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human renal MT-1 and rabbit hepatic MT-2; 
the primary structures of mammalian me- 
tallothionein are similar. Thus, the fuse for­
mation may be due to the same amino acid 
sequence in the antigenic determinant against 
antibody in mammalian metallothioneins. On 
the other hand, Chen and Whanger“ ’ 
reported that the two species of MT isolated 
from the same organ of the ra t possess 
different antigenic properties. Our results of 
double diffusion test between carp hepato- 
pancreatic and kidney metallothionein showed 
a clear difference of structures and sequence

of antigenic determinant against antibody.
We found that the amino acid compo­

sition of carp metallothionein is different 
from that of mammalian metallothionein, and 
the antigenic determinant in carp metallo­
thionein is different from that in mammalian 
metallothioneins.

A c k n o w le d g e m e n t  T h e  a u th o rs  w ish  to  

th a n k  T a k iz o h  K u d o h , h e a d  o f  D e p a r tm e n t o f 

A g r ic u ltu re  a n d  F o re s try  o f  G ifu  C ity  O ffice , fo r  

th e  g if t  o f  p ig  k id n ey .

R e f e r e n c e s

1) M . P isc a to r , N o rd . H yg . T id sk r ., 45, 76 (19 6 4 ).
2 )  G .F . N o rd b e rg , E n v iro n . P h ysio l. B iochent., 2, 7  (1972).
3 )  M . W e b b  a n d  M . D a n ie l, Chem . -B io l. In tera c t., 10, 269 (1 9 7 5 ).
4 )  Z .A . S h a ik h  a n d  J.C . S m ith , C hem . ‘B io l. In te ra c t., 19, 161 (1 9 7 7 ).
5 )  Y . K o jim a , C . B e rg e r  a n d  J .H .R . K ag i, "M e ta llo th io n e in ” ed . by  J .H .R . K ag i, M . N o rd b e rg ,

B irk h a u s e r  V e rla g , B asel, 1979, pp. 153— 161.
6)  M . K im u ia , "B io c h e m ic a l A p p ro a c h  in  T o x ic o lo g y ” ed . b y  N . Im u ra , M . N a k a o , a n d  T .  S u z u k i 

S h in o h a ra  P u b lic a tio n s , T o k y o , 1980, pp. 67— 68.
7 )  A .J . Z e lazo w sk i, J .A . S z y m a n sk a  a n d  C.S. C ie rn ie w sk i, Chem . -B iol. In te ra c t., 33i 115 (1 9 8 0 ).
8)  K . L e rch , D . A m m e r  a n d  R .W . O la fso n , F E E S  L e tt .,  126, 165 (1 9 8 1 ); K . L e rc h , D. A m m e r  an d  

R .W . O la fso n , / .  B io l. Chem ., 257, 2420 (19 8 2 ).
9 )  H . K ito , Y . O se, V . M iz u h ira , T .  S a to , T .  Ish ik a w a  a n d  T .  T a z a w a , Com p. B iochem . P hysio l.,

73C, 121 (1 9 8 2 ); H . K ito , T . T a z a w a , Y . O se, T .  S a to  a n d  T .  I sh ik a w a , C om p. B iochem . P hysio l.,
73C, 129 (1982).

10) B .J. D av is , A n n . N .Y .  A ca d . Sci., 121, 404 (1 9 6 4 ).
11) W . D iezel, G . K o p p e rsc b la g e r  a n d  E . H o fm a n n , A n a l, B iochem ., 48, 617 (19 7 2 ).
12) O . O u c h te r lo n y , A c ta  P a th o l. M icrob io l. Scand ., su p p l. 32, 231 (1973).
13) P . A n d re w s , B iochem . / . ,  91, 222 (1 % 4 ) .
14) F . N o e l-L a m b o t, C .H . G e rd a y  a n d  A . D is te c h e , C om p. B iochem . P hysio l., 61C, 177 (1978).
15) H . T a k e d a  a n d  C . S h im izu , B u ll. Jap . Soc. S c i. F ish ., 48, 717 (1 9 8 2 ).
16) M . Y a m a m u ra  a n d  K .T . S u zu k i, E is e i  ka g a ku , 29, 100 (19 8 3 ).
17) J . O v e rn e ll  a n d  T .L . C o o m b s, B iochem . / . ,  183, 277 (19 7 9 ).
18) H .L . L e y  I I I ,  M .L . F a il la  an d  D .S . C h e rry , Com p, B iochem . P hysio l., 74B , 507 (1983).
19) C . T o h y a m a  a n d  Z .A . S h a ik h , B iochem . B io p h y s . R es . C om m un., 84, 907 (19 7 8 ).
20) R .J . V a n d e r  M a llie  a n d  J.S . G a rv e y , Im m u n o c h e m is try ,  15, 857 (1978).
21) C . T o h y a m a  a n d  Z .A . S h a ik h , F u n d a m . A p p l.  Toxicol., 1, 1 (1981).
2 2 ) R .W . C h e n  a n d  P .D . W h a n g e r , B iochem . M ed., 24 , 71 (19 8 0 ).
2 3 ) Y . K o jim a , C . B e rg e r , B .L . V a lle e  an d  J .H .R . K ag i, P roc. N a tl. A ca d . Sci. U .S.A ., 73, 3413 

(1976).



c m 2 m )

mmiEm,'^

Chemical Approach to  Contact D erm atitis Caused by Household Products. II.
Analysis of A ntioxidants in  Commercial Rubber Gloves and Incidence 

of Positive Reactions to  A ntioxidants in Patch Testing

M a s a -a k i  K a n iw a ,® S h ig e o  K o jim a ,“ A k it a d a  N a k a m u r a ,®

H ir o m i K a n t o ,® M a s a t o s h i  It o * a n d  M a s a r u  I s h ih a r a *’
N a tio n a l In s t i tu te  o f  H y g ie n ic  Sciences,'^ 1 -1 8 -1 , K a m iy o g a , S e ta g a ya -ku ,

T o kyo  1 5 8 , Ja p a n  a n d  School o f  M ed ic ine , Toho  U n iversity ,

O m o r in isk i, O ta-ku , T o kyo  1 4 3 , Ja p a n

(R e c e iv e d  D e c e m b e r 22, 1983)

A n tio x id a n ts  in  37 d if fe r e n t  b ra n d s  o f  co m m erc ia lly  a v a ila b le  ru b b e r  g lo v es  m a in ly  fo r  d o m e s tic  

u se  w e re  a n a ly se d  b y  th e  m e th o d  p re v io u s ly  r e p o r te d  (M . K a n iw a , S. K o jim a , A , N a k a m u ra , 

M . I sh ih a ra , E ise i K a g a k u , 28, 137 (1 9 8 2 )) .

I t  w as c la r if ie d  th a t  a lm o s t e v e ry  b ra n d  o f  th e  d o m e s tic  g lo v es  c o n ta in e d  o n e  o r  tw o  o f  th e  

fo llo w in g  p h e n o lic  a n t io x id a n ts :  2 , 2 '-m e th y le n e -b is  (4 -m e th y I-6 -te r^ -b u ty Ip h e n o l)  (M B M B P ) , s ty re n a -  

te d  p h e n o l ( S P ) ,  2 , 2 '- iso b u ty lid e n e -b is  ( 4 , 6-d im e th y lp h e n o l)  ( IB B D M P ) , 4 , 4 '-b u ty lid e n e -b is  (3 -m e th y l-  

6 - fe r^ b u ty lp h e n o I)  (B B M B P ). A  n i tro g e n -c o n ta in in g  a n tio x id a n t ,  A^-isopropyl-A^'-phenyl-/>*phenyJ* 

e n e d ia m in e  ( IP P D ) ,  k n o w n  as a  s tro n g  se n s itiz e r , w as d e te c te d  in  o n e  b ra n d  o f  g lo v es  fo r  in d u s tr ia l  

use. T h e  fre q u e n c ie s  o f d e te c tio n  o f  th e  a n t io x id a n ts  w ere  as fo llo w s: M B M B P , 1 9 /3 7 ; S P , 8 /3 7 ; 

IB B D M P , 6 /3 7 ;  B B M B P , 1 /3 7 ; IP P D , 1/37.

P a tc h  te s tin g  to  v a r io u s  a n t io x id a n ts  w as a lso  s tu d ie d  in  40 p a t ie n ts  w ith  a lle rg ic  c o n ta c t 

d e rm a t i t is  f ro m  ru b b e r  o r  po ly  (v in y l  c h lo r id e )  m a te r ia ls . N o  o n e  re a c te d  to  th e  p h e n o lic  a n t i ­

o x id a n ts  te s te d , in c lu d in g  M B M B P  an d  S P . O n  th e  o th e r  h a n d , a b o u t o n e  th ird  o f  th e  p a tie n ts  

re a c te d  to  IP P D .

F ro m  th e  re su lts , i t  is  p re fe rre d  to  u se  th e  p h e n o lic  a n t io x id a n ts  fo r  n o t  o n ly  d o m e s tic  b u t  

a lso  in d u s tr ia l  ru b b e r  g loves.

K e y w o r d s ------ a n t io x id a n t  d e te rm in a t io n ;  co m m erc ia l ru b b e r  g lo v e s ; 2 , 2 '-m e th y le n e -b is  (4 -m e-

th y l-6- /e r /-b u ty lp h e n o l) ;  s ty r e n a te d  p h e n o l; 2 , 2 '- iso b u ty lid e n e -b is  ( 4 ,6-d im e th y lp h e n o l) ;  4 , 4 '-b u ty l-  

id en e -b is  (3 -m eth y l-6 -/e? ‘/ -b u ty lp h e n o I ) ;  JV -isopropyl-A ^ '-phenyl-/> -phenylenediam ine; p a tc h  te s tin g ;  

p o s it iv e  r e a c tio n  in c id en ce

m s  -rym^Ltz.
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T a b l e  Ib . A n a ly tic a l  D a ta  o f  A n t io x id a n ts  an d  P la s tic iz e rs  
R u b b e r  G lo v e s  by  F o re ig n  M a n u fa c tu re rs

in  C o m m erc ia l

N o . B ra n d M a n u fa c tu r e r / ’ D is t r ib u to r U se C o lo r C o n te n t ,  / tg /g  
M B M B P ''’

27 H a n d y A n se ll D o d w e ll &  C o D Y ello w 1820
28 B e a u ty A n se ll D o d w ell &  C o D O ra n g e 1940
29 N e w  A u s tra l A n se ll D o d w e ll &  C o D B lu e 1490
30 A n se ll A n se ll D o d w e ll &  C o D 'R e d  ( o u ts id e )  1700 

^M oss-green ( in s id e )
31 H o u se h o ld  G lo v e s A n se ll N ip p o n  N . R . D ru g D B lu e-g reen 6810
32 M a rig o ld L o n d o n  R u b b e r J a rd in  M a th e so n  &  C o D R e d 244
33 *** H u tc h in s o n  M apa S h o w a K a k o D P in k 645
34 P a r is  G lo v es H u tc h in so n  M apa S h o w a K a k o D R ed 5170
35 F ra n c e  B a lte x H u tc h in so n  M apa M iy a i S an sh o D P a le  b lu e-g ree n 1040
36 K u rsa a l Lux^^ S, A . E . K u rsa a l T a k i  G o m u  K a g a k u D P in k -

37 M e rcy  R obe*’ S. A . E . K u rsa a l F u m a k illa D Y ello w -

a) ••• : unknown brand-name.
b) Obtained as gloves caused contact derm atitts.
e) D, for dom estic use i ND, fo r non-domestic use ; M, fo r medical use.
d) The full names are  shown in Table II. O ther antioxidants and plasticizera shown in Table II were not detected, 
tf) Phenolic antioxidants of unknown structures were detected.
f )  Ansell, in M alaysia : London Rubber, in M alaysia > Hutchinson Mapa, in France, S .A .E . Kursaal, in Spain.
g) — • not detected.

