ C ) h e x a n o l .  HPLC a n a ly s is  showed t h a t  th e  normal nuc leosides  had 
inco rpora ted  r a d io la b e l ,  while f r a c t io n s  expected to  con ta in  carcinogen- 
modified nucleoside  adducts d id  not con ta in  any r a d io a c t iv i ty .

DNA i s o la te d  from the  l i v e r s  of male F344 r a t s  adm in istered  2000 mg/kg DEHP
d a i ly  by gavage fo r  3 days was analyzed fo r  p o s s ib le  carcinogen-DNA adducts 

32by the  P -po s t lab e lin g  technique (43). No adducts were d e tec ted  in the-3DNA, which a lso  was the  case when DNA from hepatocytes  exposed to  10 M 
DEHP in v i t r o  fo r  4 h was analyzed.

7.4 Chromosomal E ffec ts

Chromosomal e f f e c t s  of DEHP have mainly been s tud ied  in  v i t r o ,  although 
some s tu d ie s  on the  induction  of m icronucle i in  p e r ip h e ra l  blood 
e ry th ro c y te s  of mice have been pub lished .

DEHP did  not induce any inc rease  in the  le v e l  of s i s t e r  chromatid exchange 
(SCE) in  Chinese hamster ovary (CHO) c e l l s ,  t r e a t e d  fo r  1 hour, e i t h e r  w ith  
or w ithout S9, with doses up to  10 mM (32). On the  o the r  hand, MEHP has 
been rep o r ted  to  induce SCEs in  V79 c e l l s  t r e a t e d  w ith  25 or 50 Mg/ml fo r  
24 hours, and 1500 Mg/ml fo r  3 hours (115). MEHP a lso  induced chromosomal 
a b e r ra t io n s  in  CHO c e l l s  and RL^ c e l l s  (from r a t  l i v e r ) ,  but only a t  
cy to to x ic  con cen tra t io ns  in  CHO c e l l s  (1 .0  and 1.3 mM; ± S9). MEHP was le s s

7.3 DNA-binding
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to x ic  to  RL  ̂ c e l l s  and nontoxic  con cen tra t io ns  between 2.0  and 6.5 mM gave 
a d o se - re la te d  inc rease  in  a b e r ra t io n s  (75).

The induction  of aneuploidy by DEHP was in v e s t ig a te d  both in  mammalian 
c e l l s  and in  fungi in  the  IPCS study (9 ) .  The mammalian assays , using 
e i t h e r  a f i b r o b la s t  c e l l  l in e  or Chinese hamster primary l i v e r  c e l l s ,  gave 
a p o s i t iv e  response a t  50 Mg/ml and a t  doses between 5 and 50 pg/ml, 
re s p e c t iv e ly .  Two out of four s tu d ie s  using fungi were a lso  p o s i t iv e  and 
th e  consensus was t h a t  DEHP had th e  p o te n t i a l  of inducing aneuploidy in  
v i t r o  in  both fungi and mammalian c e l l s .

DEHP and i t s  major m e tab o li te s  have a lso  been t e s te d  fo r  t h e i r  p o te n t i a l  of 
inducing m icronucle i. DEHP (0 .6 ,  3.0 or 6.0  g /kg /day/5  days) f a i l e d  to  
induce m icronuclei in  p e r ip h e ra l  blood e ry th ro cy te s  of B^C^F^ male mice 
during a A week period  (32 ). Negative r e s u l t s  were a lso  obtained  in  another 
mouse micronucleus t e s t  a f t e r  both a s in g le  dose 5 g /kg , as w ell as a f t e r  
m u lt ip le  doses of 5 g /kg /day. In  t h i s  study MEHP and 2 -e thy lhexanol were 
a lso  nega tive  ( 1 0 ) .

