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401 MY Street, SW

Washington, DC 20460

Dear Dr. Keifer:

As discussed on the telephone on June 24, | am enclosing for your information
copies of three final reports for ETAD studies on the in vitro skin penetration of certain
dyes. The dyes studied include C. |. Disperse Yellow 3, C. i. Disperse Red 17, C. |.
Disperse Red 60, C. I. Disperse Yellow 64, C. |. Disperse Orange, C. |. Disperse Blue
165, C. I. Disperse Blue 79:1, C. |. Reactive Blue 19, and C. |. Direct Blue 218.

These studies were conductad in an effort to supplement existing hazard
assessments and to previde a better basis for exposure assessment. Despite certain
technical limitations in the performance of these studies, the results were conclusive

concerning relative rates of skin penetration and demonstrated that only a very small
fraction of the applied dye penetrates the skin barrier.

Please let me know if you have any comments or questions about these studies.
You may phone me directly at 202-414-4154 or fax at 202-289-8584.
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Executive Director

Enclosures

9 1ddU
SN

cc: TSCA FYI! Coordinator

g3Al

File: US/TOX/4

MR

84970000016

1100 New York Avenue, N.W., Suite 1090 + Washington, D.C. 20005 - {202) 414-4100 - Fax (202) 289-8584




ZENECA CENTRAL TOXICOLOGY LABORATORY
ALDERLEY PARK MACCLESFIELD
CHESHIRE UK

CATEGORY B REPORT (CONFIDENTIAL) Sponsor: ETAD
Not to be Copied Except by a Sponsor Ref: 72030
Reports Centre CTL Ref: ¥08529/001, Y08530/001
Y08537/001, Y08538/001
Y08553/001, Y08558/001
CTL Study No: JV1436
Copy No:

REPORT NO: CTL/L/5926

IN VITRO ABSQORPTION OF VARIQUS DYES THROUGH
HUMAN AND PIG EPIDERMIS

CIRCULATION LIST

[nternal

Report Centre Reference Copy

Report Centre - Spare

Or I F H Purchase/Or J E Doe/Or E D Brown
Cr J W Botham

Mr R J Ward

Mr 8 H Wooilen

On G & PN -

External

7 Dr G Green-Buckley, Zeneca Specialties, Blackley
§ Dr J R Easton, Zeneca Specialties, Blackiey
9-20 DOr H Motschi, ETAD, Clarastrasse 4, CH-4005, Basel 5, Switzeriand
(for ETAD Technical Committee Members)

CTL/L/5926




ZENECA CENTRAL TOXICOLOGY LABORATORY
ALDERLEY PARK MACCLESFIELD
CHESHIRE UK

CATEGORY B REPORT (CONFIDENTIAL) Sponsor: ETAD
Not to be Copied Except by a Sponsor Ref: 72030
Reports Centre CTL Ref: Y08529/001, Y08530/001

Y08537/001, Y08£38/001
¥08553/001, Y08558/001
CTL Study No: JV1436

Copy No: |9

REPORT NO: CTL/L/5926

IN VITRO ABSORPTION OF VARIOUS OYES THROUGH
HUMAN AND PIG EPIDERMIS

by

R J Ward

THE DATA IN THIS REPORT HAVE NOT_BEEN QUALITY ASSURED

Approved for Issue: Date of Issue: & 0 DEC 1994

Product Toxicol

Dr J W Botham //{Jfﬁ__‘:——_
gis

CTL/ /5926 - 1




IN_VITRQ ABSORPTION OF VARIOUS OYES
THROUGH HUMAN AND PIG EPIDERMIS

SUMMARY

The in vitro absorption of six disperse dyes (disperse red 60, disperse
yellow 64, disperse red 17, disperse vellow 3, disperse blue 165 and
T2030/76) has been measured through human and pig epidermis. The dyes were
prepared as suspensions (1000ug mi-1) in a 0.5% solution of TWEEN 80 in
distilied water which were applied to the epidermal membranes at a rate of
200ul cm2 (= 200ug cm‘z). Absorption was measured under occlusion during
an exposure period of 53hr.

The most slowly absorbed dye was disperse Llue 165 (maximum rates <0.04upq
em=2 hr-l for human and 0.013ug em=2 hr-l for pig). The fastest absorption

rates were measured from disperse yeliow 3 (maximum rates 0.219ug cm~2 hr-l
for human and 2.59ug em=Z hre-l for pig. For all the dyes, absorption
through pig epidermis over predicted absorption through human epidermis by
factors of up to 17.1 (disperse red 17).

INTRODUCTION

The in vitro absorption of various dyes been measured to obtain information
on their potential to be absorbed through human and pig epidermis. Six
disperse dyes were tested:

Disperse Red 60
Disperse Yellow 64
Disperse Red 17
Disperse Yellow 3
Disperse Blue 155
72030/76
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Absorption was measured using glass diffusion cells (Figure 1) employing
estab}ished methodology (Scott and Clowes, 1992).

