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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 rat 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.
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Chemical Approach to Contact Dermatitis Caused by Household Products. II.
Analysis of Antioxidants in Commercial Rubber Gloves and Incidence
of Positive Reactions to Antioxidants in Patch Testing

Masa-aki Kaniwa,® Shigeo Kojima,” Akitada Nakamura®
Hiromi Kanto® Masatoshi Ito* and Masaru Ishihara*
National Institute of Hygienic Sciences,” 1-18-1, Kamiyoga, Setagaya-ku,
Tokyo 158, Japan and School of Medicine, Toho University,

Omoriniski, Ota-ku, Tokyo 143, Japan

(Received December 22, 1983)

Antioxidants in 37 different brands of commercially available rubber gloves mainly for domestic
use were analysed by the method previously reported (M. Kaniwa, S. Kojima, A, Nakamura,
M. Ishihara, Eisei Kagaku, 28, 137 (1982)).

It was clarified that almost every brand of the domestic gloves contained one or two of the
following phenolic antioxidants: 2,2'-methylene-bis (4-methyl-6-ter*-butylphenol) (MBMBP), styrena-
ted phenol (SP), 2,2'-isobutylidene-bis (4,6-dimethylphenol) (IBBDMP), 4,4'-butylidene-bis (3-methyl-
6-fer*butylphenol) (BBMBP). A nitrogen-containing antioxidant, A”-isopropyl-A~'-phenyl-/>*phenyJ*
enediamine (IPPD), known as a strong sensitizer, was detected in one brand of gloves for industrial
use. The frequencies of detection of the antioxidants were as follows: MBMBP, 19/37; SP, 8/37;
IBBDMP, 6/37; BBMBP, 1/37; IPPD, 1/37.

Patch testing to various antioxidants was also studied in 40 patients with allergic contact
dermatitis from rubber or poly (vinyl chloride) materials. No one reacted to the phenolic anti-
oxidants tested, including MBMBP and SP. On the other hand, about one third of the patients
reacted to IPPD.

From the results, it is preferred to use the phenolic antioxidants for not only domestic but

also industrial rubber gloves.

Keywords-—--antioxidant determination; commercial rubber gloves; 2,2'-methylene-bis (4-me-
thyl-6-/er/-butylphenol); styrenated phenol; 2,2'-isobutylidene-bis (4,6-dimethylphenol); 4,4'-butyl-
idene-bis (3-methyl-6-/e?7-butylphenol); JV-isopropyl-A”'-phenyl-/>-phenylenediamine; patch testing;

positive reaction incidence
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Table Ib. Analytical Data of Antioxidants and Plasticizers in Commercial
Rubber Gloves by Foreign Manufacturers

, Ces Content, /tg/
No. Brand M anufacturer/ Distributor Use Color MBMBPg'”g
27 Handy Ansell Dodwell & Co D Yellow 1820
28 Beauty Ansell Dodwell & Co D Orange 1940
29 New Austral Ansell Dodwell & Co D Blue 1490
30 Ansell Ansell Dodwell & Co D 'Red (outside) 1700

~Moss-green (inside)

31 Household Gloves Ansell Nippon N.R. Drug D Blue-green 6810
32 Marigold London Rubber Jardin Matheson & Co D Red 244
33 *** Hutchinson Mapa Showa Kako D Pink 645
34 Paris Gloves Hutchinson Mapa Showa Kako D Red 5170
35 France Baltex Hutchinson Mapa Miyai Sansho D Pale blue-green 1040
36 Kursaal Lux™ S, A. E. Kursaal Taki Gomu Kagaku D Pink -
37 Mercy Robe*’ S. A. E. Kursaal Fumakilla D Yellow -

a) eee:unknown brand-name.

b) Obtained as gloves caused contact dermatitts.

e) D, for domestic use i ND, for non-domestic use ; M, for medical use.

d) The full names are shown in Table Il. Other antioxidants and plasticizera shown in Table Il were not detected,
Phenolic antioxidants of unknown structures were detected.

f) Ansell, in Malaysia : London Rubber, in Malaysia >Hutchinson Mapa, in France, S.A.E. Kursaal, in Spain.

g) —enot detected.

Table Il. Antioxidants and Plasticizers Used in the Experiment
No. Compound Abbreviation Trade name*’
Antioxidant

1 6-Ethoxy-2,2,4-trimethyl-1, 2-dihydroquinoline ETMDQ Antigen AW
2 Poly(2,2,4-trimethyl-1, 2-dihydroquinoline) TMDQ Nocrac 224

3 Phenyl-ar-naphthylamine PAN Nocrac PA

4 iV-(3'-Hydroxybutylidene)-a:-naphthylamine HBNA Nocrac C

5 Phenyl-|3-naphthylamine PBN Nocrac D

6 />-Phenylenediamine*’ PPD

7 AMsopropyl-iV'-phenyl-~-phenylenediamine IPPD Nocrac 810-NA
8 N,JV'-Di-jS-naphthyl-*>-phenylenediamine DNPD Nocrac W hite
9 N,iV'-Diphenyl-/)-phenylenediamine DPPD Nocrac DP-1
10 A~-(3-Methacryloyloxy-hydroxypropyl)'A”'-phenyl-/"-phenylenediamine MPPD Nocrac G-1
11 A:(/>-Toluenesulfonyl)-Ar'-phenyl-~-phenylenediamine TPPD Nocrac TD
12 2,6-Di-ter/-butyl-4-methylphenol BHT Nocrac 220
13 Styrenated phenol SP Nocrac SP-N
14 2,5-Di-/er*-butyl-hydroquinone*” DBHQ