7.5 C ell  Transformation

DEHP induced c e l l u l a r  t rans fo rm a tion  has been s tud ied  in  se v e ra l  d i f f e r e n t  
experim ental systems. In  a t e s t  program (10) the  BALB/3T3 c e l l  transform a
t io n  assay was used with  and w ithout r a t  primary hepatocyte  a c t iv a t io n .  
DEHP (0.875-1 n l/m l)  as w ell as the  two m e tab o li te s  MEHP and 2- 
e thy lhexanol were rep o r ted  n eg a tiv e .  On the  o th e r  hand, the  m a jo r ity  of 
t rans fo rm a tio n  t e s t s  in  the  IPCS study (9) were p o s i t iv e  fo r  DEHP. Negative 
r e s u l t s  were ob ta ined  w ith  BALB/c-3T3 c e l l s ,  while  a study measuring the  
enhancement of v i r a l  t ran s fo rm a tio n  of Syrian hamster embryo (SHE) c e l l s ,  
was considered  to  be inco nc lus ive .  P o s i t iv e  responses were obtained  by four 
o th e r  in v e s t ig a to r s  (9 ) ,  using  SHE c e l l s ,  w ith  doses of 1-300 |ig/ml (two 
d i f f e r e n t  l a b o r a to r i e s ) ,  embryonic mouse f i b r o b l a s t s  a t  1000 ng/ml w ith  S9 
and 10 ng/ml w ithout S9, or r e t r o v i r u s - in f e c te d  F isch er  r a t  embryo c e l l s ,  
a t  th e  h ig h es t  dose t e s t e d ,  2000 pg/ml. In a se p a ra te  study (115) both DEHP 
(7500 mg/kg and 15000 mg/kg) and MEHP (375 mg/kg and 750 mg/kg) induced 
morphological t ra n s fo rm a tio n ,  as w ell as chromosomal a b e r r a t io n s ,  in  SHE 
c e l l s  a f t e r  t r a n s p la c e n ta l  a d m in is t ra t io n .
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The induction  of anchorage independence in JB6 mouse epidermal c e l l s  has 
been used to  study tumour promoting a c t i v i t y  in v i t r o .  This assay gave a 
p o s i t iv e  response fo r  DEHP a t  concen tra t ions  of 500 to  20,000 ppm/ml 
c u l tu r e  medium (31). In ano ther study (120) with the  same model system, 
both DEHP (1.3-51 x 10~ 6 M) and MEHP (2-5 x 10’ 8 M) were p o s i t iv e ,  while 2- 
e thy lhexanol (4-77 x 10  ̂ M) was nega tive .

There a re  a lso  a few s tu d ie s  on DEHP induced in h ib i t io n  of m etabolic  
coopera tion , which may be in d ic a t iv e  of the  promoting p o te n t i a l  of a 
substance . Metabolic cooperation  in  Chinese hamster V79 c e l l s  was not 
in h ib i te d  by DEHP a t  non-cy to tox ic  co n cen tra t io n s ,  300 nM (0.12 Mg/ml) or 
below (48). In the  IPCS study (9) one in v e s t ig a to r  rep o r ted  an in h ib i t io n  
in  V79 c e l l s  a t  non-cy to tox ic  concen tra t ions  of DEHP (25-200 Mg/ml in two 
sep a ra te  experiments and 5-25 ng/ml in  an o th e r) ,  while another 
in v e s t ig a to r ,  using V79 c e l l s  in  a microassay method, d e tec ted  a s l i g h t  but 
n o n -s ig n i f ic a n t  increased  in h ib i t io n  with doses between 10 and 200 nM.

7 . 6  Summary

Numerous s tu d ie s  on p o ss ib le  genotoxic e f f e c t s  of DEHP have been performed 
using d i f f e r e n t  sh o r t  term t e s t s .  The r e s u l t s  in d ic a te  t h a t  DEHP i s  not a 
d i r e c t  a c ting  genotoxic agent in  v i t r o .  With few exceptions m utagenicity  
s tu d ie s  both in b a c te r i a  and eu ca ry o tic  c e l l s  have been nega tive  and 
e s s e n t i a l l y  no p o s i t iv e  response has been obta ined  in  assays measuring DNA- 
damage. This i s  a lso  c o n s is te n t  with r e s u l t s  obtained in DNA-binding 
s tu d ie s ,  which have been unable to  d e te c t  any covalen t binding of DEHP or 
i t s  m e tab o li tes  to  DNA. Tests measuring chromosomal abbera tions  and SCE 
have a lso  la rg e ly  been nega tiv e .  However, MEHP has been found to  be a 
c las togen  in  v i t r o  but i t  has been argued t h a t  t h i s  e f f e c t  could be r e la te d  
to  the  su rface  a c t iv e  p ro p e r t ie s  of MEHP. A few in  vivo a ssay s ,  measuring 
the  induction  of m icronucle i ,  UDS or s t ran d  breaks in  DNA, have a lso  been 
performed with nega tive  r e s u l t s .  N either could any mutagenic m e tab o li tes  be 
d e tec ted  in  the  u r in e  from DEHP t r e a t e d  r a t s ,  using  a Salmonella assay . In 
c o n t ra d ic t io n  to  these  nega tive  r e s u l t s ,  a few in  v i t r o  assays measuring 
aneuploidy have mainly been p o s i t iv e .  D if fe re n t  c e l l  t rans fo rm ation  assays 
t h a t  have been performed have a lso  mainly been p o s i t iv e .  Although DEHP is  
not as thoroughly t e s te d  in  these  assays ,  the  mainly p o s i t iv e  r e s u l t s  
ob ta ined  in d ic a te  t h a t  DEHP can a f f e c t  the  c e l l u l a r  genome in v i t r o .
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8 CARCINOGENICITY