METHOD

Extraneous tissue was removed from human whole skin samples and pig whole
skin was separated from the cartilage of pig ears. The whole skin samples
from both species were immersed in water at 60°C for 40-50 seconds. The
epidermis was gently teased off the dermis and stored deep frozen on
aluminium foil until required for use.

Sampies of human or pig epidermis were mounted in glass diffusion cells and
the integrity of the membranes determined by measurement of their
permeability to tritiated water. Membranes displaying a permeabiiity
coefficient of <1.5 x 10-3cm hr-l (human) or <4.5 x 10-3cm hr-1 (pig) were
regarded as being undamaged and used for exposure to the test dyes.

Each dye was mixed with a solution of 0.5% TWEEN 80 in distilled water to
give a dye concentration of 1000ug mi-1l and at this concentration all the
dyes remained in suspension. The suspensions were ultra-sonicated to
disperse any large particles and were applied to the epidermal membranes
immediately after preparation to ensure maximum homogeneity. The
application rate was 200p1 em-2 (equivalent to 20 1g dye em=2). The donor
chambers were occiuded to prevent any evaporation of the yehicle during the
exposure period (55hr). At recorded intervals throughout the exposure
period, samples (0.5m1) of the receptor fluid (50% ethanol in distilled
water) were taken vrom the receptor chamber for analysis. The volume of
fluid in the receptor chamber was maintained by the addition of 0.5ml of
fresh receptor fluid to the chamber immediately after the removal of each

sample.

The samples taken during the exposure period were analysed by high
performance liquid chromatography (HPLC), with the limits of determination
varying between 0.02 and 0.05u9 mi-l, dependent upcn the dye. The results
of the analyses were used to calculate the amount (ug em-2) of dve absorbed
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at each sample time point and to determine the absorption profiles

(ng cm-2 v time). The absorption rates (ug em-2 hr'l) were calculated from
the slope of the profiles between a chosen range of time pcints. The
maximum absorption rates is represented by the linear portion of the

profile.

RESULTS AND DISCUSSION

The mean absorption profiles for each dye through human and pig epidermis
are displayed in Figures 2-7 and the mean absorption data in Table 1.

The data given in Table 1 represent the absorption rats, if measurable,
during a working day period (1-10hr) and the maximum rate determined for
each dye. Where absorption was below the limit of determination, values
equivalent to the iimit of determination have been used in calculations for

the mean absorption rates.

The most poorly absorbed of the dyes was Cisperse Blue 165, from which no

absorption was detected through human epidermis (<0.004ug cm-2 hr“l) and

from pig epidermis absorption was only detected 48hr after exposure through
3 of the 6 membranes used (0.013ug cm=2 he-l). From the remainirg dyes,
absorption was detected through both human and pig epidermis within the
first 10hr after application. The fastest absorption rates were measured
from Disperse Yellow 3 (human = 0.219g em2 hr-l; pig = 2.5%4g em-2 hr-ly
during the latter maximum periods of absorption.

For all 6 dyes absorption rates were faster through pig epidermis than
through human epidermis. With the exception of Disperse Blue 165, where
the difference between pig and human epidermis could only be calculated as
>3.25, the factors of difference (pig > human) during the latter period
varied between 6.1 for Disperse Yellow 64 and 17.1 for Disperse Red 17.
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The absorption r. -es obtained for the dyes in this study were very slow
when compared wi_a the absorption rate of other penetrants measured using
this technique (Dugard and Scott, 1984; Dugard et _al, 1984). The ranking
order for maximum absorption rates was the same for human and pig skin
(Figure 7). The results indicate that, although pig skin over-predicts
absorption through human skin jn_vitro test system, it can be used to
predict the relative rates of absorption of disperse dyes through human

(Study Director)
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[N _VITR) ABSORPTION OF VARIQUS DYES
THROUGH HUMAN AND PTG EPIDERMIS

TABLE 1

SUMMARY QF THE MEAN ABSORPTION RATES THROUGH
HUMAN AND PIG EPIDERMIS

Mean Absorption Rates (n=¢)

Human Epidermis Pig Epidermis

Time Time 1
Period ug em=2 hr-l Period 1o em=2 hr-l
(hr) + SEM (hr) + SEM

Disperse . . 1-10 .068 = 0.005
Red 60 - .020 = Q. 10-55 .207 £ 0.023

Disperse 0.007 = Q.
Yellow 64 0.008 = <0.