15 2,2'-Methylene-bis(4-methyl-6-ter/-butylphenol) MBMBP Nocrac NS-6
16 2,2'-Methylene-bis(4-ethyl-6-ter/-butylphenol) MBEBP Nocrac NS-5
17 2,2'-Isobutylidene-bis(4,6-dimethylphenol)*» IBBDMP

18 1,1I'-Bis(4-hydroxyphenyl)cyclohexane BHPC Antigen W
19 4,4'-Butylidene-bis(3-methyl'6-~er/-butylphenol) BBMBP Antigen BBMS
20 4,4'-Thio-bis(3-methyl-6-?«?‘-butylphenol) TBMBP Nocrac 300
21 Dilauryl 3,3'-thiodipropionate** DLTDP

22 Triphenyl phosphite*’ TPPI

23 Triphenyl phosphate*’ TPPA

Plasticizer

24 Dibutyl phthalate*’ DBP

25 Butylbenzyl phthalate*"” BBP

26 Di’'(2-ethylhexyl) phthalate*’ DEHP

a) "Nocrac,” by Ouchi Shinko Chemical Ind. Co.

"Antigen,” by Sumitomo Chemical Co., Ltd.
b) Purchased from Tokyo Kasei Kogyo Co., Ltd.
c) Synthetized in our laborator>-.
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Fig. 1. Infrared Spectrum (A) and Proton

Nuclear Magnetic Resonance Spectrum
(B), of Authentic IBBDMP
IBBDMP: Colorless needle (recrystallized from hexane),
mp 155—156°C.
(A) :Measured by KBr method.
(B): ppm, in CDCla :0.88, 0.91 (aliphatic methyl, 6H),
2.17, 2.22 (aromatic methyl, 12H), 256 (methine, IH),
3.95, 4.00 (doublet. /—10.5 Hz, benzylic H, iH), 5.87
(phenolic OH, 2H), 6.72, 6.95 (aromatic H. 4H).

3KV, i tfi. MS

fxk, f:AvIpsS«miOKV.

B. Table 11 LfcIRiPnO 5 ts,
No. 1-3, 6-9, 11 No. 13, 15, 16,
18, 20 tH3aorfb£E?xm 210
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liiPpSO vy b «&<yy
-J tfc. 487ra. 727
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N9 «, *-21«,

1 BUT 105) 1
2 DBIIQ 81) "'
3 I’AN 117"
4 11IiAN aio)
51'1IN 102
6 SI'- 103
7 SP-4 97
8 MUMDP 3i3
9 MHKBP (111
0TIPI ( 83
11 DKIIP 123
12 KTMDQ (109
13 DIM’D 109
14 .Sl*-1 98
IS SI> 3 103
16 IUMDMP ( 8

18 Din* 135
19 HBI* ni3
20 1i’I'D 110
21 111D 94

50 100 150 200 250 (ml)
B C D
Frftction

Fig. 2. Elution Behavior of Antioxidants and

Plasticizers on Silica Gel Column
Chromatography

: phenolic antioxidant,

I:nitrogen-containios antioxidant,

I:other type antioxidant.

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

?P2ANT T f
Fig. 2 K~Lfc.
b-e~L/c. tfz,
C%)
2. (‘"=7-74 -
7 p-7 h
GC 1= h Fig. 3
ffimga ippD
1.00"LtzJ:

NiSBf*#0V "C styrenated phenol (SP) O
SP-2 1.34) i 2.2'-
methylene-bis(4*methyl-6-ier/-butylphenol) (MBMBP)
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Fig. 3. Gas Chromatograms of Authentic Anti-
oxidants and Piasticizers

Condition: 2% OV-1 on Gas Chrom Q (80-100 mesh),
glass column 150cm x 3mm I.D. :temperature, column
Jso _ 275RC (IO”C/min), injection port and detector
2W’'C : carrier gas (nitrogen), 60 ml/min : detection
(flame ionization detector), hydrogen 0.4 kg/cm*, air
0.5 kg/cm* The retention time of IPPD was 8.05 min.
Numbers in Fig. are the same with those in Fig. 2:
1BHT. 2DBHQ. 3 PAN, 4 HBAN. 5PEN, 6 SP-2.
7 SP-4, 8 MBMBP, 9 MBEBP, 10 TPPI, 11 DEHP.
12 ETMDQ. 13 DPPD, 14 SP-1, 15SP-3, 16 IBBDMP,
17 DLTDP, 18DBP. 19BBP, 20IPPD, 21 TPPD.
22 BHPC, 23 BBMBP. 24 TBMBP, 25 TPPA, 26 MPPD.

(1.35),

dihydroquinoline (ETMDQ) (0.57) h SP
SP-1 (0.58)

6-ethoxy-2,2,4-trimethyl-1,2-

LA‘L,
SP li SP-1-4

o'C, © t** ~ MBMBP, ETMDQ
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0.16V tL . t r - 0.5cm W iiOli
triphenyl
phosphate (TPPA), /*-(3'-hydroxybutylidene)-a-
naphthylamine (HBAN) TI'tiltl 10/~g/g, SP, N-
(methacryloyloxy-hydroxypropyl)-A~'-phenyl-~-phe-
nylenediamine (MPPD), ~-(p-toluenesulfonyl)-/~'-
phenyienediamine (TPPD), dilauryl 3,3"-thiodipro*
pionate (DLTDP) 'OiiflfO 5 fig/g, 1pgl/g
3 7x7>neT hPy hU-
m YyrAm'ALtz. fztih, SPtiGC-
MS SP-1-4 b/u
Table IIl K~ Ltz.
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Table Ill. Mass Spectral Data of the Authentic Antioxidants and Plasticizers<>’