T a b l e  I I . A n t io x id a n ts  a n d  P la s t ic iz e rs  U s e d  in  th e  E x p e r im e n t

N o. C o m p o u n d A b b re v ia tio n T ra d e  n am e* ’

A n tio x id a n t
1 6 -E th o x y -2 ,2 , 4 - t r im e th y l- l ,  2 -d ih y d ro q u in o lin e E T M D Q A n tig e n  A W
2 P o ly ( 2 ,2 , 4 - t r im e th y l- l ,  2 -d ih y d ro q u in o lin e ) T M D Q N o crac  224
3 P h en y l-a r-n ap h th y lam in e P A N N o crac  P A
4 iV -(3 '-H y d ro x y b u ty lid e n e )-a :-n a p h th y la m in e H B N A N o c ra c  C
5 P h e n y l- |3 -n a p h th y la m in e P B N N o c ra c  D
6 /> -P heny lened iam ine*’ P P D
7 A M so p ro p y l-iV '-p h en y l-^ -p h en y len ed iam in e IP P D N o crac  810-N A
8 N ,  JV '-D i-jS-naphthyl-^>-phenylenediam ine D N P D N o crac  W h ite
9 N ,  iV '-D ip h en y l- /)-p h en y len ed iam in e D P P D N o c ra c  D P-1

10 A ^-(3 -M eth ac ry lo y lo x y -h y d ro x y p ro p y l) 'A ^ '-p h en y l- / '-p h en y len ed iam in e  M P P D N o crac  G-1
11 A/’-( /> -T o lu en esu lfo n y l)-A r'-p h en y l-^ -p h en y len ed iam in e T P P D N o c ra c  T D
12 2, 6 -D i-te r /-b u ty l-4 -m e th y lp h e n o l B H T N o c ra c  220
13 S ty re n a te d  p h en o l S P N o crac  S P -N
14 2 , 5 -D i-/er^ -bu ty l-h y d ro q u in o n e* ’’ D B H Q
15 2 , 2 '-M e th y le n e -b is (4 -m e th y l-6 - te r /-b u ty lp h e n o l) M B M B P N o c ra c  N S -6
16 2, 2 '-M e th y le n e -b is (4 -e th y l-6 - te r /-b u ty lp h e n o l) M B E B P N o crac  N S-5
17 2 , 2 '- Is o b u ty lid e n e -b is (4 ,6-d im e thy lpheno l)*^ IB B D M P
18 1, l '-B is (4 -h y d ro x y p h e n y l)c y c lo h e x a n e B H P C A n tig e n  W
19 4 , 4 '-B u ty lid e n e -b is (3 -m e th y l '6 -^ e r /-b u ty lp h e n o l) B B M B P A n tig e n  B B M S
20 4 , 4 '-T h io -b is(3 -m e th y l-6 -?« ?‘i-b u ty lp h e n o l) T B M B P N o c ra c  300
21 D ila u ry l 3 ,3 '- th io d ip ro p io n a te* * D L T D P
22 T r ip h e n y l  p h o sp h ite* ’ T P P I
23 T r ip h e n y l  p h o sp h a te* ’ T P P A

P la s tic iz e r
24 D ib u ty l  p h th a la te * ’ D B P
25 B u ty lb e n z y l ph th a la te* '’ B B P
26 D i’(2 -e th y lh e x y l)  p h th a la te * ’ D E H P

a) "Nocrac,”  by Ouchi Shinko Chemical Ind. Co. 
"A ntigen,” by Sumitomo Chemical Co., Ltd.

b) Purchased from  Tokyo Kasei Kogyo Co., Ltd.
c) Synthetized in our laborator>-.



40 30 20 18 16 14 12 10 8 (X 1 0 "cm -')

F ig .  1 . I n f r a r e d  S p e c tru m  ( A )  a n d  P ro to n  
N u c le a r  M a g n e tic  R e so n a n c e  S p e c tru m  
( B ) ,  o f  A u th e n t ic  IB B D M P

IBBDMP: Colorless needle (recrystallized from  hexane), 
mp 155—156°C.
(A) : M easured by KBr method.
( B ) : ppm, in CDCla : 0.88, 0.91 (aliphatic methyl, 6H), 
2.17, 2.22 (arom atic methyl, 12H), 2.56 (m ethine, IH), 
3.95, 4.00 (doublet. / —10.5 Hz, benzylic H, iH), 5.87 
(phenolic OH, 2H), 6.72, 6.95 (arom atic H. 4H).

3 K V ,  i  t f i .  M S

fx k ,  -f : ^ v J p 5S « m i O K V .

B .  T a b le  I I  L fclR iPnO  5 t s ,

N o . 1 - 3 ,  6 - 9 ,  11 N o . 13, 15, 16,

18, 20 t H 3 a o ^ f b £ ? ± m ^ l O

% . 1 % ,  0 . 1 % O i S ^ - C S a 7 - f e  !) y p i i i ^ a t ,  lb ®  

liiPpSO y b •'< y y
- J  t f c .  4 8 ^ ra . 72^
fSi,

iSSft*(11980^*‘ ib l9 8 2 ^ 0 ia tc m S : f c ^ ^ l^ * « ^

i^ » rS K fc ^ o 3 0 «  : ^ 9 « ,  *-21«,
1 5 - 5 8 a ) .

^»r3h .fc^)O l4€  (a t'S ¥  : ^ l « ,  *13« , ^W18 
- 5 7 ® )  -V , 5 - b 4 « A 'S ®  L T H ,'f c .

m ^  m nk
1. f - - y 7 7 4 -

a?rf& 5 0 0 ^ g  'y i )  iJ Y /U :f}  =7 A

1 BUT (105) 1 
( 81) '2 DBIIQ

3 I’AN (117 '
4 IlIiAN a i o )
5 I ' l J N (102)
6 S I'-2 (103)
7 S P -4 ( 97)
8 MUMDP a i 3 )
9 MHKBP (111)

10 T l’l’I (  83)
] I DKIIP (123)
12 KTMDQ (109)
13 DIM’D (109)
14 .Sl*-1 ( 98)
IS Sl> 3 (103)
16 lUMDMP ( 88)
17 o » /n n > (123>
18 Din* (135)
19 HBl* n i3 )
20 l i ’I’D (110)
21 11‘1’D ( 94)
22 HIM'C ( 97)
23 HMMHI’ 0 0 7 )
24 T H M H I ’ ( 123)
25 •Il’I’A 'J03)
26 MIM’D ( 92)

50 100 150 200 250 (ml)

B C 

Frftction

D

F ig . 2. E lu t io n  B e h a v io r  o f  A n t io x id a n ts  an d  
P la s t ic iz e rs  on  S ilica  G el C o lu m n  
C h ro m a to g ra p h y

: phenolic antioxidant,
I : nitrogen-containios antioxidant, 
I : o ther type antioxidant.
: plasticizer.

Sample : 500 MS of each compound was loaded.
Column : 5 g  of silica gel (Kieselgel 6 0 , 70—230 mesh) 
dispersed in hexane was packed into a glass column of 
10 mm I. D.
Fractionation : Fr. A (w ith 50 ml of hexane), Fr. B 
(w ith 50 m l of 5 % ether in hexane), Fr, C (w ith 50 ml 
of \Q% e ther in hexane), Fr, D (w ith 50 ml of 50% 
ether in hexane), Fr. E (w ith 50 m l of methanol).
The values in parentheses show to ta l recoveries (%) 
from  the column.
a) Compounds were found over several fractions in 
the percentage ratios described along the boxes.

? P-?  ̂ ^ 7  7  .f
F ig . 2 K ^ L f c .

b -e^L /c . t f z ,
C % )

2. ('^=7-74 -
7 p-7 h

G C  1= '̂̂  h F ig . 3

f f i m g a  ippD
l . O O ^ L t z J :

^ iS B f * # o V ''C  s ty re n a te d  p h en o l (S P )  O  

S P-2  1 .3 4 )  i  2 .2 '-

m eth y Ien e -b is (4 * m eth y l-6 -ie r/-b u ty lp h e n o l)  (M B M B P )



1
F v. A

F r .B 4 el 7
, , . . I , T-

14 12
F r .C
..................

t i s '  ' i
4

SI9 I 
15 17

■ ■ ■ ■ . t  ■ I.

F r .D
20 16 1323^25 22111,24 4.0

21

F r . E 26 21

0 0.5 1.0 1.5 2.0
R ela tive  re ten tio n  tim e to  IP P D  

F ig .  3 . G as C h ro m a to g ra m s  o f  A u th e n t ic  A n t i ­
o x id a n ts  an d  P ia s tic iz e rs

C ondition: 2 % OV-1 on Gas Chrom Q (80-100 mesh), 
glass column 150 cm x 3 mm I. D. : tem perature, column 
J5 0  _  275®C (lO^C/min), injection port and detector 
2W ’C : carrie r gas (nitrogen), 60 m l/m in : detection 
(flam e ionization detector), hydrogen 0.4 kg/cm*, air
0.5 kg/cm* The retention tim e of IPPD was 8.05 min. 
Num bers in Fig. are  the same w ith those in Fig. 2 :
1 BHT. 2 DBHQ. 3 PAN, 4 HBAN. 5 PEN, 6 SP-2.
7 SP-4, 8 MBMBP, 9 MBEBP, 10 TPPI, 11 DEHP.
12 ETMDQ. 13 DPPD, 14 SP-1, 15 SP-3, 16 IBBDMP,
17 DLTDP, 18 DBP. 19 BBP, 20 IPPD, 21 TPPD.
22 BHPC, 23 BBMBP. 24 TBMBP, 25 TPPA , 26 MPPD.

( 1. 35) ,  6 -e th o x y -2 ,2 ,4 - tr im e th y l- l ,2 -

d ih y d ro q u in o lin e  (E T M D Q )  (0 .5 7 )  h  S P

S P-1 (0 .5 8 )  L A ‘ L ,

S P  l i  S P - 1 - 4

O 'C ,  ©  t* “  ^  M B M B P , E T M D Q

o .5 m i  t L .