Disperse . . .158 + 0.005
Red 17 - . . .80 = 0.278

Disperse . . .508 + 0.050
Yellow 3 - . . .59 = 0.233

Disper-e 1-1 <0.007
Blue 165 - -5 013 £ 0.0086

T2030,76 01-10 <0.003 .012 = 0.001
10-55 0.004 = 0.001 24-55 .050 = 0.007

i
Where absorption was below the limit of determination LOD, the value for
the LOD has been included to calculate tr2 mean.
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IN VITRQ ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 1

DIFFUSION CELL
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" IN_VITRQ ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDERMIS
FIGURE 2

MEAN ABSCRPTION PROFILES FOR
DISPERSE RED 60
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IN VITRQ ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDEP'TS

FIGURE 3

MEAN ABSORPTION PROFILES FOR
DISPERSE YELLOW 64
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FIGURE -

MEAN ¢ 4SORPTION PROFILES FOR
DISPERSE RED 17
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JN_VITRO ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 5

MEAN ABSORPTION FROFILES FOR
DISPERSE YELLOW 3
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FIGURE 6

MEAN ABSORPTION PROFILES FOR
DISPERSE BLUE 165
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IN VITRQ ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 7

MEAN ABSORPTION PROFILES FOR
T2030/76

Human Epidermis (n=6)

0. -

0,00

Pig Epidermis (n=6)

2.0

1.0

CTL/L/5926 - 13




IN VITRQ ABSORPTION OF VARIOUS DYES
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 8

COMPARISON OF MAXIMUM ABSORPTION RATES
FOR EACHR DYE
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETHIC PERSPIRATION AND FIVE FORMULATIONS
THROUGH HUMAN AND PIG EPIDERMIS

The jn vitro absorption of the disperse dyes red 60 and yellow 3 has been
measured from saturated solutions in synthetic perspiration and from five
formulations of each dye. The formulations contained 2.5% dye and 7.5% of
one of five dispersing agents (Sodium Dispersol, Ultrazine NA, Ufoxane 2,
Reax 85A or Dynasperse A). Absorption was measured through human epidermis
and, for one formulation of disperse yellow 3, through pig epidermis.

The solutions of dye in synthetic perspiration were applied at 10yl em=2
and as bulk applications of 200m. em2. The dye formulations were applied
only at 10ul em=2.  The 10p) cm=2 applications, which were designed to
simulate potential dermal exposure, were left unoccluded for the duration
of the exposure period (55hr), while the higher applications were occluded.

For the applications to human skin in synthetic perspiration at a rate of
10u1 cm‘z, no absorption of either dye was detected (<0.001pg cm” he-l).
At 200p1 cm-2 the respective absorption rates for disperse yellow 3 and
disperse red 60 were 0.09 and 0.02ug em2 hr-l. These results indicate
that the ahsorption of these dyes from perspiration is likely to be very

Tow.

Absorption of the formulated dyes through human epidermis was slow. For
the disperse red 60 formulstions, absorption rates for the dye ranged from
0.005ug em=2 hr-l (Ultrazine NA and Ufoxane 2 formulations) to

<0.001pg em-2 hr=1 (Reax 85A formulation). From the disperse yellow 3
formulations the range was 0.012ug em~2 hr-l (sodium dispersol formulation)
to <0.00lug cm-2 hr-l (Reax 85A and Dynasperse A formulations).
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Absorption of disperse yellow 3 through pig epidermis frum the Reax 85A
formulation (up to 0.122ug em-2 hr-1l) was at least 100 times faster than

than through human epidermis.

These results indicate that the absorption of these dyes, although very
slow, was affected by the presence of the dispersing agents and that their
effect on absorption rate was not necessarily the same for each of the two

dyes tested.

2. INTRODUCTION

The in_vitro percutaneous absorption of the disperse dyes red 60 and yellow
3 have been measure from solution in a synthetic perspiration and from
formulations containing different dispersing agents.

Absorption was measured using glass diffusion cells (Figure 1) employing
established methodology (Scott and Clowes, 1992).

METHOD
3.1 Preparation of Epidermal Membranes

Extraneous tissue was removed from human whole skin samples and pig whole
skin was separated from the cartilage of pig ears. The whole skin samples
from both species were immersed in water at 50°C for 40-50 seconds. The
epidermis was gently teased away from the dermis and stored deep frozen on
aluminium foil until required for use.

3.2 Assembly of Diffusion Cell and Assessment of Membrane Integrity.

Samples of human or pig epidermis were mounted i glass diffusion cells and
the integrity of the membranes determined by measurement of their
permeability to tritiated water. Membranes displaying a permeability
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coefficient of <1.5 x 10~3cm hr=l (human) or <4.5 x 10~3cm hr-1 (pig) were
regarded as being undamaged and used for exposure to the test dyes.

3.3 Determination of the Absorption of the Test Dyes from Synthetic
Perspiration.

The synthetic perspiration solution was prepared as described in BS1009:
1990 Section E04; Paragraph 4.4 (acid solution). The solution was freshly
prepared before use and contained per litre of water:

0.5g 1-histidine monohydrochloride monohydrate
0.5g sodium chloride
2.2g sodium dihydrogen orthophosphate dihydrate

The resulting solution was was adjusted to pH5.5 by the addition of 0.1M
sodium hydroxide.