Molecular weight Fragment ion, m/i (relative intensity, jt)
ETMDQ 217 217 202 174 145
( 14. M*) Cloo) ( 42) ( 17)
PAN 219 220 218 217 216
( 20) (100, MO  ( 70) ( 55) ( 20)
HBAN 193 194 193 192 71 69 57 55 44
(12) (54 MO (18 ( 26) ( 18) ( 25) ( 25) (100
PBN 219 220 219 218 217
c21) (100. MO ( 38) ( 25)
IPPD 226 226 211 183 169 167 77
(74. M+) (100) ( 35) ( 13) ( 13) ( 13)
DPPD 260 260 183 169 168 167 130 77
(100. M") (15) (25) ( 13) (19) (100 ( 12
MPPD 326 327 326 197 184 167 92 69
( 28) (100. M7~y  (82) (100 C 12 ( 14) ( 10
TPPD 338 184 91 90 45 44 43 39
( 26) (62) (33 (67) (100) ( 52) ( 20)
BHT 220 220 205 177 145 57
(25, M+) (1000 (70 (120 ( 16)
SP-1 198 198 183 165
( 46. M-") (100) ( 25)
SP-2 302 302 287 210 198 105
sp ( 67. M+) (100) ( 46) (120 ( 17)
SP-3 302 302 287 210 198 105
( 50, M+) (100) ( 26) ( 19) ( 31)
SP-4 406 406 391 314 302 235 105
C47, MO (70) (200 (20) ( 15) (100)
DBHQ 222 222 220 207 205 57 44 43 41
(75, M+) (23) (100) (22 (75 (35 (37) (57)
MBMBP 340 340 283 177 164 155 149 127 121 57
( 80. MO (200 (100) ( 60) ( 18) ( 40) ( 20) ( 20) ( 20)
MBEBP 368 368 311 191 178 175 163 57
C 82. M") (24) (100) ( 70) ( 48) ( 35) ( 23)
IBBDMP 298 298 256 255 91 43
( 30. MO (200 (1000 ( 100 ( 8
BHPC 268 269 268 226 225 199 197 149 131 107
(30) (90, MO (22) (1000 (34) (15 (27) ( 33) ( 35
BBMBP 382 382 340 339 177 176 162 161 57
( 18. MO (30) (1000 (12 ( 9 (100 ( 8) ( 15)
TBMBP 358 358 343 196 181 164 149 121
(100, MO (200 (38 (72 (27) (73 (20
DLTDP 514 514 346 329 178 161 143 105 89 85
( 5. MO (10) ( 10) ( 40) (35 (60) ( 22) (36) ( 25
71 69 57 55 43
C 45) ( 45) ( 95) ( 85) (100)
TPPI 310 310 217 199 170 152 151 93 77
( 58. MO (1000 ( 8 ( 8 (22) (14 ( 8 ( 50
TPPA 326 326 325 233 232 170 94 66 65
(18, MO (13) (19 ( 9 ( 7) (100) ( 36) ( 28)
DBP 278 278 223 205 149 104 76 57 41
( 4 MO (6 ( 4 (1000 ( 5 ( 4 (6 (8
BBP 312 312 255 223 206 149 91 57 a1
( 15. MO (10) ( 13) ( 28) (100) ( 32) ( 100 cC 10
DEHP 390 279 167 149 71 70 57 55 43 41
( 5) (30) (100) ( 40) (35 (50) (20 (30) (25

a) MS condition (direct inlet techniaue): ionizatioa voltage 70 V, ionisation current 200 /<A, ioo acceleration voltage
10 KV. GC'MS condition (for analysis of SP): GC condition is Bhown in Fig. 2. except that heltum (30 ml/min)
was used as carrier gas. MS condition ;ionization voltage 70 V, ionization current 60*A, ion acceleration voltage

3 KV, ion source temp. 330°C.



Table IV.

Recoveries of Antioxidants

Recovery (J)

Acetone : Chloroform Acetone :Benzene Acetone Methanol
(1:1 @:n
S R S R S R S R
Standard solution*»
MBMBP 96 118 90 98 96 93 84 108
IBBDMP 94 102 91 110 90 103 77 110
SP 96 97 96 301 86 104 77 103
BHT 98 12 98 30 92 27 59 34
IPPD 92 97 99 97 97 103 85 92
Commercial gloves®”"
MBMBP (No. Iy~ 100 93 98 100 97 98 43 93
IBBDMP (No.5) 100 89 104 92 99 91 40 95
SP (No. 25) 100 102 95 109 85 110 21 85
BHT"™> 100 61 102 60 87 45 30 102
IPPD (No. 25) 100 97 101 128 99 125 35 111
<2 S :shaking with 10 ml of solvent, for 30 min, four times, at room temp.
R :reflux with 50 mi of solvent, for 2 h, at 80°C.
& Added amount is about 200 ftg.
c¢) Sampling amount is about i g.
</) The sample numbers in parentheses are the same with those in Table I.
c) Isoprene rubber sheet containing BHT was used in place of commercial rubber gloves.
[~C < hv P 1:1) S
v
No. 23 ., _>’n_,] —
c. N 50 100 150 200 250 300 350
h 1 1-16), b* ="2 Fig. 4. Mass Spectra of (a) Peak Correspon*
N i’ ding to MBMBP in Fr. B and (b)
(1.25), tr-7'3 (1.35) <03-2(D Peak Corresponding to IBBDMP in
fc. t* -~ IBBDMP *fi Fr. C of the Extract of Domestic
> MBMBP o -"ht-~Lfz. ":1x% -y'J Rubber Gloves “Tokyo Tebukuro,”
A y/uii M~ p-r P A b*- Separated by Silica Gel Column
. . Chromatography
AlltA~-iic, DK, t** ~A3~7""@ Br~§tis5Lfc. 4 .
Mass spectra were measured under GC-MS condition
GC-Ms shown in Table III.
m/*298 (M *)’ 255 (M +-43) f- 33}tm/*340
(M-"), 283 (M *-57), 177, 164 Ki.Mts:7 "~ "y V MBMBP 2040/ig/g, IBBDMP
IBBDMP. MBMBP OUPaO-r 2160 ~ig/g -Cifc-ofc.
\% h*-7230 /Eto*, b*~~ 2 &'OV™*C}t'>'U PT h
GC-MS YA" Fig. 4 fC~Lfc.
No. 23 i Rf It t U-r GC-MS K i. 7
MBMBP, IBBDMP i:*»45l)ofc. GC K butylbenzyl phthalate (EBP)
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Chart 1. The Structures of the Antioxidants and the Plasticizers
Found in Commercial Rubber Gloves