O  g c k ^ \ l , f i d  O j l g s ^  10* M Q . u

0 .1 6 V  t L .  t r - 0 . 5  cm  W i i O l i

tr ip h e n y l

p h o sp h a te  ( T P P A ) ,  /^ -(3 '-h y d ro x y b u ty lid e n e ) -a -  

n a p h th y la m in e  (H B A N ) T l 't i l t l  1 0 /^ g /g , S P , N -

(m e th a c ry lo y lo x y -h y d ro x y p ro p y l)-A ^ '-p h e n y l-^ -p h e -  

n y le n e d ia m in e  (M P P D ) ,  ^ - (p - to lu e n e su lfo n y l) - /^ '-  

p h e n y ie n e d ia m in e  ( T P P D ) ,  d ila u ry l 3 ,3^-th iod ipro*  

p io n a te  (D L T D P )  'OiiflfO 5 f i g /g ,  1 p g /g

3. •7X7>'^<7 hP y h U-

m  Y y ^ ^ m ' ^ L t z .  f z t i h ,  S P t i G C -

M S  S P - 1 - 4  b /u

T a b le  I II  K ^ L t z .

T P P D , d i  (2 -e th y lh e x y l)  p h th a la te  (D E H P )

T P P D  ( ^ ^ i  338)

C m /z  184)

<D7 5  y  b -i f a i i ,  A ^-phenyl-a-

n a p h th y la m in e  ( P A N )  t  ^ -p h e n y l-^ -n a p h th y la m in e  

(P B N )

m ^ i i  G c  x - < o ^ w  ‘C * j  0 ,

G C -M S  d i f f l V ' i b n s m # ( i E 3 i J

4. t t i a a o t tw

M B M B P , S P , IB B D M P , IP P D , f e i O f B H T t O S t t

nmK. l -c
j S S t i  L - C t i ,  r - f e  h y  : p

(1  : 1)  h y  : - < v - tT y  (1  : 1)  M«E,

y - f e b v ,

T a b le  IV

t - f .  ^B°n 200/»g t^OV'-C^SSSOmlcfa-cSO’C <0 

« ± “C 2 ^ r a 1 M S - S f c .  M B M B P , IB B D M P . S P . 

IP P D  B H T

200 ;ig

K oV >-C «50m l 4>-C*2 t r a i l s i  5 S -^ fc tw 6 , ^

b h t  t i i r a j S r

N o . 1 (M B M B P  4 : ^ t f ) ,  N o . 5 ( IB B D M P

N o . 2 5 ( S P f c J ; 0 ' I P P D ^ - g - t r )

V ( B H T ^ - ^ t j )  # A * ^ l g  

h y  : P  p

.+.^uA ( 1 : 1)  W 'C 3 o ^ } ‘r«i,

f c i ^ © i * m i ^ i o o ( % ) i u x ^ L f c .  i - r ,  8 0 ^ - c

B H T £ 0 ^ ^ t l l W ' > ' ^ ' / - / ^ U ^ - e  

( i 60% W T i ® * * o f c .  t t z ,  5  L f c t c

W T i i £ <  , T’ - t  b y - C i i B H T  t  S P  d*^-?(£> .'ls lll5 l

y  : ( I t l )  , T - f e h v ' ^ ' ^ y - t f y

(1 : 1)



T a b l e  I II . M a ss  S p e c tra l D a ta  o f th e  A u th e n t ic  A n t io x id a n ts  a n d  Plasticizers<>’

M o le c u la r  w e ig h t F ra g m e n t  io n , m / i  ( r e la t iv e  in te n s ity , jt)

E T M D Q 217 217
(  14. M * )

202
ClOO)

174
(  42)

145
(  17)

P A N 219 220 
(  20) ( 100, M O

218
(  70)

217
(  55)

216
(  20)

H B A N 193 194 
(  12)

193
(  54. M O

192 
(  18)

71 
(  26)

69 
(  18)

57 
(  25)

55 
(  25)

44
( 100)

P B N 219 220 
C 21)

219
( 100. M O

218
(  38)

217 
(  25)

IP P D 226 226
(  74 . M + )

211
( 100)

183
(  35)

169 
(  13)

167 
(  13)

77
(  13)

D P P D 260 260
( 100. M ^ )

183 
(  15)

169
(  25)

168 
(  13)

167 
(  19)

130 
(  10)

77 
(  12)

M P P D 326 327 
(  28)

326
( 100. M ^ )

197
(  82)

184
(  10)

167
C 12)

92 
(  14)

69 
(  10)

T P P D 338 184 
(  26)

91
(  62)

90 
(  33)

45 
(  67)

44
( 100)

43
(  52)

39 
(  20)

B H T 220 220
(  25, M +)

205
( 100)

177 
(  7 )

145 
(  12)

57 
(  16)

SP-1 198 198
(  46. M-")

183
( 100)

165 
(  25)

S P

S P -2 302 302
(  67 . M +)

287
( 100)

210 
(  46)

198 
(  12)

105 
(  17)

S P -3 302 302
(  50, M +)

287
( 100)

210
(  26)

198
(  19)

105 
(  31)

S P -4 406 406
C 47 , M O

391 
(  70)

314
(  20)

302 
(  20)

235 
(  15)

105
( 100)

D B H Q 222 222
(  75, M + )

220 
(  23)

207
( 100)

205 
(  22)

57
(  75)

44
(  35)

43
(  37)

41
(  57)

M B M B P 340 340
(  80 . M O

283 
(  20)

177
( 100)

164
(  60)

155 
(  18)

149 
(  40)

127 
(  20)

121 
(  20)

57 
(  20)

M B E B P 368 368
C 82 . M ^ )

311
(  24)

191
( 100)

178 
(  70)

175 
(  48)

163
(  35)

57 
(  23)

IB B D M P 298 298
(  30 . M O

256 
(  20)

255
( 100)

91 
(  10)

43
(  8)

B H P C 268 269 
(  30)

268
(  90, M O

226 
(  22)

225
( 100)

199 
(  34)

197 
(  15)

149
(  27)

131 
(  33)

107
(  35)

B B M B P 382 382
(  18. M O

340
(  30)

339
( 100)

177
(  12)

176
(  9 )

162 
(  10)

161
(  8)

57 
(  15)

T B M B P 358 358
( 100, M O

343 
(  20)

196 
(  38)

181 
(  72)

164 
(  27)

149
(  73)

121
(  20)

D L T D P 514 514
(  5 . M O

346 
(  10)

329 
(  10)

178 
(  40)

161
(  35)

143
(  60)

105 
(  22)

89 
(  36)

85 
(  25)

71
C 45)

69 
(  45)

57 
(  95)

55 
(  8 5 )

43
( 100)

T P P I 310 310
(  58 . M O

217
( 100)

199 
(  8)

170 
(  8)

152 
(  22)

151 
(  14)

93 
(  8)

77 
(  50)

T P P A 326 326
(  18, M O

325 
(  13)

233 
(  19)

232 
(  9 )

170
(  7 )

94
( 100)

66 
(  36)

65 
(  28)

D B P 278 278
(  4 , M O

223
(  6)

205
(  4 )

149
( 100)

104 
(  5 )

76 
(  4 )

57 
(  6)

41
(  8)

B B P 312 312
(  15. M O

255 
(  10)

223 
(  13)

206 
(  28)

149
( 100)

91
(  32)

57 
(  10)

41
C 10)

D E H P 390 279 
(  5 )

167
(  30)

149
( 100)

71 
(  40)

70 
(  35)

57 
(  50)

55 
(  20)

43 
(  30)

41
(  25)

a) MS condition (d irect in let tech n iau e ): ionizatioa voltage 70 V, ionisation current 200 /<A, ioo acceleration voltage 
10 KV. GC'MS condition (fo r analysis of S P ) : GC condition is Bhown in Fig. 2. except th a t heltum  (30 m l/m in) 
w as used as ca rrie r gas. MS condition ; ionization voltage 70 V, ionization current 60 ^A, ion acceleration voltage 
3 KV, ion source temp. 330°C.



T a b l e  IV . R e c o v e rie s  o f  A n t io x id a n ts

A c e to n e  : C h lo ro fo rm  
( 1 : 1)

A c e to n e  : 
(1

R e c o v e ry  ( J )
: B e n zen e  A c e to n e  
: l )

M e th a n o l

S R S R S R S R

S ta n d a rd  solution*^
M B M B P 96 118 90 98 96 93 84 108
IB B D M P 94 102 91 110 90 103 77 110
S P 96 97 96 301 8 6 104 77 103
B H T 98 12 98 30 92 27 59 34
IP P D 92 97 99 97 97 103 85 92

C o m m e rc ia l gloves®^
M B M B P  (N o . l y ^ 100 93 98 100 97 98 43 93
IB B D M P  (N o . 5) 100 89 104 92 99 91 40 95
S P  (N o . 25) 100 102 95 109 85 110 21 85
B H T '> 100 61 102 60 87 45 30 102
IP P D  (N o . 25) 100 97 101 128 99 125 35 111

<z) S : shaking w ith 10 m l of solvent, for 30 min, four tim es, a t room temp.
R : reflux w ith 50 m i of solvent, for 2 h, a t 80°C.

&) Added amount is about 200 ftg. 
c) Sampling am ount is about i g.
</) The sample num bers in parentheses are  the same w ith those in Table I.
c) Isoprene rubber sheet containing BHT was used in place of commercial rubber gloves.

| ^ C <  h V  : P  (1  : 1) S

N o . 23 

-c. ^

h 1 1 -1 6 ) , b*“ =^2 
( 1 .2 5 ) ,  t r - ^ ' 3  ( 1 .3 5 )  <03-:?(D  

f c .  t * - ^ l ,  IB B D M P  * f i

!>' M B M B P  o - ^ h t - ^ L f z .  ^ : l x % -y'J

^  y /u ii M. ^ p-r }■ ^ b*-
^ l l t ^ ^ - i i c ,  D K ,  t* “ ^ 3 ^ ^ ^ @ B r ^ § t i 5 L f c .  4  

G C -M S

m /* 2 9 8  ( M * ) ’ 255 ( M + - 4 3 )  f -  3 } t  m /* 3 4 0  

(M -^), 283 ( M * - 5 7 ) ,  177, 164 K i . M t s : 7  ^  ^  y  V

IB B D M P . M B M B P O U P a O -r  

V h * - ^ 3 ©

G C -M S  Y A ''^  F ig . 4  f C ^ L f c .

N o . 23 i i  ^  Rf I t  t  U - r  

M B M B P , IB B D M P  i:*»45l)ofc. G C  K

CM

■ , . >,n., ]............................................................ ..,.1........................
50 100 150 200 250 300 350

F ig .  4 . M a ss S p e c tra  o f  ( a )  P e a k  C orrespon*  
d in g  to  M B M B P  in  F r .  B  a n d  (b )  
P e a k  C o rre sp o n d in g  to  IB B D M P  in  
F r .  C  o f th e  E x tr a c t  o f  D o m estic  
R u b b e r  G lo v e s  “T o k y o  T e b u k u ro ,” 
S e p a ra te d  by  S ilica  G el C o lu m n
C h ro m a to g ra p h y

Mass spectra were measured under GC-MS condition 
shown in Table III.

M B M B P  2 0 4 0 / ig /g ,  IB B D M P

2160 ^ ig /g  -C ifc-ofc.