In a c a rc in o g e n ic i ty  s tudy (47, 62) groups of 50 male and female F ischer 
344 r a t s  and male and female B6C3F^ mice were fed d i e t s  con ta in ing  6000 or 
12000 ( r a t s )  or 3000 or 6000 (mice) mg DEHP/kg fo r  103 consecutive  weeks. 
Concurrent c o n t ro ls  (50 of each sex and sp ec ie s )  were fed d i e t  w ithout the  
ad d i t io n  of DEHP. A ll  of the  animals were given c o n tro l  d i e t  fo r  1-2 weeks 
a f t e r  103 weeks of t rea tm en t and were then k i l l e d  and examined both g ro ss ly  
and m ic ro scop ica l ly .  Food and water were supp lied  ad l ib i tu m . The 
adm in istered  co n cen tra t io ns  of DEHP were estim ated  to  be h a l f  maximally 
to l e r a t e d  doses and maximally to le r a te d  doses.

Table I .  Carcinogenic e f f e c t  of DEHP on the  l i v e r  (from r e f  62)

Control
Low
dose

High
dose

Hepatocellular carcinoma
Male r a t s 1/50 1/49 5/49
Female r a t s 0/50 2/49 8/50
Male mice 9/50 14/48 19/50
Female mice 0/50 7/50 17/50

Neoplastic nodules
Male r a t s 2/50 5/49 7/49
Female r a t s 0/50 4/49 5/50

Hepatocellular adenoma
Male mice 6/50 11/48 10/50
Female mice 1/50 5/50 1/50
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Under these  c o n d it ion s ,  DEHP caused an increased  incidence in  female r a t s  
and male and female mice of h e p a to c e l lu la r  carcinomas, and an increased  
incidence in  male r a t s  of e i t h e r  h e p a to c e l lu la r  carcinomas or n eo p la s t ic  
nodules. (See Table I . )  Twenty of the  57 h e p a to c e l lu la r  carcinomas in  the  
DEHP-treated mice (sexes and doses combined) had m etas ta s ized  to  the  lung. 
The 9 h e p a to c e l lu la r  carcinomas in con tro l  male mice a re  sa id  to  be w ith in  
a normal range (62).

The rep o r ted  decreased incidence of tumors of the  th y ro id ,  p i t u i t a r y ,  and 
t e s t i s  could be r e la t e d  to  an increased  endocrine a c t i v i t y  of th e  p i t u i t a r y  
gland (62).

The c a rc in o g e n ic i ty  of DEHP was supported by the  r e s u l t s  o f  another chronic 
study (78) even though the  group s iz e s  were small in  t h a t  study.

IARC (45) has made the  e va lua t ion  t h a t  th e re  i s  s u f f i c i e n t  evidence fo r  the  
c a rc in o g e n ic i ty  of DEHP p h th a la te  in  mice and r a t s ,  based on a 
s i g n i f i c a n t ly  increased  incidence of l i v e r  c e l l  tumors in  animals of both 
sp e c ie s ,  and an observed dose-response r e la t io n s h ip .

Two o th e r  long-term s tu d ie s  have been performed (21, 44), but due to  the  
small numbers of animals used, the  s tu d ie s  a re  inadequate to  a sse ss  the  
carc inogenic  p o te n t i a l  of DEHP.