No. 6 No. 12 No. 18 No. 23 No. 32
Ui
LIt Lx L
1 g’ 6% U
23 .16 16
I I-
Fig. 5. Gas Chromatograms of (a) Extract of
Commercial Rubber Gloves, and (b)

Fr. A, (c) Fr. B, (d) Fr.C. (e) Fr.D,
(f) Fr. E, Separated by Silica Gel
Column Chromatography
GC condition is shown in Fis. 3.
The sample numbers (No.6. 12, 18. 23, 32) are the same
withlthose listed in Table I.
Numbers in Fig. are the same with those in Fig.2:6
SP-2. 7 SP-4, 8 MBMBP, 14SP-1, 15SP-3, 16 IBBDMP,
18 DBP. 19 BBP, 23 BBMBP.

fliti 19000/ig/g

Fig. 5
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37 m hfz
Table la, Ib 37 ~co 5
No. 23 (MBMBP h. IBBDMP), No. 25 (SP
t IPPD) (Dzmznx"& ofc. ztfc. no. 19,

20. 26. 36, 37;&-P>Ix Table II

tfz, No. 26. 36, 37 K

$tLti,)tz*im ihnt h X N A- fp.
-fflh-b, MBMBP
tcDA*1174'9-S (244-68107g/g)
fc. -n, IPPD Jill
(177 jiig/g)

MBMBP AUO” (399-4860/ig/g), SP ;5*8,~ (1600
IBBDMP /}16~ (1590-6740/ig/g),
4 ,4'-butylidene-bis (3-methyl-6-fer/-butylphenol)
(BBMBP) ,1,11~ (3480/fg/g)

-em ftg/g),

ttz,
-:*-p°n'etid >

KA»”~, dibutyl phthalate (DBP) ;i»3,~ (100



Table Va. Incidence of Positive Reactions to Antioxidants in Thirty
Patients with Contact Dermatitis from Rubber Materials

Incidence of positive reactions (")

48h 72h
10 1% 0.17 10% 1% 0.1%
H o+ H o+ + + H o+ H o+
IPPD 9 9 18 10 0 45 28 21 11 0
TMDQ 0 0 0 0 0 0
ETMDQ 0 0 0 0 0 0
PAN 0 0 0 0 0 0
DNPD 0 0 0 0 0 0
DPPD 0 9 0 0 9 0 9 0 0
TPPD 0 0 0 0 9 0 9 0 9
PPD 0 9 0 0 9 0 9 9
SP 0 0 0 0 0 0
bhpc 0 0 0 0 0 0
MBMBP 0 9 0 0 0 0 0
MBEBP 0 0 0 0 0 0
TBMBP 0 0 0 0 0 0
Table Vb. Incidence of Positive Reactions to Antioxidants in Fourteen
Patients with Contact Dermatitis from Poly (vinyl chloride)
M aterials
Incidence of positive reactions (t)
48h 72h
10% 1% 0.1% 10% 1% 0.1%
H o+ of + H + f + 4+ H o+
IPPD 0 10 20 0 25 50 40 30 0
TMDQ 0 0 0 0 0 0
ETMDQ 0 0 0 0 0 0
PAN 0 0 0 0 0 0
DNPD 0 0 0 0 0 0
DPPD 0 0 0 0 0 0
TPPD 0 0 0 0 0 0
PPD 0 0 0 0 0 0
SP 0 0 0 0 0 0
BHPC 0 0 0 0 0 0
MBMBP 0 0 0 0 0 0
MBEBP 0 0 0 0 0 0
TBMBP 0 0 0 0 0 0
-274;/g/g), BBP ;i6'»2"(845, 19000/ig/g), DEHP
(937-4220j«glg) DBP, BBP, h-C' L fc.
DEHP -y\)
«C'Ojgfctitfea. GC mbmbp, sp "
Fig. 2, 3, Table Il Ni*fe b 7 X/ - t'“fHimm

Chart 1 K~ L fz-

Table Va, Vb C/pLfc.

n
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Studies on Residual Antibacterials in Foods (I)
Determination of Tetracyclines by High-Performance Liquid Chromatography‘S

Hisaya Terada» M asaharu Asanoma and Yoshio Sakabe
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Mizuho-ku, Nagoya 467, Japan

(Received December 26, 1983)

A simple and reproducible method for the determination of residual tetracyclines (TCs) in

livestock products by high-performance liquid chromatography was established.

Tetracycline (TC), oxytetracycline (OTC) and chlortetracycline (CTC) in a sample were

extracted with 5< aquous perchloric acid. The extract was passed through SEP-PAK Cjb cartridge.

A fter washing the cartridge with water, TCs was eluted with a mixture of N, iV*dimethylformamide

(DM F)-water (4 : 6) containing 0.02 m phosphoric acid.
RP-8 column

mobile phase.

The eluate was injected on a LiChrosorb
by using a mixture of DMF-water (1 :4) containing 0.02 m phosphoric acid as a

The effluent was monitored with a UV detector at a wavelength of 340 nm.