Aliquots of the standard material for each dye were mixed on a magnetic
stirrer with the synthetic perspiration solution for lhr at room
temperature to achieve saturated solutions. The resulting mixtures were
centifuged and the supernatants sampled for analysis prior to dosing.

Each supernatant solution was applied to the epidermal membranes at a rate
of 10p) cm~2 and 200p! em2, with the higher dose being occluded for the
duration of the exposure period (55hr). At recorded intervals throughout
the exposure period, samples {0.5ml) of the receptor fluid

(50% v/v ethanol in distilled water) were taken from the receptor chamber
for analysis. The volume of fluid in the receptor chamber was maintained
by the addition of 0.5m1 of fresh receptor fluid to the chamber immediately
after the removal of each sample.

The samples taken during the exposure period were analysed by high
performance liquid chromatography (HPLC). The limits of determination were
0.03pg mi~1 for disperse red 60 and 0.04pg m1-! far disperse yellow 3.
Where absorption of the dyes was detected, the ~asults of the analyses were
used to calculate the amount (ug cm-2) of dye azsorbed at each sample time

CTL/L/6841 - 4




point and to determine the absorption profiles (ng em~2 v time). The
absorption rates (ug cm-2 hr‘l) were calculated from the slope of the
profiles between a chosen range of time points.

3.4 Determination of the Absorption of the Test Dyes from
Formulations.

Five test formulations per dve were studied. The formulations contained
2.5% of dye and one of five dispersing agents (sodium dispersol, Ultrazine
NA, Ufoxane 2, Reax 85A or Dynasperse A) at a concentration of 7.5%.

The test forrulations were applied directly to epidermal membranes at a
rate nf 10ul cm~2 and left unoccluded for the duraticn of the exposure
pericd. rhe receptor solution, sampling and analysis were as described in
Section 3.3.

RESULTS AND DISCUSSION

Where absorption of the dyes was detected, the mean absorption profiles are
displayed in Figures 2-7. The mean obsorptron rate data are given in

Tabies i-3. wnere absorv antitation
(0.001kg em=2 hr-l for both dyes), values equiv
quantitation have been used in calculations to obtain the mean absorption

- e
- qu
al

ent to the limit of

rates.
4.1 Absorption from Artificial Perspiration.

Analysis of the supernatant saturated dye solutions in synthetic
perspiration gave concentrations of 24.4pg ml-! for disperse red 60 and
20.9%4g ml-! for disperse yellow 3.

No absorption {<0.001pg em~2 hr’l‘ of either dye was detected from the

10wi em2 applications of these saturated s ions. From the 200ul cn~2
occluded appli cion of disperse red 62 (Table 1), absorption was not
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detected until after 10 hours after application (Figure 2), after which
time an absorption rate of 0.020ug em=2 hr-l was achieved. From ihe 200p1
cm=2 application of disperse yellow 3 (Table 1) absorption was measurable
aftar 2 hours (Figure 3) at a rate of 0.090ug em2 kre-l,

The mean absorption rate obtained for the disperse red 60 applied at

200p1 em-2 was the same as that obtained from an earlier study (Report Nc
(TL/../5926), when the dyes were applied at 1000ug mi-1 in water containing
0.5% TWEEN 80. The mean rate obtained for disperse yellow 3 was
approximately twice the rate obtained in the earlier study.

4.2 Absorption from Formulations

No absorption (<0.001ug em=2 hr-l = 0.02% of applied dose at 55hr) of
disperse red 60 (Table 2) :as detected from the Reax 85 formulation or of
disperse yellow 3 (Table 3) from either the Reax 85 or Dynasperse A through
human epidermis. The absorption rate for disperse red 60 from Dynasperse A
was 0.003pg cm=2 hr=1 (0.07% of applied dose at 55hr).

Mean absorption of both dyes from the Ultrazine NA and Ufoxane 2
formulations were the same (0.006ug cm=2 hr-l; 0.13% of applied dose at
55hr). The fastest absorption rates for disperse red 60 were from these
Ultrazine NA and Ufoxane 2 formulations, but for disc rse yellow 3, the
fastest rate was from the Sodium Dispersnl formulati.. (0.012ug em-2 hr‘lg
0.26% of applied dose at 55hr).

From the application of the Reax 85 formulation to pig epidermis the
maximum absorption rate was measured between 1-24hr (0.122pg cu-2 hr-1).
The average rate over 55hr was 0.087ug em~2 hr-l (2% of applied dose at
55hr) .