9 SPECIAL STUDIES

Since DEHP in  most t e s t  systems lacks genotoxic a c t i v i t y  i t  has been 
hypo the tized  t h a t  the  carc inogenic  e f f e c t  i s  exe r ted  during the  promotion 
phase of h ep a to c a rc in o g e n ic i ty . DEHP has th e re fo re  been t e s te d  in  sev era l  
in i t ia t io n /p ro m o tio n  experiments in r a t s  and mice where the  end p o in t  has 
been the  number and/or volume of fo c i  of a l t e r e d  l i v e r  c e l l s .  As expected, 
DEHP lacks i n i t i a t i n g  a c t i v i t y  in  these  experiments (78, 120). DEHP is  a 
probable promoter of such fo c i  in the  mouse l i v e r  and accord ing ly  a 
p o ss ib le  tumor promoter in the  mouse (120). In  the  r a t ,  however, DEHP does 
not promote a l t e r e d  fo c i  during two years of feeding (78) and even seems to  
a c c e le ra te  the  reg re ss io n  or i n h ib i t  the  appearance of some kinds of such
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fo c i  (28, 29). The reasons fo r  t h i s ,  as w ell  as fo r  the  d iverg en t responses 
in r a t s  and mice, a re  unc lea r .

E x trap o la t io n  from mouse data  to  humans i s  considered  impossible s ince  the 
mechanism of a l t e r e d  fo c i  promotion in  mice i s  unknown.

10 EFFECTS ON MAN

Two a d u l t  su b je c ts  who were given 5 or 10 g of DEHP experienced no untoward 
e f f e c t s  a p a r t  from mild g a s t r i c  d is tu rban ces  and moderate c a th a r s i s  a t  the  
10 g dose (95). Three cases of n o n -sp ec if ic  h e p a t i t i s  were described  among 
27 hem odialysis p a t i e n t s  w ith  term ina l  re n a l  f a i l u r e .  The PVC blood tubings 
used re lea sed  DEHP in an amount of 10-20 mg/1 p e r fu s a te .  The symptoms and 
s igns of h e p a t i t i s  disappeared ra p id ly  when the  use of tubings not 
con ta in ing  DEHP was resumed (63).

There a re  very few data  on e f f e c t s  on man of s p e c i f i c  DEHP occupational 
exposure on man.

Two s tu d ie s  re p o r t  symptoms and s igns of polyneuropathy among 47 out of 147 
and 12 out of 23 workers examined in a Russian PVC-processing p la n t  and an 
I t a l i a n  p la n t  fo r  p h th a la te  production. The workers were exposed to  mixed 
p h th a la te s  and DEHP was a minor exposure, a t  l e a s t  in  the  Russian p la n t .
The t o t a l  p h th a la te  a i r  concen tra t io ns  recorded v a r ie d  between 1.7 and 66

3 3mg/m and 1 and 60 mg/m re sp e c t iv e ly  (36, 59).

In a study from a Swedish PVC-processing fa c to ry  the  presence of symptoms 
and s igns  from the  p e r ip h e ra l  nervous system were examined among 54 male 
workers exposed mainly to  DEHP, d i iso d e c y lp h th a la te  and some 
bu ty lb enzy lp h th a la te .  The workers were d iv ided  in to  th re e  groups of equal 
s iz e  with  mean p h th a la te  exposures 0 . 1 , 0 . 2  and 0.7 mg/m , r e s p e c t iv e ly .  
None of the  outcome v a r ia b le s  s tud ied  showed a s i g n i f i c a n t  a s so c ia t io n  with 
exposure (64). No su b jec t  rep or ted  work r e l a t e d  o b s t ru c t iv e  lung d isease  
and conventional lung fu n c t ion  t e s t s  showed no a s s o c ia t io n  with exposure.

Severa l biochemical param eters showed s ig n i f i c a n t  a s so c ia t io n s  with 
exposure. There was a s l i g h t  decrease of the  hemoglobin le v e l  w ith  time of
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employment as w ell as exposure in  the  l a s t  year.  A lp h a - l -a n t i t ry p s in  in 
serum increased  s l i g h t l y  with time of employment and immunoglobulin A in 
serum rose  with  r i s in g  exposure during the  l a s t  year (64).

One case of occupational asthma due to  DEHP has been rep o r ted  in a PVC- 
p rocessing  worker (17). When the  p a t i e n t  was exposed to  DEHP in an 
in h a la t io n  chamber an as thm atic  re a c t io n  was e l i c i t e d .  The ac tion  was 
in h ib i te d  by p r io r  ad m in is t ra t io n  of sodium chromoglycate.