The recoveries of TCs from cattle muscle, liver, kidney and milk fortified with 1 ~g/g of TC

and OTC and 2 jug/g of CTC were 34.7—52.9{( for muscle, 37.7—51.6% for liver, 53.1—68.3jK for

kidney and 74.8—88.7" for milk, respectively.

The quantitative analysis was carried out by the method of standard addition and the minimum

detectable amount of TC and OTC was 0.1 ppm and CTC was 0.2 ppm.

Keywords--—-—livestock product;

PAK CiB cartridge ;

¥ i ApTh 577~- (HPLC) &»
XV Ny (TCs) tt,
Lfi- h.
TCs HPLC ffitt.

TCsOj;5ft:"?c

Xt, LA>L,

iJ-f A yV (TC), ~yy (OTC),

TCs L-C(z. y-f B/PX h Vy (CTC) <n4

B-v h liI"PTh

UV detector

HPLC ; tetracycline ; oxytetracycline ; chlortetracycline ; SEP-
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A SEARCH FOR CHEMICALS RESPONSIBLE FOR CONTACT DERMATITIS CAUSED BY

HOUSEHOLD PRODUCTS 11

Analysis of Anti-o.xidants in Cominercial Rubber Gloves and Positive Reaction

to Anti-oxidants in Patch Tests

Masa-aici KANIWA,1 ShigeolKOJIMA, Akitada NAKAMURA!, Hiromi KANTO]:t Masatoehi |
and Maseru ISHIHARA”

INTRODUCTION

L **F A has been surfacing through the “Hospital Monitoring
Scheme for Contact Dermptitis Caused by Household Products"organized by
the Houeehold Products Safety Unit of the Ministry of Health and Welfarei®

V¢ liieete» " #w  We looked for the causative agents of allergic
contact dermatitis from heavy duty rubber gloves, the incidence of which
hf»d been detected by the above scheme and could conclude that
N-isopropyl-N*-phenyl-p-phenylenediamine..{IPPD), an anti-oxidant which is
fcnown to is mainly responsible.

However, cases in which the chemicals responsible can be identified
are very few. In many cases”it is not known as to what chemicals are prese
in the household product. So, scientists have difficulty in silecting
chemicals for patch testing. To improve this situation, first of all it
is important tp understand the general pattern of the use of chemicals in
commercially marketted products.

We, therefore, investigated the types and amounts of anti-oxidants
37 rubber glove samples purchased from retail shops, obtained from monitor:

1-2 lines of print are missini? from near the bottom of almost

every page of the original. These are marked in the translated text,
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ANational Inst, of Hygiene Sciences, 1-18-1 Kamiyoga, Se”j*gayaku, Tokyo TI

School of Medicine, Toho Univeristy, 6-11-1 Omorinishi, Oto i/u, Toteyo-i4'3



liospitals, etc to understand the pattern of usage of anti-oxidants (which
are common additives in rubber) in oomineroial rubber gloves. Ae a result,
we found that-i» almost every make of rubber glove had phenolic anti-oxida
compounds* Reports of thorough investigations on the sensitizing property
of such phenolic compounds are not available. Even in the books by
Cronin,l’)and Fischer,%which give detailed information about causative agent
of contact dermatitis, there is no detailed discussion about this subject.
We then carried out patch tests using 13 different anti-oxidant
including two phenolic anti-oxidants found commonly in rubber gloves, on
contact dermatitis patients who h?»d come to our dermatology OPD. In the
patch test, none of the phenolic anti-oxidants showed a positive.reaction.
Among the non-phenolic »nti-oxidants, IPPD produced a very high” positive

reaction.

TEST METHODS
A« Analysis of Inti-Oxidants in Commercial Rubber Gloves
1. Samples used. The 37 gloves used for analysis are d,assified according
to Irand n»me, manufacturer, application, and shades in Tables la and Ib.
Out of these 37 samples, 30 were purchased from retail shops in Tokyo,
Chiba, Osaka, and Takamatsu cities during February - April X982, 5"7otf th
samples were gifts supplied for hospital use, and five were obtained from
the monitor{'/i‘xing hospitals. When we classif%i/ the gloves according to
application, 30 were for domestic use, 2 for hospital use, 4 for light
work (relatively thin gloves), and one was a heavy duty rubber glove of th
type a;l}aalysedjin our previous study. 26 of the brands were from 11 Japane
companies,”11 brands were from four foreiri® manufacturers and seven import
firms.

In addition to these, we included 2,6-di-tert-butyl-4-methylpheno

a widely used additive in plastics which is often used in rubber also. ..Si:



we could not obtain rubber gloves containing BHT| we utilized an isoprene
rubber sheet meant for h”ospital use, manufaotuted by Rubber*
which was confirmed to contain BHT. We used this as a sample for studying
the method of extraction. Ih the method of quantitative analysis used by

us, the sheet was determined to have a BHT cont”” of 963 micro g/g.

2« Reagents ~ Table Il gives the chemical names of the anti-oxidants and
plasticizers tested, their abbreviations used in this paper, their commerce
npmes, and the names of their maunfacturers. These chemicals were used
without any purification* For other reagents used, in principle .the
*guarenteed reagent grade* chemicals were used# 2,2*-y”obutylidene-bis(4i”*
dimethylphenol) (IBBDMP) was synthesized by the method described below
and used as the authentiji sample.

2.44 g (2 d.0 ffiol) of 2,4-dimethylphenol was taken in a 50 *1
rotmd bottomed flask and dissolved by the addition of 10 ml of ~“ethanol.
1 ml of conc. sulphuric aoid was then added, followed by the drdp-wise A
addition of about 1 ml of isobutyraldehyde* The mixture was then refluxed
for 10 h over an bO°C water bath. After cooling, about 40 ml water
was added to dilute the product, it was then extracted 4 times by shaking
using 50 ml of ether. Tne extracts were combined, dried with anhydrous
sodium suplhate, the — ether evaporated off over an evaporator, and
3*52 g of residue was obtained.