These results indicate that the absorption of these dyes, although very
slow, was affected by the presence of the dispersing agents and that their
effect on absorption rate was not necessarily the same for each of the two

dyes tested.
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DISPERSé RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

TABLE 1

ABSORPTION FROM SYNTHETIC PERSPIRATION

Dye

App1icat£gn Time Periou

(n? cm (hr)

Mean Abaorption Rate
(2g cm=é hr=! = SEM)

Disperse
Red 60

10 2-55
10-55

<0.001 (n=6)
0.020 + 0.004 (n=6)

Disperse
Yellow 3

<0.001 (n=5)
0.090 & 0.005 (n=6)
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

TABLE 2

ABSORPTION OF DISPERSE RED 60 FROM FORMULATIONS
THROUGH HUMAN EPIDERMIS

Dispersing Time Period Mean Abiorptlon Rate
Agent (hrs) (pg cm™¢ hr™t ¢ SEM)

Sodium 31-55 0.002 = 0.001 (n=6;
Dispersol

Ultrazine NA 0.006 + 0.002 (n=5)

Ufoxane 2 0.006 + 0.002 (n=6)

Reax 85A <0.001 {n=5)

Dynasperse A 0.003  0.001 (n=5)

CTL/L/6841




DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION

FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

TABLE 3

ABSORPTION OF DISPERSE YELLOW 3 FROM FORMUATIONS
THROUGH HUMAN AND PIG EPIDERMIS

Dispersing Time Period Mean Abéorption Rate
Agent (hrs) (ng cm=¢ hr-l = SEM)
Sodium 6-55 0.012 + 0.005 (n=5)
Dispersol
Ultrazine NA 10-55 .0.006 £ 0.002 (n=6)
Ufoxane 2 10-55 0.006 + 0.003 (n=6)
Reax 85A
Human 2-55 <0.001 (n=5)
Pig 1-24 0.122 £ 0.039 (n=6)
1-55 0.087 + 0.029 (n=6)
Cvnasperse A. © 2-55 <0.001 (n=5)
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND P1G EPIDERMIS

FIGURE 1

DIFFUSION CELL
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 2

MEAN ABSORPTION PROFILES FOR
DISPERSE RED 60 AND DISPERSE YELLOW 3

FROM SYNTHETIC PERSPIRATIO!

(Application Rate 200pl cm~¢)

Disperse Red 60 (n=6)

Disperse Yellow 3 (n=6)
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DISPERSE RED 60 AND DISPERSE YELLOW 3: JN VITRQO ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 3

MEAN ABSORPTION PROFILES FOR
DISPERSE RED 60 AND DISPERSE YELLOW 3
FROM SODIUM DISPERSOL THROUGH HUMAN EPIDERMIS
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRO ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 4

MEAN ABSORPTION PROFILES FOR
DISPERSE RED 60 AND DISPERSE YELLOW 3
FROM ULTRAZINE NA THROUGH HUMAN EPIDERMIS

Disperse Red 60 (n=6)
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRO ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 5

MEAN ABSORPTION PROFILES FOR
DISPERSE RED 60 AND DISPERSE YELLOW 3
FROM UFOXANE 2 THROUGH HUMAN EPIDERMIS
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRO ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 6

MEAN ABSORPTION PROFILE FOR
DISPERSE RED 60
FROM DYNASPERSE A T?ROg?H HUMAN EPIDERMIS
n=
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DISPERSE RED 60 AND DISPERSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETIC PERSPIRATION AND FIVE FORMULATION
THROUGH HUMAN AND PIG EPIDERMIS

FIGURE 7

MEAN ABSORPTIGN PROFILES FOR
DISPERSE YELLOW 3
FROM REAX 85A TH?OUG? PIG EPIDERMIS
n=6
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Ecological and Toxicological Association of Dyes and Organic Pigments Manufacturers

U.S. DYE MANUFACTURERS OPERATING COMMITTEE OF ETAD

August 5, 1996

TO: USOC Toxicelogy Task Force

For your information, attached is a correction to the Zeneca F aport No.
CTUL/6841 which was included in the skin penetration reports circu ted to you in the

package mailed on June 19, 1996.

* Tucker Helmes, Ph.D.
cxacutive Director

Attachment

File: T i030

1100 New York Avenue, N.W., Suite 1090 - Washington, D.C. 20005 - {202) 414-4100 + Fax (202) 289-8584
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FIRST AMENDMENT TO
DISPERSE RED 60 AND DISPERSE YELLOW 3:

v ABSORPTION FROM SYNTHETIC PERSPIRATION
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FIRST AMENDMENT TO

DISPERSE RED 60 AND DISPEPSE YELLOW 3: IN VITRQ ABSORPTION
FROM SYNTHETHIC PERSPIRATION AND FIVE FORMULATIONS
THROUGH HUMAN AND PIG EPIDERMIS

In the above report, page 6, paragraph 1, line 4, the reference to Figure 3
should be to Figure 2.

Signature....
R J Wapd
(Study’ Director)




detected urntil after 10 hours after application (Figure 2), after which
time an absorption rate of 0.020ug em=2 hr-l was achieved. From the 200ul
cm=2 applicatior. of disperse yellow 3 (Tabie 1) absorption was measurable
after 2 hours (Figure 2) at a rate of 0.050ug em~2 hr-l.

The mean absorption rate obtained for the disperse red 60 applied at

200u) cm~Z was the same as that cbtained from an earlier study (Report No
CTL/L/5926), when the dves were applied at 1000uy mi-1 in water containing
0.5% TWEEN 80. The mean rate cbtained for disperse yellow 3 was
approximately twice the rate obtained in the earlier study.