/£to‘ , b * ~ ^  2  & 'O V '*C }t'> 'U  P T  h

G C -M S  K  i .  ^  

b u ty lb e n z y l p h th a la te  (E B P )



CH:
Me

'•HO Bu 

MBMBP

rMe

M eaCH-CH

'n..i
OH 

Bu' >

BBMBP

Me-̂

HO Me 

IBBDMP S P  « =  1 : SP -1
n = 2  : S P -2 , S P -3  
» .= -3 :S P  4

IPPD

CÔ Ri

COiRz
/D B F  : R i =  R2 =  - B u 

EB P  : Ri =  - B u , R2 =  -C H 2 
\D E H P  : Ri =  R 2*-C H 2C H (Et)SJT

C h a r t  1. T h e  S tru c tu r e s  o f  th e  A n tio x id a n ts  a n d  th e  P la s tic iz e rs  
F o u n d  in  C o m m e rc ia l R u b b e r  G lo v e s

No. 6 No. 12 No. 18 No. 23 No. 32

Ui

Lli! L x
14 15

23

I

18|
]6

.16

16

16

19
L '  

U

I -
F ig .  5. G a s  C h ro m a to g ra m s  of ( a )  E x tr a c t  o f 

C o m m e rc ia l R u b b e r  G lo v e s , a n d  ( b )  
F r .  A , ( c )  F r .  B , ( d )  F r .  C . ( e )  F r .  D , 
( f )  F r .  E , S e p a ra te d  b y  S ilic a  G el 
C o lu m n  C h ro m a to g ra p h y  

GC condition is shown in  Fis. 3.
The sample num bers (No. 6. 12, 18. 23, 32) are  the same 
w ithlthose listed in Table I.
Numbers in Fig. are  the same w ith those in Fig. 2 : 6 
SP-2. 7 SP-4, 8 MBMBP, 14 SP-1, 15 SP-3, 16 IBBDMP,
18 DBP. 19 BBP, 23 BBMBP.

f l i t i  19 0 0 0 / ig /g

F ig . 5

:9■®Ar^3:^:^^;^gmLtU4Vs
^ tifa  i  ^ hh-faa-^fz. 

fztzL, B H T  { i^ a -S A J J l^ f c t lL X  < B H T

Tis. p [>
y ^ - f s i k ' ,  h ^ 7  7 .f -  K
-C O  ^  u -  V  7  y  0  ̂  s .

37 m  h f z

T a b le  l a ,  Ib  37 ^ c o  5

N o . 23 (M B M B P  h. IB B D M P ), N o . 25 (S P

t  IP P D )  ( D z m z n x ^ & o f c .  z t f c .  n o .  19,

20 . 26 . 36 , 37;&-P>l± T a b le  II

t f z ,  N o . 26 . 36 , 37 K

$ t L t  i,' t z ^ i m i h n  t h x ^  -  A -  f p .

- f f l h - b ,  M B M B P

tc D A * 1 1 ^ 4 '9 - S  ( 2 4 4 - 6 8 1 0 ^ g / g )  

f c .  - n ,  IPPD Jill ^
(177  jiig /g)

M B M B P  A U O ^  ( 3 9 9 - 4 8 6 0 / i g / g ) ,  S P  ;5 * 8 ,^  (1600 

- e m f t g / g ) ,  IB B D M P  / } 1 6 ^  ( 1 5 9 0 -6 7 4 0 / ig /g ) ,

4 , 4 '-b u ty lid en e -b is  (3 -m e th y l-6 -fe r/-b u ty Ip h en o l)  

(B B M B P ) , ! ,1 1 ^  (3 4 8 0 /fg /g )  

t t z ,

- : * - p ° n ' e t i 4  >

K A » ^ , d ib u ty l p h th a la te  (D B P ) ; i » 3 ,^  (100



T a b l e  V a. In c id e n c e  o f  P o s it iv e  R e a c tio n s  to  A n t io x id a n ts  in  T h i r ty  
P a t ie n ts  w ith  C o n ta c t  D e rm a ti t is  f ro m  R u b b e r  M a te r ia ls

4 8 h
In c id e n c e  o f p o s it iv e  re a c tio n s  ( ^ )

72 h

10^  
-H- +

1%
-H- +

0. 1^
-H- +

10%
-H- +

1 %  
•H- +

0 . 1%
-H- +

IP P D 9  9 18 10 0 45 28 21 11 0
T M D Q 0 0 0 0 0 0
E T M D Q 0 0 0 0 0 0
P A N 0 0 0 0 0 0
D N P D 0 0 0 0 0 0
D P P D 0 9 0 0  9 0  9 0 0
T P P D 0 0 0 0  9 0  9 0 9
P P D 0 9  0 0  9 0 9  0 9 0
S P 0 0 0 0 0 0
b h p c 0 0 0 0 0 0
M B M B P 0 9 0 0 0 0 0
M B E B P 0 0 0 0 0 0
T B M B P 0 0 0 0 0 0

T a b l e  V b. In c id e n c e  o f P o s it iv e  R e a c tio n s  to  A n tio x id a n ts  in  F o u r te e n
P a t ie n ts  w ith  C o n ta c t  D e rm a ti t is  f ro m  P o ly  ( v in y l  c h lo r id e )
M a te ria ls

In c id e n c e  o f  p o s itiv e  re a c tio n s  ( t )
4 8 h 72 h

10% 1 % 0.1% 10% 1 % 0 . 1%
-H- + ■ff + -H- + 4f + 4f + -H- +

IP P D 0 10 20 0 25 50 40 30 0
T M D Q 0 0 0 0 0 0
E T M D Q 0 0 0 0 0 0
P A N 0 0 0 0 0 0
D N P D 0 0 0 0 0 0
D P P D 0 0 0 0 0 0
T P P D 0 0 0 0 0 0
P P D 0 0 0 0 0 0
S P 0 0 0 0 0 0
B H P C 0 0 0 0 0 0
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'-'•J

m k L X i i ,  C ro n in  ;5>JgfF{4i^KcD 1 O f C ^ t f X V '^ >

dioxydiphenyl»«> ô‘ J:J> '=f A
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Studies on Residual A ntibacterials in Foods (I)
Determ ination of Tetracyclines by High-Performance Liquid Chrom atography‘S

H i s a y a  T e r a d a »  M a s a h a r u  A s a n o m a  a n d  Y o s h io  S a k a b e  
N a g o y a  C ity  H e a lth  R esea rch  In s ti tu te , 1 - 1 1 ,  H agiya tna-cho ,

M izu h o -k u , N a g o y a  4 6 7 , J a p a n

(R e c e iv e d  D e c e m b e r  26, 1983)

A  s im p le  a n d  re p ro d u c ib le  m e th o d  fo r  th e  d e te rm in a t io n  o f re s id u a l te t r a c y c lin e s  ( T C s )  in 

l iv e s to c k  p ro d u c ts  b y  h ig h -p e rfo rm a n c e  l iq u id  c h ro m a to g ra p h y  w as e s ta b lish e d .

T e tra c y c lin e  ( T C ) ,  o x y te tra c y c lin e  ( O T C )  a n d  c h lo r te tra c y c lin e  ( C T C )  in  a  sa m p le  w ere  

e x tr a c te d  w ith  5 <  a q u o u s  p e rc h lo ric  ac id . T h e  e x t r a c t  w a s  passed  th ro u g h  S E P -P A K  Cjb c a r tr id g e . 

A f te r  w a s h in g  th e  c a r t r id g e  w ith  w a te r , T C s  w a s  e lu te d  w i th  a  m ix tu re  o f  N , iV *d im ethy lfo rm am ide 

(D M F ) -w a te r  (4  : 6)  c o n ta in in g  0 .0 2  m p h o sp h o ric  a c id . T h e  e lu a te  w a s  in je c te d  o n  a  L iC h ro s o rb  

R P -8 c o lu m n  b y  u s in g  a  m ix tu re  o f D M F -w a te r  (1  : 4 )  c o n ta in in g  0 .0 2  m p h o sp h o ric  a c id  a s  a 

m o b ile  p h ase . T h e  e f f lu e n t  w as m o n ito re d  w ith  a  U V  d e te c to r  a t  a  w a v e le n g th  o f  340 n m .

T h e  re c o v e r ie s  o f  T C s  f ro m  c a t t le  m u sc le , l iv e r ,  k id n e y  a n d  m ilk  fo r t i f ie d  w ith  1 ^ g /g  o f  T C  

a n d  O T C  a n d  2  jug /g  o f  C T C  w e re  3 4 .7 — 52.9{( fo r  m u sc le , 3 7 .7 — 51.6%  fo r  liv e r , 5 3 .1 —68.3jK fo r  

k id n e y  a n d  7 4 .8 — 8 8 .7 ^  fo r  m ilk , re sp e c tiv e ly .

T h e  q u a n t i ta t iv e  a n a ly s is  w as c a r r ie d  o u t  b y  th e  m e th o d  o f  s ta n d a rd  a d d i t io n  a n d  th e  m in im u m  

d e te c ta b le  a m o u n t o f  T C  a n d  O T C  w a s  0 . 1 p p m  a n d  C T C  w a s  0 .2  ppm .

Keywords------ liv e s to c k  p r o d u c t ; H P L C  ; te t r a c y c lin e  ; o x y te tra c y c lin e  ; c h lo r te tra c y c lin e  ; S E P -
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A SEARCH FOR CHEMICALS RESPONSIBLE FOR CONTACT DERMATITIS CAUSED BY 

HOUSEHOLD PRODUCTS I I

A n a l y s i s  o f  An’t i - o . x i d a n t s  i n  Cominercial R u b b er  G lo v es  and P o s i t i v e  R e a c t io n  

t o  A n t i - o x i d a n t s  i n  P a t c h  T e s t s

1 1  I  ftM asa-aic i KANIWA, S h igeo  KOJIMA, A k i ta d a  NAKAMURA, H iro m i KANTO, M a sa to e h i  I

and M aseru  ISHIHARA^

INTRODUCTION

. . . . * * * 7/ ^  h a s  b een  s u r f a c i n g  th r o u g h  t h e  “ H o s p i t a l  M o n i to r in g  

Scheme f o r  C o n ta c t  D e r m p t i t i s  Caused by H ousehold  P r o d u c t s " o r g a n i z e d  by 

t h e  H oueehold  P r o d u c t s  S a f e t y  U n i t  o f  t h e  M i n i s t r y  o f  H e a l th  and W e l fa re i^  

We liieete» ^ " # w  We lo o k e d  f o r  t h e  c a u s a t i v e  a g e n t s  o f  a l l e r g i c  

c o n t a c t  d e r m a t i t i s  from  h eav y  d u ty  r u b b e r  g lo v e s ,  t h e  in c id e n c e  o f  w hich 

hf»d b e e n  d e t e c t e d  by th e  above scheme and c o u ld  c o n c lu d e  t h a t

N - is o p ro p y l -N * -p h e n y l -p -p h e n y le n e d ia m in e . .{ IP P D ) ,  an  a n t i - o x i d a n t  w hich  i s  

fcnown t o  i s  m a in ly  r e s p o n s i b l e .