The residue was then allowed to be adsorbed on a 20 mm inner diama
glass coltimii containing 30 g Kie”eelgel 60 (70-230 mesh), for column
chromatography and manufactured by Merck Ltd. The column had been packed
by the wet metho”. The column was eluted with IOOmi each of hexane and

ether-hexane mixtures containing 5f 10, or 50" ether, as well as with

I0dml of ether. Almost all of the main reaction product was eluted out in



the 10~ ether-hexane fraction. By evaporating off the solvent from this

fraction and recrystallizing the residue from hexRne”2*01 g of colourless
needle sh«ped cryptals with m.p. 155-156 C were obtained. The IR and NWR
spectra are shown in Fig. 1 and its MS data are given in Table Ill* These

spectral data well illustrate the struoturdl characteristics of the compoi

3. Emxipmgnt used. The following efjuipments were used. Gas chromptograp)
|

Shimadzu GC-4CM (with a hydrogen flpme ionization detector); Gas chromato|

-Mass Sepeotrometer; Shimadzu LKB-9000J Mass Spectrometer: Nihon Denshi

JMS-0ISG-2; IR Spectrophotometer: Nihonbunfco JASCO A-102; and NVR Spectron

Nihon Denshi PX-200,

4. Method of analysing anti“oxidants . The methods used in our previous
paper were used here also. However, the amount of sample used was 1 g anc

:1 acetone-chloroform mixture was used. Qualitative and quantitative
analyses were carried out under the following conditions:

GO conditions: 2% OV-1 on Gas Chrom g(80-100 mesh), 1.5 mx 3 m]
glass column; Temperature: Column 150-275 °C ( 10°C/min), Injection port
and detector 28070; Carrier gas: Nitorgen 60 ml/min; Detector; Hydrogen fl
ionization detector (FID), hydrogen 0. kg/cm, air 0.5 kg/cm,

GC-MS conditions: GO conditions were the sameas given above, exc
thathelium __ **/~ was used as the carrier gas. MSconditions were,
ionization voltage 70 V ... ionization current N RV,
ion source temperature 330°C.

MS conditions: The sample was directly introduced, ionisation vol

70 V, ionization current 200 micro At ion acceleration voltage 10

B* Patch Test
| o
Patchtest was conducted with 13 anti-oxidants selected from those

shown in Table Il, These were the nitrogen containing compounds 1 - 3, 6



11{ and the phenolic compounds 13» 13i and 20. These were mixed
white vaeeline to the extent of 107, 1%f and 0,1~ and applied on the test
subjects with the help of "Miniplaster” (adhesive plaster meant for patch
testing, manufactured by Tori-i Yakiihin ~0o* )e The s”™in reaction was
observed 48 h, 72 h and one week.after application.

The test subjects were patients who visited the Dermatology OPB
of the Toho Univeriety Hospital during 1980-82. 30 of the subjects hf«d
been diagnosed as having contact dermf>titis caused by rubber products.
[we shall designate this group as the ’rubber products—sensitive gj.’yfytr,
This group had 9 males,";?dfemales (age 15-58~7. 14 of the subjects had
been diagnosed to have contact dermatitis from vinyl chloride products

(*vinyl chloride sensitive group*, 1 male and 13 females, age 18-57)*

Four of the subjects belonged to both the groups*

RESULTS
500 micro g of authentic sample , when adsorbed in
a column and subjected to silica gel column chromatography got eluted
as illustrated in Pig, 2. In the case of samples that got eluted in more
than one fraction, the percentages eluted in each fraction are given by the
side,in Fig. 2. The numerals given en the left pide in parentheses represe

per cent recovery of each authentic substance.

2. Gas Chromatography

After obtaining fractions A- E of authentic sample” through silic
gel column chromatography, each fraction was subjected to GC under the
conditions specified in Section 4. of Metho<*s. The chromatograms shown in
Pig. 3 were thus obtained. The retention times of the compounds given in t
Pig. are relative retention times obtained when the retention time of IPPD

ej« talcen as 1.00.



All the frsotione gave peaks with good B“mmetxy. In Pxaotion B,
the reparation of peaks ...nW>**** methylene-biB(4-methyl-6-tert-butyl
pheno” (MBMBP) (1.35)» and in Fraction C, the peaks of 6-ethoxy-2,2,4-trimel
-1,2-dihydroquinoline ("?TMDQ) (0.57) and SP-1 (0,58)1 a coniponent of SP, ha*
overlapped. However, since SP shows four peaks corresponding to its four
components, it can be differentiated from MBVBP and BTMDQ which show only
single peaks.

Quantitative analysis was carried out using the peak heights by
the absolute calibration method. The sample obtained by the procedure of
4* (Methods) was made up to O.5 n?. 5 microlitre of this was injected into
the GO colujrui and analysed under FDA'! sensitivity 10 M Ohms and range O.ll
Peaks higher than or equal to O.5 cm alone were considered* The lower limi"
of quantitative analysis were about 10 micro g /g for triphenyl phosphate ('
and N-(3*-hydroxybutylidene)-alpha-naphthylamine (HBAN); about 5 micro g/g
for SP, N-(metha(”ryloyloxy-hydroxypTopyl)-H*-phenyl-p-phenylenediamine (VP
N_(p-.-toluenesulphonyl)-N*-phenylenediamine (TPPD),/dainIiuryl-S» 3*-thiodiprop
(DLTDP); and about 1 microg/ g in the case of the others.