A study of blood l i p i d s ,  serum a c t i v i t i e s  of l i v e r  enzymes and ro u tin e
hem atological t e s t s  was c a r r ie d  out among workers in  a German p la n t  fo r
DEHP p roduction . The study was negative  and uninform ative due to  lack of a

3c o n tro l  group and very low exposures, below 0.16 mg/m ( 1 1 2 ).

Thiess & F lieg  (110) in v e s t ig a te d  the  frequency of chromosome a b e rra t io n s  
in  10 workers engaged in  DEHP production  in the  same p la n t  from 10-30 
years .  There was no in c rea se  in chromosome a b e r ra t io n s  compared to  con tro l  
groups but a i r  exposure le v e ls  were very low, 0 .09-0 .16  mg/m .

A m o r ta l i ty  study of 221 workers exposed to  DEHP in  the  same p la n t  was a lso  
conducted in which th e re  were only 8 dea ths .  The study i s  uninform ative due 
to  small cohort s i z e ,  sh o r t  follow-up and low exposures ( 1 1 1 ) .

IARC (45) concluded t h a t  no adequate data  were a v a i la b le  to  a ssess  the  
c a rc in o g e n ic i ty  of DEHP to  humans.

11 CONCLUSIONS

Data on occupational exposure con cen tra t io ns  a re  l im ite d .  C oncentrations of
3DEHP up to  about 5 mg/m have been rep o r ted  but u su a l ly  the  i n d u s t r i a l

3le v e ls  of DEHP are  below 1 mg/m . In some cases the  t o t a l  p h th a la te
3exposure concen tra t ions  have been recorded to  be between 0 . 1  and 60 mg/m .

Dose dependent k in e t i c s  of DEHP or i t s  m e tab o li te s  have been ind ica ted  in 
s e v e ra l  s tu d ie s  as w ell as marked animal spec ies  d i f fe re n c e s  in metabolism. 
Induction  phenomena have a ls o  been descr ibed . These f a c t s  complicate
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e x t ra p o la t io n  from animal s tu d ie s  to  man and a lso  e x t ra p o la t io n s  from high 
doses to  low doses.

Data on e f f e c t s  of DEHP on humans a re  sca rce  and do not permit any 
conclusions on d o se -e f fe c t  or dose-response r e l a t io n s h ip s .

There a re  no d a ta  on h e a l th  e f f e c t s  from DEHP exposure o u ts ide  the  
occupational environment. A few s tu d ie s  of workers exposed to  p h th a la te  
m ixtures have been pub lished . However, no c o n s is te n t  f in d in gs  a re  reported .

One c a s e - re p o r t  suggests t h a t  DEHP could cause asthma.

In  animals few in h a la t io n  s tu d ie s  have been performed. The o ra l  and 
in t r a p e r i to n e a l  LD^q va lues exceed 25 g /kg, which in d ic a te  t h a t  DEHP has 
low acu te  t o x i c i t y .  Prolonged dosing of DEHP produces hepatomegaly and 
p r o l i f e r a t io n  o f peroxisomes. In  the  r a t  the  n o - e f f e c t  l e v e l  fo r  feeding 
s tu d ie s  appears to  be about 0.01% in  the  d i e t .  The n o - e f f e c t  l e v e l  in  the  
r a t  fo r  t e s t i c u l a r  atrophy fed DEHP i s  about 0.3-0.5% in  th e  d i e t ,  and i s  
more pronounced in young animals. Hamsters and mice appears to  be more 
r e s i s t a n t  to  the  t e s t i c u l a r  e f f e c t s  of DEHP.

In  r a t s  2% DEHP in th e  d i e t  throughout g e s ta t io n  produced an increased
incidence of re so rp t io n s  but not of malformations. In the  mouse, however,
0 . 1% throughout pregnancy increased  th e  incidence of em bryo le tha li ty  and 
abn o rm a li t ie s .  Days 7-9 of g e s ta t io n  were most s e n s i t i v e .  The dose, 0.05 
g /kg , to  mice which induced f e to to x i c i t y ,  i s  no t expected to  induce
m aternal t o x i c i t y .  C on trad ic to ry  r e s u l t s  a re  obtained in  f e r t i l i t y  s tu d ie s
with  DEHP.