However, c a s e s  i n  w h ich  t h e  c h e m ic a l s  r e s p o n s i b l e  can  be i d e n t i f i e d  

a r e  v e ry  few . I n  many c a s e s ^ i t  i s  n o t  known a s  t o  what c h e m ic a l s  a r e  p re se  

i n  t h e  h o u s e h o ld  p r o d u c t .  So, s c i e n t i s t s  have  d i f f i c u l t y  i n  s i l e c t i n g  

c h e m ic a l s  f o r  p a t c h  t e s t i n g .  To im prove t h i s  s i t u a t i o n ,  f i r s t  o f  a l l  i t  

i s  im p o r ta n t  t p  u n d e r s t a n d  t h e  g e n e r a l  p a t t e r n  o f  t h e  u se  o f  c h e m ic a l s  i n  

c o m m e rc ia l ly  m a rk e t t e d  p r o d u c t s .

We, t h e r e f o r e ,  i n v e s t i g a t e d  t h e  t y p e s  and am oun ts  o f  a n t i - o x i d a n t s  

37 r u b b e r  g lo v e  s a m p le s  p u rc h a s e d  from  r e t a i l  sh o p s ,  o b ta in e d  from  m o n ito r :

1 - 2  l i n e s  o f  p r i n t  a r e  m iss in i?  from n e a r  t h e  bo tto m  o f  a lm o s t

e v e ry  page o f  th e  o r i g i n a l .  T hese  a r e  marked i n  t h e  t r a n s l a t e d  t e x t ,
(iitifil-.K KLSiS.AkCH INM 11 

Or i!\UiA

ftCt Nv

^ N a t io n a l  I n s t ,  o f  H ygiene S c ie n c e s ,  I - I 8- I  Kamiyoga, Se^ j^gayaku, Tokyo Tl 
S ch o o l o f  M e d ic in e ,  Toho U n i v e r i s t y ,  6 -1 1 -1  O m o r in i s h i ,  Oto i/u , Toteyo-i4'3



l i o s p i t a l s ,  e t c  t o  u n d e r s ta n d  t h e  p a t t e r n  o f  u sag e  o f  a n t i - o x i d a n t s  (w hich  

a r e  common a d d i t i v e s  i n  r u b b e r )  i n  oomineroial r u b b e r  g l o v e s .  Ae a r e s u l t ,  

we fo u n d  t h a t - i »  a lm o s t  e v e ry  make o f  r u b b e r  g lo v e  had p h e n o l i c  a n t i - o x i d a  

compounds* R e p o r t s  o f  th o r o u g h  i n v e s t i g a t i o n s  on t h e  s e n s i t i z i n g  p r o p e r t y  

o f  s u c h  p h e n o l i c  compounds a r e  n o t  a v a i l a b l e .  Even i n  t h e  books  by

1) 41C ro n in ,^ a n d  F i s c h e r , ^ w h i c h  g iv e  d e t a i l e d  i n f o r m a t io n  a b o u t  c a u s a t i v e  a g e n t  

o f  c o n t a c t  d e r m a t i t i s ,  t h e r e  i s  no d e t a i l e d  d i s c u s s i o n  a b o u t  t h i s  s u b j e c t .

We t h e n  c a r r i e d  o u t  p a t c h  t e s t s  u s i n g  13 d i f f e r e n t  a n t i - o x i d a n t  

i n c l u d i n g  two p h e n o l i c  a n t i - o x i d a n t s  fo u n d  commonly i n  r u b b e r  g l o v e s ,  on 

c o n t a c t  d e r m a t i t i s  p a t i e n t s  who h?»d come t o  ou r  d e rm a to lo g y  OPD. In  t h e  

p a t c h  t e s t ,  none o f  t h e  p h e n o l i c  a n t i - o x i d a n t s  showed a  p o s i t i v e . r e a c t i o n .  

Among t h e  n o n - p h e n o l i c  » n t i - o x i d a n t s ,  IPPD p ro d u ced  a  v e r y  h i g h ^  p o s i t i v e  

r e a c t i o n .

TEST METHODS

A« A n a ly s i s  o f  I n t i - O x i d a n t s  i n  Commercial R ubber G lo v es

1 .  Sam ples  u s e d .  The 37 g lo v e s  u sed  f o r  a n a l y s i s  a r e  d , a s s i f i e d  a c c o r d in g  

t o  I r a n d  n»me, m a n u f a c tu r e r ,  a p p l i c a t i o n ,  and s h a d e s  i n  T a b le s  l a  and l b .  

Out o f  t h e s e  37 sa m p le s ,  30 were p u rc h a s e d  from  r e t a i l  sh o p s  i n  Tokyo, 

C h ib a ,  O saka, and T akam atsu  c i t i e s  d u r i n g  F e b ru a ry  -  A p r i l  X982, 5^'^otf t h

sa m p le s  were g i f t s  s u p p l i e d  f o r  h o s p i t a l  u s e ,  and f i v e  were o b t a in e d  from

t h e  m o n i to r j^ in g  h o s p i t a l s .  When we c l a s s i f y  t h e  g lo v e s  a c c o r d in g  t o
v-x fi

a p p l i c a t i o n ,  30 were f o r  d o m e s t ic  u s e ,  2 f o r  h o s p i t a l  u s e ,  4 f o r  l i g h t  

work ( r e l a t i v e l y  t h i n  g l o v e s ) ,  and one was a  heavy  d u ty  r u b b e r  g lo v e  o f  t h
•Tt.

t y p e  a f e a ly s e d j in  o u r  p r e v i o u s  s t u d y .  26 o f  t h e  b r a n d s  were from  11 Ja p a n e  

co m p an ies ,^ 1 1  b r a n d s  were f rom  f o u r  f o r e i r i ^  m a n u f a c tu r e r s  and s e v e n  im port 

f i r m s .

In  a d d i t i o n  t o  t h e s e ,  we in c lu d e d  2 , 6 - d i - t e r t - b u t y l - 4 - m e t h y l p h e n o  

a w id e ly  u s e d  a d d i t i v e  i n  p l a s t i c s  w h ich  i s  o f t e n  u sed  i n  r u b b e r  a l s o .  . .S i :



we c o u ld  n o t  o b t a i n  r u b b e r  g lo v e s  c o n t a i n i n g  BHT| we u t i l i z e d  an i s o p r e n e  

r u b b e r  s h e e t  meant f o r  h ^ o s p i t a l  u s e ,  m a n u fa o tu te d  by Rubber*

w hich  was c o n f i rm e d  t o  c o n t a i n  BHT. We u s e d  t h i s  a s  a  sample f o r  s t u d y in g  

th e  method o f  e x t r a c t i o n .  I h  t h e  method o f  q u a n t i t a t i v e  a n a l y s i s  u se d  by 

u s ,  t h e  s h e e t  was d e te rm in e d  t o  have a  BHT c o n t ^ ^  o f  963 m ic ro  g / g .

2« R e a g e n t s   ̂ T a b le  I I  g i v e s  t h e  c h e m ic a l  names o f  t h e  a n t i - o x i d a n t s  and 

p l a s t i c i z e r s  t e s t e d ,  t h e i r  a b b r e v i a t i o n s  u se d  i n  t h i s  p a p e r ,  t h e i r  commerce 

npm es, and t h e  nam es o f  t h e i r  m a u n f a c t u r e r s .  T hese  c h e m ic a l s  w ere u sed  

w i th o u t  any p u r i f i c a t i o n *  F o r  o t h e r  r e a g e n t s  u s e d ,  i n  p r i n c i p l e  .the 

* g u a r e n te e d  r e a g e n t  grade* c h e m ic a l s  w ere used# 2, 2*- y ^ o b u t y l i d e n e - b i s ( 4 i   ̂

d im e th y lp h e n o l )  (IBBDMP) was s y n th e s i z e d  by t h e  method d e s c r ib e d  be low  

and u se d  a s  t h e  a u t h e n t i j i  s a m p le .

2 .4 4  g (2  d .0  ffiol) o f  2 ,4 - d im e th y lp h e n o l  was t a k e n  i n  a 50 *"1 

ro tm d  bo ttom ed  f l a s k  and d i s s o l v e d  by t h e  a d d i t i o n  o f  10 ml o f  ^ e t h a n o l .

1 ml o f  c o n c .  s u l p h u r i c  a o id  was t h e n  a d d ed ,  f o l lo w e d  b y  t h e  d rd p -w is e   ̂

a d d i t i o n  o f  a b o u t  1 ml o f  i s o b u ty r a ld e h y d e *  The m ix tu r e  was t h e n  r e f l u x e d  

f o r  10 h o v e r  an  bO°C w a te r  b a t h .  A f t e r  c o o l i n g ,  a b o u t  40 ml w a te r  

was added  t o  d i l u t e  t h e  p r o d u c t ,  i t  was t h e n  e x t r a c t e d  4 t i m e s  by s h a k in g  

u s i n g  50 ml o f  e t h e r .  Tne e x t r a c t s  were com bined , d r i e d  w i th  a n h y d ro u s  

sodium s u p l h a t e ,  t h e  —  e t h e r  e v a p o r a te d  o f f  o v e r  an  e v a p o r a t o r ,  and 

3*52 g o f  r e s i d u e  was o b t a i n e d .

The r e s i d u e  was t h e n  a l lo w e d  t o  be a d s o rb e d  on a 20 mm i n n e r  diama 

g l a s s  coltimii c o n t a i n i n g  30 g K i e ^ e e l g e l  60 (7 0 -2 3 0  m e sh ) ,  f o r  column 

ch ro m a to g ra p h y  and m a n u fa c tu re d  by  Merck L t d .  The column had b e e n  packed  

by  t h e  wet m e th o ^ .  The column was e l u t e d  w i th  lOOmi e a c h  o f  hexane  and 

e t h e r - h e x a n e  m i x t u r e s  c o n t a i n i n g  5f lO , o r  50^  e t h e r ,  a s  w e l l  a s  w i th  

lOdml o f  e t h e r .  Almost a l l  o f  t h e  main r e a c t i o n  p r o d u c t  was e l u t e d  o u t  in



t h e  10^  e t h e r - h e x a n e  f r a c t i o n .  By e v a p o r a t i n g  o f f  t h e  s o lv e n t  from  t h i s  

f r a c t i o n  and r e c r y s t a l l i z i n g  t h e  r e s i d u e  from  hexRne^2*01 g o f  c o l o u r l e s s  

n e e d l e  sh«ped c r y p t a l s  w i th  m .p . 155-156  C were o b t a i n e d .  The IR and NMR 

s p e c t r a  a r e  shown i n  F ig .  1 and i t s  MS d a t a  a r e  g iv e n  i n  T ab le  I I I *  These 

s p e c t r a l  d a t a  w e l l  i l l u s t r a t e  t h e  s t r u o t u r d l  c h a r a c t e r i s t i c s  o f  t h e  compoi

3 . Emxipmgnt u s e d . The f o l l o w i n g  e f ju ip m en ts  were u s e d .  Gas ch rom ptog rap )
I

Shim adzu GC-4CM ( w i th  a h y d ro g en  flpm e i o n i z a t i o n  d e t e c t o r ) ;  Gas ch ro m a to | 