3. Mass spectrometry

were measured
The mass sectra of authentic samplesounder the conditions of sectio

4* (Methods) (the samples were introduced directly). However, for SP,
GC-MS . and the mass spectra of each of the components (SP-1 to =
were obtained. The resul'is are given in Table 111.

All the compounde, except for TPPD and di(2-ethylhexyl)phthalate (d:
showed molecular ions. TPPD (molecular weight 338) had ion fragment with
the maximum mass at m/z 184, i.e. the ion fragment produced by dissociation
of the tosyl group. N-phenyl-alpha-naphthylamine (PAN) and K-phenyl-beta-n

thylantine (PBN) had almost identical spectra. However, since they hai diff



retention timee in OC, and eince GC~MS was used for the actual samples,

these two could be differentiated.

4« Method of Bxtraction

In the case of materials like rubber that undergo harsh treatments
like heating during their processing”it is impossible to determin* the true
amounts of additives used. Thus, in setting the optimum extraction conditio
one has to first carry out extractions under a variety of conditions on
the product which has been confirmed to contain the target chemical, and the
take the conditions that gave maximum extraction as the optimum conditions.

We examined the conditions of extraction for the five anti-oxidants,
MBMBP, SP, IBBDMP, IPPD, and BHT which hfid been detected in commercial rubbe;
gloves. Pour types of solvents were tried. These are a 1:1 mixt\ire of ace
chloroform, had been used in the earlier study also, a 1:1 mixture of
acetone-benzene, acetone, and methanol. The results are summarised in Table

Firstly, 200 micro g of authentic sample was refluxed for 2 h in 50 i
of the solvent over an 80°C water bath. The MBMBP, IBBDMP, SP, and IPPD
could be quantitatively recovered. Onljr BIfT had a poor recovery with all

the solvent systems. We therefore gave a 2 hour shaking extraction of 200

sample
micro g authentic in 50 ml solvent. Qnder these conditions
chemicals
almost quantitative recovery could be made of all the except when

methanol was used as the solvent. This indicates that BHT is destroyed by Kk

ifeit, we attempted extraction of these compounds from rubber product
using Samples No. 1 (containing MBMBP), No. 3 (containing SBBBMP), and No.
(containing SP and IPPD) all taken”~rubber gloves; and"?goprene rubber sample
(containing BHT). The samples weighed about 1 g each. The amount of compou

extracted by shaking for 30 mi~in a 1:1 mixture of acetone and chloroform

was taken as 100" extraction. lilxcept in the methanol solvent®extraction



Jr
of BHT «« by vefluxin®JviaB very low ( 60" or lees). Extraction of all the
8nti-oxidanl1,0 was only about 0% in methanol by shaking at room temperature,
When acetone was used as the solvent”the recoveries of BHT and SP were rath*
low. The above experiments revealed that shaking at room temperature
Was better than refluxing. Acetone, ... and 1 ; | mixture
gave almost the same level of extraction showing that they are/best suited
solvent systems. Therefore, for the subsequent experiments, as in our

previous work, we decided to use a 1:1 mix.ture of acetone and chloroform

and room temperattire shaking for extraction.

5. Examples of Qualitative and Quantitative Analysis an<MAnti-6xi<”nts
in Commercial Rubber Gloves

After establishing the methods of analysing anti-oxidants in rubber
gloves as described above, we analysed commercial products. We shall now
explain the procedure of this analysis taking sample No. 23 as an example.

aample No. 23 was a rather thick and long rubber glove mean'~for
domestic use. its commercial name was *Tokyo Tebukuro'. It carried a disp]
"Tokyo Latex Co-operative society*', but the manufacturer's name was not giv«
The gas c”omatogram. of the extract |lrom this glove showed three peaks” i*ei
Peak 1 Retention time 1.16;, Peak 2 (1.25), ?eak 3 (1.J5)* ‘'i'he retent:
times of Peaks 1 and 3 coincided respectively with those of IBBDMP and
KBMBP. We then subjected the extract to silica gel column chromatography.
Peak 1 was eluted in Fractions C and D,and Peak 3 in Fraction B. When GC-Hf
was oLone with each fraction, Peak 1 showed the major ion fragment/at m/z 29"
(W*) and 255 ( while in Peak 3 these were at m/z 340 (M*), 283
177» and 164* These more or less coincided with the mass spectra of autheni
IBBDMP and MBMBP. Pig. 4 gives the GC-MS mass spectra of peaks 1 and 3*

. s.-~-mple No. 23 was found to contain MBKBP and IBBDMP as

anti-oxidants. Quantitative analysis by » GO revealed the presence of



2040 micro g/ g of ICBKBP and 2160 micro g/g of IBBDMP*

Regarding Peak 2, froin the elution ‘behaviotir in silica gel
column chromatography, retention time in GC, and ... wae identified
to be butylbenzy~hthfllate (BBP). Its concentration was found to be as higt
as IfOOO micro g /g. Thus, we discovered that phthalic acid esters are
also used in rubber gloves for some purpope.

Fig. 5 shows a typical case where an anti-oxidant is present in
rubber glove, fRubber component,!Low molecular weightj waxy substances, etc
get almost all eluted in Fraction A* There were almost no peaks in the
other fractions that would interfere with the analysis. However,
the amount of ... extracted smf»ll"or when the amount of miscellf
neous materials is lar”, the quantitative analj*sie becomes difficult*

In such cases, clean up by a procedure other than adsorption chromatography,
i.e. gel chromatography, etc, would be required. W have not investigated
this aspect.