4.2 Absorption from Formulations

No absorption (<0.0Clug em=2 hr-l = 0.02% of applied dose at 55hr) of
disperse red 50 (Table 2) was detected from the Reax 85 formulation or of
disperse yeilow 3 (Table 3) from either the Reax 85 or Dynasperse A through
human epidermis. The abscrption rate for disperse red 60 from Dynasperse A
was 0.003ug em-2 hr-! (0.07% of applied dose at 55hr).

Mean absorption of both dyes from the Uitrazine NA and Ufoxane 2
formulations were the same (0.0 6ug em-€ hr-l: 0.13% of applied dose at
55hr). The fastest absorption rates for disperse red 60 were from these
Ultrazine NA and Ufoxane 2 formulations, but for disperse yellow 3, the
ats wac from the Sodium Dispersal formulation (0.012ug en-2 hrl;

Lamband =
FgILTIL FERT W

0.26% of applied dose at 55hr).

From the application of the Reax 85 formulation to pig epidermis the

maximum }bscrption rate was measured between 1-24hr (0.122ug ca~2 hr‘l).

The average rate over 55hr was 0.087ug em~2 nr-l s of applied dose at
55hrj.

These results indicate that the absorptiun of these dyes, although very
slow, was affected by che presence of the dispersing agents and that their
effect on absorptien rate was not necessarily the same for each of the two

dyas tested.
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l4c-Mannitol, 3H-Water and Three Dyzs: In Vitro Skin Penetration Following
a Single Application to the Excised Skin of Humans and Pigs

SUMMARY

The cutaneous penetration kinetics of 3H-waer (550 ul) or l4c-mannitol (550
al; 1 mg/ml) through excised pig ear and human abdominal skin samples were
measured using in vitro techniques for a 6-hr geriod. In addition, the
cutaneous penetration kinetics of l4c-pisperse Blue 79 (110 ul; 5 mg/ml),
Reactive Blue 19 (550 pl: 1 mg/ml) and Direct Blue 218 (550 ul). 1 mg/ml) were
evaluated by the same in vitro technigues using human abdominal skin samples.
The CAS numbers were 2580-78-1 (Reactive Blue 19), 10401-50-0 (Direct Blue
218), 3618-72-2 (Dispersion Blue 79}, and 69-65-8 (D-Mannitol). Test
substances penetrating skin samples and collected in the effluent were
measured by liquid scintillation spectrometry oOr high-performance liquid
chromatography (HPLC).

For pig ear skin, the lag time before skin penetration of l4C-mannitol or
3g-water reached a steady-state rate was 2.77 and 1.73 hr, respectively. The
steady-state rate of penetration of mannitol or water through pig ear skin was
calculated to be 0.2 pg/cm?/hr and 6.12 mg/cm?/hr, respectively, while the Kp
value was calculated to be 0.21 x 1073 cm/hr and 6.12 x 103 cm/hr,
respectively. These results were similar to those reported by Scott and Dick
(1990). For human abdominal skin, the lag time before skin penetration of
14C-mannitol or 3H-water reached a steady-state rate was 3.49 and 2.17 hr,
respectively. The steady-state rate of penetration of mannitol or water
through human skin was calculated to be 0.006 pg/cmi/hr and 2.43 mg/cm?/hr,
respectively, while the Kp value was calculated to be 0.006 x 1073 ecm/hr and

2.43 x 1073 cm/hr, respectively.

These results show that significantly more 3g-water can penetrate both pig ear
skin and human abdominal skin than l4C-mannitcl. However, the total
penetration of water and mannitol after 6 hr of exposure was 2.7-times and 55-
times less for human skin than for pig ear skin. Similarly, both the steady-
state penetration rates and permeability constants for water and mannitol were
anuroximately 2.5-times and j0-times less, respectively, for human skin than
for pig ear skin. These results would suggest that pig ear skin is not a good
animal model for human cutaneous penetration of chemicals.

For the 14C-DB-79 applied to human abdominal skin, the lag time before skin
penetration reached a steady~state rate was 3.38 hr. The steady-state rate of
penetration of DB-79 through human skin was calculated to be 0.0057 pg/cm?/hr.
The Kp value for the skin penetration of this dye, however, could not be
calculated. Skin penetration of the Reactive Blue 19 and Direct Blue 218
applied to human abdominal akin could not be detected by HPLC above the

pinisum detection limit of 1 ug/ml.