-M ass  S e p e o t r o m e te r ; Shim adzu LKB-9000J Mass S p e c t r o m e te r :  N ihon D enshi 

JMS-OlSG-2; IR S p e c t ro p h o to m e te r :  Nihonbunfco JASCO A -102; and NMR S pec tron  

N ihon  D en sh i PX-200,

4 .  Method o f  a n a l y s i n g  a n t i ^ o x i d a n t s  .  The m e thods u se d  i n  o u r  p r e v io u s  

p a p e r  were u se d  h e re  a l s o .  However, t h e  amount o£ sam ple u se d  was 1 g anc

:1  a c e to n e - c h l o r o f o r m  m ix tu re  was u s e d .  Q u a l i t a t i v e  and q u a n t i t a t i v e  

a n a l y s e s  were c a r r i e d  ou t u n d e r  t h e  f o l l o w i n g  c o n d i t i o n s :

GO c o n d i t i o n s :  2% OV-1 on Gas Chrom q( 8 0 -1 0 0  m esh ) ,  1 . 5  m x  3 m ] 

g l a s s  colum n; T e m p e ra tu re :  Column 1 5 0 -275  °C ( 1 0 °C /m in ) ,  I n j e c t i o n  p o r t  

and d e t e c t o r  280^0 ; C a r r i e r  g a s :  N i to r g e n  60 m l/m in ;  D e t e c t o r ;  Hydrogen f l  

i o n i z a t i o n  d e t e c t o r  (F ID ) ,  hy d ro g en  0 . |^  kg /cm , a i r  0 . 5  kg /cm ,

GC-MS c o n d i t i o n s :  GO c o n d i t i o n s  were t h e  same a s  g iv e n  ab o v e ,  exc

t h a t  h e l i u m ______ * * / ^  was u s e d  a s  t h e  c a r r i e r  g a s .  MS c o n d i t i o n s  w ere ,

i o n i z a t i o n  v o l t a g e  70 V ............... i o n i z a t i o n  c u r r e n t  ^  KV,

io n  s o u rc e  t e m p e r a t u r e  330°C.

MS c o n d i t i o n s :  The sam ple was d i r e c t l y  i n t r o d u c e d ,  i o n i s a t i o n  vol

70 V, i o n i z a t i o n  c u r r e n t  200 m ic ro  At io n  a c c e l e r a t i o n  v o l t a g e  10

B* P a t c h  T e s t
/ •

P a tc h  t e s t  was co n d u c te d  w i th  13  a n t i - o x i d a n t s  s e l e c t e d  from  th o s e

shown i n  T a b le  I I ,  These were t h e  n i t r o g e n  c o n t a i n i n g  compounds 1 -  3, 6



11{ and t h e  p h e n o l i c  compounds 13» 13i and 2 0 .  These were mixed

w h i te  v a e e l i n e  t o  t h e  e x t e n t  o f  10^ , l%f  and 0 , 1 ^  and a p p l i e d  on t h e  t e s t  

s u b j e c t s  w i th  t h e  h e lp  o f  " M i n i p l a s t e r "  ( a d h e s iv e  p l a s t e r  meant f o r  p a t c h  

t e s t i n g ,  m a n u fa c tu re d  by  T o r i - i  Yakiihin ^o* ) •  The s ^ i n  r e a c t i o n  was 

o b s e rv e d  48 h ,  72 h  and one week.a f t e r  a p p l i c a t i o n .

The t e s t  s u b j e c t s  were p a t i e n t s  who v i s i t e d  t h e  D erm ato logy  OPB 

o f  t h e  Toho U n i v e r i e t y  H o s p i t a l  d u r in g  1 9 8 0 -8 2 .  30 o f  t h e  s u b j e c t s  hf<d

b een  d ia g n o se d  a s  h a v in g  c o n t a c t  d e rm f> t i t i s  caused  by r u b b e r  p r o d u c t s .
■v-Ovt

[we s h a l l  d e s i g n a t e  t h i s  g ro u p  a s  t h e  ’ r u b b e r  p r o d u c t s —s e n s i t i v e  g j^ « p ’ ,
and

T h i s  g roup  had 9 m a le s ,^21  f e m a le s  (ag e  1 5 -5 8 ^ .  14 o f  t h e  s u b j e c t s  had

b een  d ia g n o se d  t o  have c o n t a c t  d e r m a t i t i s  from  v i n y l  c h l o r i d e  p r o d u c t s  

(* v i n y l  c h l o r i d e  s e n s i t i v e  g ro u p * ,  1 m ale and 13 f e m a le s ,  age 18- 5 7 )*

F our  o f  t h e  s u b j e c t s  b e lo n g e d  t o  b o th  t h e  groups*

RESULTS

500 m ic ro  g o f  a u t h e n t i c  sam ple , when a d s o rb e d  i n  

a  colum n and s u b j e c t e d  t o  s i l i c a  g e l  column c h ro m a to g ra p h y  g o t  e l u t e d  

a s  i l l u s t r a t e d  i n  P i g ,  2. I n  t h e  c a se  o f  sam p les  t h a t  go t e l u t e d  i n  more 

t h a n  one f r a c t i o n ,  t h e  p e r c e n t a g e s  e l u t e d  i n  e a c h  f r a c t i o n  a r e  g iv e n  by t h e  

s i d e , i n  F ig .  2 .  The n u m e ra ls  g iv e n  en t h e  l e f t  p id e i n  p a r e n t h e s e s  r e p r e s e  

p e r  c e n t  r e c o v e r y  o f  e a c h  a u t h e n t i c  s u b s t a n c e .

2 .  Gas C hrom atography

A f t e r  o b t a i n i n g  f r a c t i o n s  A -  E o f  a u t h e n t i c  s a m p l e ^  t h r o u g h  s i l i c  

g e l  colum n c h ro m a to g ra p h y ,  e a c h  f r a c t i o n  was s u b j e c t e d  t o  GC u n d e r  t h e  

c o n d i t i o n s  s p e c i f i e d  i n  S e c t i o n  4 . o f  Metho<^s. The ch rom atogram s shown i n  

P ig .  3 were t h u s  o b t a i n e d .  The r e t e n t i o n  t i m e s  o f  t h e  compounds g iv e n  i n  t  

P i g .  a r e  r e l a t i v e  r e t e n t i o n  t i m e s  o b ta in e d  when t h e  r e t e n t i o n  t im e  o f  IPPD 

•i« ta lcen  a s  1 . 0 0 .



A ll  t h e  f r s o t i o n e  gave p e a k s  w i t h  good B^mmetxy. I n  P x a o t i o n  B, 

t h e  r e p a r a t i o n  o f  p e a k s  . . . n W * * * *  m e t h y l e n e - b i B ( 4 - m e t h y l - 6 - t e r t - ‘b u ty l  

p h e n o ^  (MBMBP) (1 .3 5 ) »  and i n  F r a c t i o n  C, t h e  p e a k s  o f  6 - e t h o x y - 2 , 2 , 4 - tr im e1  

- 1 , 2 - d i h y d r o q u i n o l i n e  (^?TMDQ) ( 0 .5 7 )  and SP-1 ( 0 , 58)1 a coniponent o f  SP, ha* 

o v e r l a p p e d .  However, s in c e  SP shows f o u r  p e a k s  c o r r e s p o n d in g  t o  i t s  f o u r  

com ponen ts ,  i t  c a n  be d i f f e r e n t i a t e d  from  MBMBP and BTMDQ w hich  show o n ly  

s i n g l e  p e a k s .

Q u a n t i t a t i v e  a n a l y s i s  was c a r r i e d  o u t  u s i n g  t h e  p eak  h e i g h t s  by

t h e  a b s o l u t e  c a l i b r a t i o n  m ethod . The sam ple  o b ta in e d  by t h e  p ro c e d u r e  o f

4* (M ethods)  was made up t o  O.5  n^l. 5 m i c r o l i t r e  o f  t h i s  was i n j e c t e d  i n t o

th e  GO colujrui and a n a l y s e d  u n d e r  FDfl! s e n s i t i v i t y  10^ M Ohms and r a n g e  O .l l

P e a k s  h i g h e r  t h a n  o r  e q u a l  t o  O.5  cm a lo n e  were c o n s id e re d *  The lo w e r  lim i"

o f  q u a n t i t a t i v e  a n a l y s i s  were a b o u t  10 m ic ro  g  / g  f o r  t r i p h e n y l  p h o s p h a te  ('

and N - ( 3 * - h y d r o x y b u t y l id e n e ) - a lp h a - n a p h th y la m in e  (HBAN); a b o u t  5 m ic ro  g /g

fo r SP, N-(metha(^ryloyloxy-hydroxypTopyl)-H*-phenyl-p-phenylenediamine (MPl
and

N_(p-.-t o lu e n e  s u lp h o n y l  ) -N * -p h e n y le n e d ia m in e  (TPPD) , / d i l a u r y l - 3 »  3* - t h i o d i p r o p  

(DLTDP); and a b o u t  1 m ic r o g /  g i n  t h e  c a se  o f  t h e  o t h e r s .

3 . Mass s p e c t r o m e t r y
were m easured

The mass s e c t r a  o f  a u t h e n t i c  sam ple so u n d er  t h e  c o n d i t i o n s  o f  s e c t i o  

4* (M ethods)  ( t h e  s a m p le s  w ere in t r o d u c e d  d i r e c t l y ) .  However, f o r  SP,

GC-MS • .  and t h e  mass s p e c t r a  o f  e a c h  o f  t h e  com ponents  (SP-1  t o  ■

were o b t a i n e d .  The r e s u l ' i s  a r e  g iv e n  i n  T ab le  I I I .

A l l  t h e  compounde, e x c e p t  f o r  TPPD and d i ( 2 - e t h y l h e x y l ) p h t h a l a t e  (d: 

showed m o le c u la r  i o n s .  TPPD ( m o le c u la r  w e ig h t  338) had io n  f ra g m e n t  w i th  

t h e  maximum mass a t  m/z I 8 4 , i . e .  t h e  io n  f rag m e n t  p ro d u c e d  by d i s s o c i a t i o n  

o f  t h e  t o s y l  g ro u p .  N -p h e n y l- a l p h a -n a p h th y la m in e  (PAN) and K -pheny1- b e t a - n  

th y la n t in e  (PBN) had a lm o s t  i d e n t i c a l  s p e c t r a .  However, s in c e  t h e y  h a i  d i f f



r e t e n t i o n  t i m e e  i n  OC, and e i n c e  GC~MS was u sed  f o r  t h e  a c t u a l  s a m p le s ,  

t h e s e  tw o c o u ld  be d i f f e r e n t i a t e d .

4« Method o f  B x t r a c t i o n

In  t h e  c a s e  o f  m a t e r i a l s  l i k e  r u b b e r  t h a t  u n d e rg o  h a r s h  t r e a t m e n t s

l i k e  h e a t i n g  d u r i n g  t h e i r  p r o c e s s i n g ^ i t  i s  im p o s s ib l e  t o  d e te rm in *  th e  t r u e

am ounts  o f  a d d i t i v e s  u s e d .  T hus , in  s e t t i n g  t h e  optimum e x t r a c t i o n  c o n d i t i o

one h a s  t o  f i r s t  c a r r y  ou t e x t r a c t i o n s  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  on

th e  p r o d u c t  w h ich  h a s  b een  co n f irm e d  t o  c o n t a i n  t h e  t a r g e t  c h e m ic a l ,  and th e

t a k e  t h e  c o n d i t i o n s  t h a t  gave maximum e x t r a c t i o n  a s  t h e  optimum c o n d i t i o n s .