R esu lts  from se v e ra l  d i f f e r e n t  g en o to x ic i ty  t e s t s  in d ic a te  t h a t  DEHP and
i t s  major m etab o li te s  do not e x h ib i t  any d i r e c t  genotoxic e f f e c t  in  e i th e r
b a c t e r i a ,  fungi or mammalian c e l l s  in  v i t r o .  This has a lso  been confirmed
in binding s tu d ie s  w ith  DEHP, which in d ica ted  t h a t  DEHP and i t s  m e tabo li tes  
do not i n t e r a c t  cov a len tly  with  DNA. However, i t  has been e s ta b l i s h e d  th a t  
DEHP has the  p o te n t i a l  of inducing aneuplo id i in  fu n g i ,  as w ell  as in 
mammalian c e l l s  in  v i t r o .  These r e s u l t s ,  to g e th e r  w ith  se v e ra l  p o s i t iv e  
r e s u l t s  obta ined  in  d i f f e r e n t  c e l l  t rans fo rm a tion  a ssay s ,  in d ica te  t h a t  
DEHP can e f f e c t  the  c e l l u l a r  genome in  v i t r o .
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DEHP a c ts  as a tumor promoter in  mouse l i v e r  but not in r a t  l i v e r  in  
e s ta b l is h e d  in  vivo t e s t  systems.

High doses (12000 mg/kg in  r a t s ;  6000 mg/kg in  mice) of DEHP in  a feeding 
study r e s u l te d  in increased  incidences of h e p a to c e l lu la r  carcinoma.

Based on animal da ta  i t  can be concluded t h a t  DEHP i s  carc inogenic  and 
te r a to g e n ic .  Due to  a lack  of human data  th e  degree of r i s k  to  humans can 
not be eva lua ted , but DEHP should be considered as p o t e n t i a l l y  carc inogenic  
and te r a to g e n ic  to  humans.

12 SUMMARY

12.1 Summary in  English

P. Garberg, J .  Hogberg, I .  Lundberg, P. Lundberg. NIOH and NIOSH b as is  fo r  
an occupational h e a l th  standard : D i(2 -e th y lh e x y l)p h th a la te .  Arbete och
Halsa 1989:25, pp 1-53.

The document i s  a survey of the  l i t e r a t u r e  with  regard  to  h e a l th  e f f e c t s  of 
exposure to  DEHP. Data on occupational exposure le v e ls  and e f f e c t s  on 
humans a re  l im ite d .  DEHP i s  hydro lized  to  MEHP and fu r th e r  ox id ized . No 
accumulation has been observed.

DEHP has a low acute  t o x i c i t y .  Long-term exposure to  r a t s  causes t e s t i c u l a r  
atrophy. DEHP i s  carc inogenic  and te ra to g e n ic  in  ro d en ts .  Most g en o to x ic i ty  
t e s t s  have been nega tive .  However, c e r ta in  t e s t s  have in d ica te d  t h a t  DEHP 
may a f f e c t  the  genome in  v i t r o .

Key words: DEHP, t e s t i c u l a r  atrophy, t e r a to g e n ic i ty ,  c a rc in o g e n ic i ty ,  
g eno to x ic i ty

12.2 Sammanfattning pa svenska

P. Garberg, J .  Hogberg, I .  Lundberg, P. Lundberg. NIOH and NIOSH b as is  fo r  
an occupational  h e a l th  s tandard : D i(2 -e th y lh e x y l)p h th a la te .  Arbete och
Halsa 1989:25, s 1-53.
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Dokumentet u tgô r  en sammanstâllning av l i t t e r a t u r u p p g i f t e r  b e trà ffande  
h a l s o e f f e k te r  v id  exponering fo r  DEHP. Data pâ exponeringsnivâer i  
a rb e tsm il jo  och e f f e k te r  pâ mànniska à r  begrànsade. DEHP h ydro lyse ras  t i l l  
MEHP soin oxideras v id a re .  Nâgon accumulering har i n te  o b se rv e ra ts .

DEHP har lâg  a k u t t o x i c i t e t . Lângtidsexponering av r â t t a  o rsakar 
t e s t i k e l a t r o f i . DEHP ar carcinogen och te ra to g en  fo r  gnagare. De f i e s t a  
g e n o to x ic i t e t s t e s t  har g i v i t  nega tiv a  r é s u l t a t .  V issa t e s t  antyder a t t  DEHP 
dock kan pâverka genomet in  v i t r o .

Nyckelord: DEHP, t e s t i k e l a t r o f i ,  t e r a t o g e n i c i t e t ,  c a rc in o g e n ic i te t ,  
g e n o to x ic i te t
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