Little or no Disperse Blue 79, Reactive Blue 19 or Direct Blue 213 was
detected penetrating human skin samples. These results indicate that human
dermal exposure to any of these 3 dye compounds would probably not result in a

significant absorbed dose.
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BACRGROUND INFORMATION
Cutaneous penetration of a potentially toxic chemical can be an important
factor in the assessment of human health risk if skin contact commonly occurs
during the manufacture or use of that compound. Cutaneous abso:ption of
chemicals has been studied using various animal models. However, compared to
other routes of exposure, little is known about the absorbed dose and the skin
penetration rate of most chemicals following dermal e:xposure. Because of
this, many risk assessments of dermal expos—ze to cheaicals make the
assumption that the entire exposure amount is absorbed into the body. This
conservative approach would obviously over estimate the human health risk from
such exposures. In addition, predictions of potential human health risk from
results of dermal studies conducted in animals may not be an accurate
reflection of the actual dose absorbed by humans.

In recent years, in vitro techniques have been developed to assess the
cutaneous penetration kinetics of chemicals using a wide variety of animal and
human skin samples. Studies using such technigues have allowed more accurate
extrapolations of in vivo animal studies to human exposure scenarios and thus,
provide more accurate assessments of potential human health risk following
dermal exposure to chemicals.

OBJECTIVE

One purpose of these studies was to develop and validate an in vitro skin
penetration measurement system that could be maintained as a resource in a
U.S. laboratory for use by U.S. dye manufacturers to study the skin
penetration of dye compounds. Therefore, the cutaneous penetration kinetics
of JH-water or l4C-mannitol through excised pig ear and human abdominal skin
samples were determined. The results were then compared to similar findings
from other laboratories in order to validate the methodologies used in the
studies presented in this report. 1In addition, the cutaneous penetration
kinetics of 3 dye compounds of interest O the members of the United States
Operating Committee of ETAD were evaluated by txe same in vitro techriques
using human abdominal skin samples.

DOSE SELECTION

A volume of 550 ul of 3JH-Water or l4C-Mannitol (1 mg/ml water) was applied to
pig ear skin. The same was done for human skin, plus 550 ul of Reactive Blue
1 (1 mg/ml water), 550 ul of Direct Blue 218 (1 mg/ml water), or 110 pl of
14c-pisperse Blue 79 (5 mg/ml acetone) vas also tested (for the latter test
substance, the acetone vas avaporated as quickly as possible after application
to the skin). Por comparative purposes, these dose amounts and volumes were
based on the doses usad in similar studies conducted by another laboratory

(Scott and Dick, 1990).
MATERIALS AND METHODS

A e e e ———————

The protocol and protocol amendments (BRRC Project ID 92N1108) detailing the
design and conduct of this study are included in Appendix 1.
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Unlabeled Test Substances

Al e —————

A sample of 100 g of Reactive Blue 19, Reference No. 1406SM-127B, CAS No.
2580-78-1, was received on November 2, 1993 from Hoechst Celanese, Coventry,
RI, and assigned BRRC Sample No. 56-400. A 1 pint sample of Direct Blue 218,
Lot No. 182, CAS No. 10401-50-0, was received on December 21, 1993 from
Fabricolor, Paterson, NJ, and assigned BRRC Sample No. 56-451. The test
substances were dark powders and were stored at room temperature.

A 5 gallon drum of Disperse Blue 79, Lot No. KA0008, CAS No. 3618-72-2, was
received on January 10, 1990 from sandoz Chemicals, Charlotte, NC, and
assigned BRRC Sample No. 5$3-010. The test substance was a dark green powder
and was stored at rcom temperature.

A S0 g sample of D-Mannitol, Lot No. TZ 00701TZ, CAS No. 69-65-8, was
receive@ on June 3, 1994 from Aldrich Chemical Company, Metuchen, NJ and
assigned BRRC Sample No. 57-145. The test substance was a white powder and
was stored at room temperature.

Labeled Test Substances

A sample of 5.0 mCi of 3g~-wWwater, Lot No. 2870-041, was received on June 2,
1992, from NEN Research Products, Boston, MA, and assigned BRRC Sample No.
55-150. The specific activity was 1.0 mCi/g. The test substance was 2 clear
liquid and was stored refrigerated.

A sample of 100 uCi of l4c-p-Mannitol, Lot No. 043H9216, was received on
April 2, 1292, from SIGMA Chemical Company, St. Louis, MO, and assigned BRRC
Sample No. 57-107. The specific activity was 51.6 mCi/mmol. The test
substance was a clear liquid and was stored refrigerated.

A sample of 2.5 mCi of 14c-c. I. Disperse Blue 79, Lot No. 2729-035, was
recaived on June 5, 1990. from NEN Research Products, Boston, MA, and assigned
BRRC Sample No. 53-191. “he specific activity was 13.4 mCi/mM or 21 uCi/mg.
The radiochemical purit f this labeled test substance was determined at BRRC
prior to its use to be approximately 89.1% pure. The test substance was a
blue solution and was stored. in the freezer.

Pig Skin samples

Three female pig ears wvere obtained fresh from a local slaughterhouse and
transported to the laboratory on wet ice.