We exam ined  t h e  c o n d i t i o n s  o f  e x t r a c t i o n  f o r  t h e  f i v e  a n t i - o x i d a n t s ,

MBMBP, SP, IBBDMP, IPPD, and BHT w hich hfid b een  d e t e c t e d  i n  com m ercia l  rubbe;

g l o v e s .  Pour t y p e s  o f  s o l v e n t s  were t r i e d .  T hese  a r e  a  1 : 1  m ix t \ i r e  o f  ace

c h lo ro f o r m ,  had b een  u s e d  in  t h e  e a r l i e r  s tu d y  a l s o ,  a 1 :1  m ix tu re  o f

a c e to n e - b e n z e n e ,  a c e t o n e ,  and m e th a n o l .  The r e s u l t s  a r e  sum m arised  i n  T ab le

F i r s t l y ,  200 m ic ro  g o f  a u t h e n t i c  sample was r e f l u x e d  f o r  2 h i n  50 i

o f  t h e  s o l v e n t  o v e r  an  80°C w a te r  b a t h .  The MBMBP, IBBDMP, SP, and IPPD

c o u ld  be  q u a n t i t a t i v e l y  r e c o v e r e d .  Onljr BlfT had a  p o o r  r e c o v e r y  w i th  a l l

t h e  s o l v e n t  s y s t e m s .  We t h e r e f o r e  gave a 2 h o u r  s h a k in g  e x t r a c t i o n  o f  200
sam ple

m icro  g a u t h e n t i c  i n  50 ml s o l v e n t .  Q nder t h e s e  c o n d i t i o n s
c h e m ic a l s

a lm o s t  q u a n t i t a t i v e  r e c o v e r y  c o u ld  be made o f  a l l  t h e  e x c e p t  when

m e th an o l  was u s e d  a s  th e  s o l v e n t .  T h i s  i n d i c a t e s  t h a t  BHT i s  d e s t r o y e d  by h< 

i f e i t ,  we a t t e m p te d  e x t r a c t i o n  o f  t h e s e  compounds from  r u b b e r  p ro d u c t

u s i n g  Sam ples No. 1 ( c o n t a i n i n g  MBMBP), No. 3 ( c o n t a i n i n g  SBBBMP), and No.
an

( c o n t a i n i n g  SP and IPPD) a l l  t a k e n ^ r u b b e r  g lo v e s ;  a n d ^ ie o p re n e  r u b b e r  sample 

( c o n t a i n i n g  BHT). The s a m p le s  w eighed a b o u t  1 g e a c h .  The amount o f  compou 

e x t r a c t e d  by s h a k in g  f o r  3O m i ^ i n  a 1 :1  m ix tu re  o f  a c e to n e  and c h lo ro fo rm  

was t a k e n  a s  100^  e x t r a c t i o n .  lilxcept i n  t h e  m e th an o l  s o l v e n t ^ e x t r a c t i o n



J r

o f  BHT ««  by v e f l u x i n ^ J v i a B  v e r y  low ( 60^  o r  l e e s ) .  E x t r a c t i o n  o f  a l l  th e  

8n t i - o x i d a n 1;0 was o n ly  a b o u t  ^0% i n  m e th a n o l  by s h a k in g  a t  room te m p e r a tu r e ,  

When a c e to n e  was u sed  a s  t h e  s o l v e n t ^ t h e  r e c o v e r i e s  o f  BHT and SP were ra th *  

low . The above e x p e r i m e n t s  r e v e a l e d  t h a t  s h a k in g  a t  room te m p e r a t u r e
•

Was b e t t e r  t h a n  r e f l u x i n g .  A ce tone ,  .............and 1 ; I m ix tu re

gave a lm o s t  t h e  same l e v e l  o f  e x t r a c t i o n  show ing t h a t  t h e y  a r e / b e s t  s u i t e d  

s o l v e n t  s y s te m s .  T h e r e f o r e ,  f o r  t h e  s u b s e q u e n t  e x p e r i m e n t s ,  a s  i n  our 

p r e v i o u s  work, we d e c id e d  t o  u se  a  1 :1  m ix.ture o f  a c e to n e  and c h lo ro fo rm  

and room te m p e r a t t i r e  s h a k in g  f o r  e x t r a c t i o n .

5 . Exam ples  o f  Q u a l i t a t i v e  and Q u a n t i t a t i v e  A n a ly s i s  a n < ^ A n t i -6 x i< ^ n ts  

i n  Commercial R ubber G loves

A f t e r  e s t a b l i s h i n g  t h e  m ethods o f  a n a l y s i n g  a n t i - o x i d a n t s  i n  r u b b e r  

g lo v e s  a s  d e s c r i b e d  above ,  we a n a ly s e d  com m ercia l p r o d u c t s .  We s h a l l  now 

e x p l a i n  t h e  p r o c e d u r e  o f  t h i s  a n a l y s i s  t a k i n g  sample No. 23 a s  an  exam ple .

aam ple No. 23 was a  r a t h e r  t h i c k  and lo n g  r u b b e r  g love  mean'^for 

d o m e s t ic  u s e .  i t s  com m ercia l  name was *Tokyo T e b u k u r o ' .  I t  c a r r i e d  a d isp ]  

"Tokyo L a te x  C o - o p e r a t i v e  s o c ie ty * ' ,  b u t  t h e  m a n u f a c t u r e r ' s  name was n o t  giv« 

The g a s  c ^ o m a to g ram . o f  t h e  e x t r a c t  |lrom t h i s  g lo v e  showed t h r e e  peaks^  i* e i  

P eak  1 R e t e n t i o n  t im e  1 . 1 6 ; ,  P eak  2 ( 1 . 2 5 ) ,  ? e a k  3 ( 1 . J 5 ) *  'i'he r e t e n t :  

t i m e s  o f  P e a k s  1 and 3 c o in c id e d  r e s p e c t i v e l y  w i th  t h o s e  o f  IBBDMP and 

KBMBP. We t h e n  s u b j e c t e d  t h e  e x t r a c t  t o  s i l i c a  g e l  column ch ro m a to g ra p h y .  

P eak  1 was e l u t e d  i n  F r a c t i o n s  C and D ,and Peak  3 i n  F r a c t i o n  B. When GC-Hf 

was oLone w i th  e a c h  f r a c t i o n ,  P eak  1 showed t h e  m a jo r  io n  f r a g m e n t / a t  m/z 29^ 

(W'*') and 255 ( w h i le  i n  Peak  3 t h e s e  were a t  m/z 34O (M'*'), 283

177» and 164* T hese  more o r  l e s s  c o in c id e d  w i th  t h e  mass s p e c t r a  o f  a u th e n i  

IBBDMP and MBMBP. P ig .  4 g i v e s  t h e  GC-MS mass s p e c t r a  o f  p e a k s  1 and 3*

• s.-^-mple No. 23 was found  t o  c o n t a i n  MBKBP and IBBDMP a s

a n t i - o x i d a n t s .  Q u a n t i t a t i v e  a n a l y s i s  by ^  GO r e v e a l e d  t h e  p r e s e n c e  o f



2040 m ic ro  g /  g o f  ICBKBP and 2160 m ic ro  g / g  o f  IBBDMP*

R e g a rd in g  Peak  2 ,  froin t h e  e l u t i o n  'behav io tir  i n  s i l i c a  g e l  

column c h ro m a to g ra p h y ,  r e t e n t i o n  t im e  i n  GC, and . . .  wae i d e n t i f i e d

t o  be b u t y l b e n z y ^ h t h f l l a t e  (BBP). I t s  c o n c e n t r a t i o n  was found  t o  be  a s  h i g t  

a s  IfOOO m ic ro  g / g .  T hus , we d i s c o v e r e d  t h a t  p h t h a l i c  a c id  e s t e r s  a re  

a l s o  u s e d  i n  r u b b e r  g lo v e s  f o r  some p u rp o p e .

F ig .  5 shows a t y p i c a l  c a se  where an  a n t i - o x i d a n t  i s  p r e s e n t  in

r u b b e r  g lo v e ,  f Rubber com ponent,!Low  mole c u l a r  w e igh tj  waxy s u b s t a n c e s ,  e t c  

g e t  a lm o s t  a l l  e l u t e d  i n  F r a c t i o n  A* T h e re  were a lm o s t  no p e a k s  i n  t h e  

o t h e r  f r a c t i o n s  t h a t  would i n t e r f e r e  w i th  t h e  a n a l y s i s .  However, . . .  

t h e  amount o f  . . .  e x t r a c t e d  sm f»ll^or when t h e  amount o f  m i s c e l l f

n eo u s  m a t e r i a l s  i s  l a r ^ ,  t h e  q u a n t i t a t i v e  a n a l j^ s i e  becom es d i f f i c u l t *

In  s u c h  c a s e s ,  c l e a n  up by a  p ro c e d u re  o t h e r  t h a n  a d s o r p t i o n  ch ro m a to g rap h y ,

i . e .  g e l  c h ro m a to g ra p h y ,  e t c ,  would be r e q u i r e d .  We have n o t  i n v e s t i g a t e d  

t h i s  a s p e c t .

The r e s u l t s  o f  a n a l y s i s  o f  37 r u b b e r  g lo v e  s a m p le s  u s i n g  o u r  method 

o f  a n a l y s i s  a r e  g iv e n  i n  T a b l e s  l a  and Ib# 32 o f  t h e  37 sam p le s  had a n t i ­

o x i d a n t s  i n  them* Only i n  two s a m p le s ,  were more t h a n  one a n t i - o x i d a n t  pre« 

MBMBP and IBBDMP were p re sw n t i n  sam ple No, 23^and SP and IPPD were p r e s e n t  

i n  sam ple  No. 25* Sample N os. 19i 20, 26, 36 , and 37 showed no t r a c e  o f  ani 

o f  t h e  a n t i - o x i d a n t s  l i s t e d  i n  T ab le  I I .  Sample N os. 26, 36, and 37 showed 

i n  t h e i r  mass s p e c t r a  th e  s u g g e s t i o n  o f  t h e  p r e s e n c e  o f  some p h e n o lo c  compoi 

We a r e  p r e s e n t l y  i n v e s t i g a t i n g  t h i s .  ,  y

B o th  i n  t h e  J a p a n e s e  and in  t h e  fo re ig n -m a d e  p r o d u c t s , ^ p h e n o l i c  

compounds have b e e n  u s e d  a s  a n t i —o x i d a n t s .  9 o f  11 fo re ig n -m a d e  sample: 

c o n t a in e d  MBMBP i n  t h e  r a n g e ,  244-6810  m icro  g / g .  Among t h e  J a p a n e s e

p r o d u c t s ,  one sam ple  c o n ta in e d  IPPD, a n i t r o g e n  c o n t a i n i n g  compound (177 

m ic ro  g / g ) .  The o t h e r s  c o n t a in e d  p h e n o l i c  a n t i - o x i d a n t s .  10 o f  them  had K1



( 3 9 9  -  4860 m i c r g  g / g ) f  8  s a m p l e s  h a d  SP ( I 6OO -  6080 m i c r o  g  /  - g ) ,  6 s» m p l 

h a d  IBBDMP ( 1 5 9 0  -  674O m i c r o  g  / g ) f  a n d  o n e  ©ample h a d  4 | 4 * - ' b ' a i ; y l i d e n e -  

b j g  ( 3 - m e t h y l - 6 - t e g t - b u t y l  p h e n o l )  (BBMBP) ( 3 4 8 0  m i c r o  g  / g ) .