The results of analysis of 37 rubber glove samples using our method
of analysis are given in Tables la and Ib# 32 of the 37 samples had anti-
oxidants in them* Only in two samples, were more than one anti-oxidant pre«
MBVBP and IBBDMP were preswnt in sample No, 23”and SP and IPPD were present
in sample No. 25* Sample Nos. 19i 20, 26, 36, and 37 showed no trace of ani
of the anti-oxidants listed in Table Il. Sample Nos. 26, 36, and 37 showed
in their mass spectra the suggestion of the presence of some phenoloc compoi
We are presently investigating this. Y

Both in the Japanese and in the foreign-made products,"phenolic
compounds have been used as anti—exidants. 9 of 11 foreign-made sample:
contained MBMBP in the range, 244-6810 micro g/g. Among the Japanese
products, one sample contained IPPD, a nitrogen containing compound (177

micro g/g). The others contained phenolic anti-oxidants. 10 of them had Kl



(399 - 4860 micrg g/g)f 8 samples had SP (1600 - 6080 micro g / -g), 6 s»mpl
had IBBDMP ( 1590 - 6740 micro g /g)f and one ©ample had 4|4*-'b'ai;ylidene-
bjg (3-methyl-6-tegt-butyl phenol) (BBMBP) (3480 micro g /g).

Phthalic aoid estere ware not found in the goreign-made products?*
But among the Japaneee producte, ... (100- 274 micro g/ g), BBP
(89s (845t' 19000micro g / g) was found in two damplee; and IEHP (937 -
4220 micro g [/g) was found in 4 samples, i*he elution behaviour in silica
gel column ohromatography, retention time”in GO, and mass epectra of DBP"
BBPf and DBHP are given in Pigs. 2 and 3 and Table II, Chart 1
shows the structures of the anti-oxidants and phthalic acid esters found
in commercial rubber gloves.

Results of patch tests axe given Tables Va aiiA V b*
The proportion of subjects showing a reaction of (+) or higher is given
as percentages in the Tables.

After the patch test, the compounds were compared for the productic
of laymptoms at 72 h after administering the test. Comparisons were also

made betweenthe ‘'rubber product sensitive* and the *vinyl chloride sensiti

groups* . i>'ivephenolic anti-oxidants including MBVBP and SP caused almost
a

no positive reaction at”concentration of 10* in both the groups. On the

other hand, the nitrogen containing anti-oxidants, IPPD at

concentrationyboth in the ‘rubber products sensitive* and the *vinyl chlori

sensitive* groups.

DISCUSSION

Analysis of 37 commercially obtained rubber gloves for domestic
use revealed that mainly phenolic compounds such as MBMBP, SP, IBBDMP, etc

are used as anti-oxidants in these products. In fact, in 19 out of these 2



samplesi MBVBP was detected. SP wap found in b samples, IBBDMP in 6 eample
and BBMBP in one eaippte. Among nitrogen containing compounds, IPPD was fom
in one sample( SampIeANo, 25)e Sample No* 25 was a thiclc heavy duty rubbea
glove that is not normally used in homes# Cronin’s .book mentions3 a) that
p-phenylenediamine type anti-oxidants are used mainly in industrial rubber
products and not in household rubber products. This agrees with what we
foundse

In patch tests on patients with a history of contact dermatitis
caused by rubber products and a»4 subjects who had had contact dermatitis
from vinyl chloride products, phenolic a:x;idants like SPAwhich are i
use presently in rubber gloves, caused almost no positive reaction in eith«
group of subjects. They are~therefore, not condiidered to be strong
sensitizers™*

In our previous report, we had conduced that ”"IPPD was one of
substances responsible!* for the contact allergic dermatitis observed
to be causeiby the heavy duty rubber glove (Sample No. 25 in the present
study)* But nothing could be said about SP since no patch test was carrie*
out with it* "he results obtained in the present study suggest that SP
is not likely to be a causative agent.

In our study of the relavant literature, we foun<~few cases of
contact dermatitis caused by phenolic anti-oxidants* There were no cases
such dermatitis due to bia-phenol type compouni®such as the one detected i
commercial rubber gloves. As an instance of contact dermatitis by a phenol
anti-oxidant, Cronin* s book™ <cites a case of dermatitis casued by a surgic.
rubber glove” an“rubber sheet” that contained dioxydiphenyl ~ *
Cronin identified this compound to be a sensitizer* He also cites the exa:
of cases caused by a rubber glove® containing 2-p-methylcyclohexyl-4,6

thyl phenol and also by BHT and butylated hydroxyanisol (BHA)? Pish



had pointed out that mono-henzylhydroquinone hp& a colour removing
action as well as a Bensitizing action,

IPPD showed a very high incidence of positive reaption, among »11 ti
anti-oxidantP tried, K-anto et sd, had observed the strong sensitizing
action of IPPD when applied on Hartly strain of white "Ollfea pigs. The
books of Cronin and Fisher mention”® noA IPPD is a strong sensi-
tizer. Cases of contact dermatitis due to IPPD-containing tyres?,) rubberfzub«
rubber diving masks””\ etc have been reported.

While no phthalic esterfwere found in the foreign-made products,
the products.of some Japanese manufacturers showed the presence of DBP, BBP
DEHP in rubber articles meant for use with eatables. According to
a certain source™™\ DBP, DEHP, tricresyl phosphate, etc are used in
rubber products to soften the rubber, to disperse the ingredients well,
and to make the extrusion-forming, rolling, etc easier”*

To sum up the above results, phenolic compounds like MBMBP, SP, et
with low sensitizing action are mainly used as anti-oxidants in rubber glov
being marketed at present# Thus, as far as the anti,-oxidants are concerned
the present trend)® is desirable foler the viewpoint of contact dermatitis
patients, IPPD,which showed a far higher incidence of positive reaction
compared to other anti-oxidants tested, should not in our opinion be used
in rubber gloves for domestic use or in any rubber gloves including those

meant for industrial use.
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