P h t h a l i c  a o id  e s t e r e  ware n o t  found  i n  t h e  g o re ig n -m ad e  products?* 

But among t h e  J a p a n e e e  p r o d u c t e ,  . . .  ( 1 0 0 -  274 m ic ro  g /  g ) ,  BBP

( 89s  ( 8 4 5 t '  19000m icro  g /  g) was fo u n d  i n  two dam plee ; and lEHP (937 -

4220 m ic ro  g /  g) was found  i n  4 s a m p le s ,  i^he e l u t i o n  b e h a v io u r  i n  s i l i c a

g e l  column o h ro m a to g ra p h y ,  r e t e n t i o n  t i m e ^ i n  GO, and mass e p e c t r a  o f  DBP  ̂

BBPf and DBHP a r e  g iv e n  i n  P i g s .  2 and 3 and T ab le  I I ,  C h a r t  1

shows t h e  s t r u c t u r e s  o f  t h e  a n t i - o x i d a n t s  and p h t h a l i c  a c i d  e s t e r s  found 

i n  com m ercia l  r u b b e r  g lo v e s .

.........

R e s u l t s  o f  p a t c h  t e s t s  axe g iv e n  T a b l e s  Va aiiA V b*

The p r o p o r t i o n  o f  s u b j e c t s  show ing a r e a c t i o n  o f  ( + ) o r  h ig h e r  i s  g iv e n  

a s  p e r c e n t a g e s  i n  t h e  T a b l e s .

A f t e r  t h e  p a t c h  t e s t ,  t h e  compounds were compared f o r  t h e  p r o d u c t i c

o f  laymptoms a t  72 h a f t e r  a d m i n i s t e r i n g  t h e  t e s t .  C om parisons  w ere a l s o

made be tw een  th e  ' r u b b e r  p r o d u c t  s e n s i t i v e *  and th e  * v i n y l  c h l o r i d e  s e n s i t i

groups* . i>'ive p h e n o l i c  a n t i - o x i d a n t s  i n c l u d i n g  MBMBP and SP cau sed  a lm o s t
a

no p o s i t i v e  r e a c t i o n  a t ^ c o n c e n t r a t i o n  o f  10*  ̂ i n  b o th  t h e  g ro u p s .  On t h e

o t h e r  hand , t h e  n i t r o g e n  c o n t a i n i n g  a n t i - o x i d a n t s ,  IPPD a t

c o n c e n t r a t i o n y b o t h  i n  th e  ' r u b b e r  p r o d u c t s  s e n s i t i v e *  and t h e  * v in y l  c h l o r i  

s e n s i t i v e *  g ro u p s .

DISCUSSION

A n a ly s i s  o f  37 c o m m e rc ia l ly  o b t a in e d  ru b b e r  g lo v e s  f o r  d o m e s t ic  

u se  r e v e a l e d  t h a t  m a in ly  p h e n o l i c  compounds su ch  a s  MBMBP, SP, IBBDMP, e t c  

a r e  u sed  a s  a n t i - o x i d a n t s  in  t h e s e  p r o d u c t s .  In  f a c t ,  i n  19  o u t  o f  t h e s e  2



s a m p le s i  MBMBP was d e t e c t e d .  SP wap found  i n  b s a m p le s ,  IBBDMP i n  6 eample
t

and BBMBP i n  one eaippe. Among n i t r o g e n  c o n t a i n i n g  compounds, IPPD was fo m
A

i n  one sam p le (  Sample No, 2 5 )•  Sample No* 25 was a th i c lc  heavy  d u ty  rubbea

3 a)g lo v e  t h a t  i s  n o t  n o rm a l ly  u sed  i n  homes# C ro n in ’ s .‘book m e n t io n s  '  t h a t  

p -p h e n y le n e d ia m in e  ty p e  a n t i - o x i d a n t s  a r e  u sed  m a in ly  i n  i n d u s t r i a l  r u b b e r  

p r o d u c t s  and n o t  i n  h o u s e h o ld  r u b b e r  p r o d u c t s .  T h i s  a g r e e s  w i th  what we 

fo u n d •

In  p a t c h  t e s t s  on p a t i e n t s  w i th  a h i s t o r y  o f  c o n t a c t  d e r m a t i t i s  

c au sed  by r u b b e r  p r o d u c t s  and a» 4  s u b j e c t s  who had had c o n t a c t  d e r m a t i t i s  

from  v i n y l  c h l o r i d e  p r o d u c t s ,  p h e n o l i c  a:x;idants l i k e  SP  ̂ w h ich  a r e  ii

u se  p r e s e n t l y  i n  r u b b e r  g lo v e s ,  caused  a lm o s t  no p o s i t i v e  r e a c t i o n  i n  e i th «  

g ro u p  o f  s u b j e c t s .  They a r e ^ t h e r e f o r e ,  n o t  c o n d i id e r e d  t o  be s t r o n g  

s e n s i t i z e r s *

In  ou r  p r e v i o u s  r e p o r t ,  we had c o n d u c e d  t h a t  ” IPPD was one o f  

s u b s t a n c e s  r e s p o n s ib le !*  f o r  t h e  c o n t a c t  a l l e r g i c  d e r m a t i t i s  o b s e rv e d  

t o  be c a u s e ib y  t h e  heavy  d u ty  r u b b e r  g lo v e  (Sample No. 25 in  t h e  p r e s e n t  

s tu d y )*  But n o t h i n g  co u ld  be s a id  a b o u t  SP s in c e  no p a t c h  t e s t  was c a r r ie *  

o u t  w i th  i t *  ‘̂ ‘he r e s u l t s  o b ta in e d  i n  t h e  p r e s e n t  s tu d y  s u g g e s t  t h a t  SP 

i s  n o t  l i k e l y  t o  be a c a u s a t i v e  a g e n t .

In  ou r  s tu d y  o f  t h e  r e l a v a n t  l i t e r a t u r e ,  we foun<^few  c a s e s  o f  

c o n t a c t  d e r m a t i t i s  caused  by p h e n o l i c  a n t i - o x i d a n t s *  T here  were no c a s e s  

s u c h  d e r m a t i t i s  due t o  b i a - p h e n o l  ty p e  com pouni^such  a s  t h e  one d e t e c t e d  i: 

com m erc ia l  r u b b e r  g l o v e s .  As an  i n s t a n c e  o f  c o n t a c t  d e r m a t i t i s  b y  a pheno l 

a n t i - o x i d a n t ,  Cronin* s book^ c i t e s  a c a se  o f  d e r m a t i t i s  casued  by  a s u rg ic .  

r u b b e r  g lo v e ^  a n ^ r u b b e r  s h e e t ^  t h a t  c o n t a in e d  d io x y d ip h e n y l  ^ **

C ronin  i d e n t i f i e d  t h i s  compound to  be a s e n s i t i z e r *  He a l s o  c i t e s  th e  exa: 

o f  c a s e s  caused by a ru b b e r  g love^  c o n ta in in g  2 - p - m e th y lc y c lo h e x y l -4 ,6- 

t h y l  phenol and a l s o  by BHT and b u ty la te d  h y d ro x y a n iso l  (BHA)^ P is h



had p o i n t e d  o u t  t h a t  m o n o -h en z y lh y d ro q u in o n e  hp& a c o lo u r  rem o v in g

a c t i o n  a s  w e l l  a s  a B e n s i t i z i n g  a c t i o n ,

IPPD showed a v e ry  h ig h  i n c id e n c e  o f  p o s i t i v e  r e a p t i o n ,  among »11 t i

a n t i - o x i d a n t P  t r i e d ,  K-anto e t  s d ,  had o b se rv e d  t h e  s t r o n g  s e n s i t i z i n g
OL

a c t i o n  o f  IPPD when a p p l i e d  on H a r t l y  s t r a i n  o f  w h i te  ^ n e a  p i g s .  The

b o o k s  o f  C ro n in  and F i s h e r  m en tio n ^   ̂ ^ IPPD i s  a  s t r o n g  s e n s i -

9) Yt i z e r .  C ases  o f  c o n t a c t  d e r m a t i t i s  due t o  I P P D -c o n ta in in g  t y r e s ;  rubberftub« 

r u b b e r  d i v i n g  m a s k s ^ ^ \  e t c  have b een  r e p o r t e d .
A

While no p h t h a l i c  e s t e r f w e r e  found  in  th e  fo re ig n -m a d e  p r o d u c t s ,  

t h e  p r o d u c t s . o f  some J a p a n e s e  m a n u f a c tu r e r s  showed th e  p r e s e n c e  o f  DBP, BBP 

DEHP i n  r u b b e r  a r t i c l e s  meant f o r  u se  w i th  e a t a b l e s .  A c c o rd in g  t o

a c e r t a i n  s o u r c e ^ ^ \  DBP, DEHP, t r i c r e s y l  p h o s p h a te ,  e t c  a r e  u s e d  in  

r u b b e r  p r o d u c t s  t o  s o f t e n  t h e  r u b b e r ,  t o  d i s p e r s e  t h e  i n g r e d i e n t s  w e l l ,  

and t o  make t h e  e x t r u s i o n - f o r m i n g ,  r o l l i n g ,  e t c  e a s i e r *

To sum up t h e  above r e s u l t s ,  p h e n o l i c  compounds l i k e  MBMBP, SP, e t  

w i th  low s e n s i t i z i n g  a c t i o n  a r e  m a in ly  u sed  a s  a n t i - o x i d a n t s  i n  r u b b e r  g lo v  

b e i n g  m a rk e te d  a t  p r e s e n t#  T hus , a s  f a r  a s  th e  a n t i , - o x i d a n t s  a r e  co n ce rn ed

t h e  p r e s e n t  trend)^ i s  d e s i r a b l e  form th e  v iew po in t o f  c o n ta c t  d e r m a t i t i s
U

p a t i e n t s ,  IPPD ,w hich  showed a  f a r  h i g h e r  in c id e n c e  o f  p o s i t i v e  r e a c t i o n  

compared t o  o t h e r  a n t i - o x i d a n t s  t e s t e d ,  sh o u ld  n o t  i n  ou r  o p in io n  be used  

i n  r u b b e r  g lo v e s  f o r  d o m e s t ic  u se  o r  i n  any  r u b b e r  g lo v e s  i n c l u d i n g  th o s e  

meant f o r  i n d u s t r i a l  u s e .
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