Human Skin Saasples

Fresh samples of human abdominal skin wvere obtained from IIAM (International
iInstitute for the Advancement of Medicine), Exton PA. The samples were in
physiological saline (0.9% NaCl) and shipped on wet ice. Upon arcrival, the
specimens were paintained in saline until prepared and placed in the chamber.

The initial experiment was conducted on June 10, 1994 and the final experiment
on December 6§, 1994.
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Administration of Test Substances
Preparation of Skin

Skin discs were prepared by a modification of the method described by Kao et
al. (1983) for full-thickness excised skin preparations. The hair of the pig
ears vas clipped and the ear separated (the outer portion was used). Skin
pieces were gently scraped with a spatula or scalpel to remove fat and
connective tissue. Three l-inch discs from each pig ear and 10 l-inch discs
from human skin specimens were placed in a Petri dish containing minimum
essential medium (MEM; Eagle's medium with Earle's salts (Eagle, 1959), 25 mM
HEPES buffer (Gibco) and penicillin/streptomycin as antimicrobial agents) (pig
ear) or saline (human skin) prior to positioning in the chamber.

Application of Dose

A volume of 550ul of l4C-mannitol (1 mg/ml) or 3H-water was applied to 1 skin
disc from each animal preparation and to 2 skin discs from each human skin
preparation. Target radioactivity levels were 5-10 uCi per skin disc. The
level of radioactivity in dosing solutions was determined by liquid
scintillation spectrometry (LSS).

The Reactive Blue 19 and Direct Blue 218 dose solutions were prepared by
weighing approximately 0.01 g of each dye into a 10 ml volumetric flask and
diluting to volume with naline. A volume of 550 ul of each 1 mg/ml solution
was applied to 2 skin discs from each human skin preparation.

The 14c-DB-79, in acetone, stock solution was at a concentration of 5 mg/ml.

A volume of 110 pl of the stock solution was applied to 2 skin discs from each
human skin preparation and the acetone was immediately evaporated with a
strean of nitrogen, to achieve a cimilar mass dose as the other 2 dye
compounds tested. Target radioactivity levels were 5-10 uCi per skin disc.

The level of radioactivity in dosing solutions was determined by LSS.

In all cases, the amount of test substance applied to each skin disc was aa
amount that covered the entire exposed sk'a surface (1.77 cn?) and to insure
that an "infinite dose" was achieved. Aa "infinite dose" or an amount of test
substance that would not be entirely absorbed through the skin during the 6é-hr
exposure period was used to allow the calculation of steady-state penetration
rates and permeability constants (Kp) as described below. The opening in each
chamber was sealed with a glass stopper to prevent evaporative losses during

the experiments.

In vitro Methodology

The apparatus and techniques used are a modif. ation of the methods and skin
chamber design previously described by Holland et al. (1984). A schematic
representation of the current chamber design is shown in Figure 1. The dermal
surface of the skin preparations was bathed with the MEM (pig ear) or saline
(human skin) at a flow rate of approximately 2.5 al/hr for at least 30 minutes
prior to application of test substance. The test substances vere applied to
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the exposed epidermal sucface (1.77 cm?} of each skin disc through the
openings in the upper plate of the chamber. During the 0-6 hr sampling, media
or saline effluent, at a flow rate of approximately 2.5 ml/hr, was voided
directly into empty scintillation vials. The samples containing a
radiolabeled test substance were then mixed with scintillation cocktail and
analyzed by LSS. At termination of the 3g-water and l4C-mannitol experiments,
skin pieces were removed from the chamber, placed in a Petri dish, and any
unabsorbed dose was removed from the skin using water-wetted cotton swabs,
which were placed in scintillation vials. Rins2 samples were counted by LSS
and skin samples were combusted in a biological oxidizer prior to LSS analysis
for inclusion in the calculation of total recovery.

The effiuent samples for the unlabeled test substances were collected in
scintillation vials, weighed and then transferred to chromatographic vials for
chemical analysis. No additional samples were collected or analyzed for the 3
dye compound experiments.

Sample Analysis

14c-Nannitol, 3H-Yater, 4C-Disperse Blue 73

The amount of l4C-mannitol, 3H-water or l4c-pisperse 3lue 79 that penetrated
human skin samples and into effluent samples was directly measured by LSS.

For this study, the average background radicactivity was approximately 50 DPM.
The minimum detection limit of these radiolabeled compounds was set to twice
this background level or 100 DPM.

Reactive Blue 19

To determine the amount of Reactive Blue 19 (BBR) that penetrated human skin
samples into the effluent, procedures for the quantitation of BBR in saline
were modified from methods obtained from the sponsor arnd validated at BRRC.
Standard solutions of BBR in saline, ranging from 0.1-10 pg/ml, were prepared
and analyzed using a high-performance liquid chromatograph (HPLC) equipped
with & C-18 reverse-phage column and cocupled to an ultraviolet detector.

Table 1 describes the operating conditions used for these analyses.

An aliquot of each effluent sample was transferred to an ESLC vial for
analysis. One hundred gl of each sample and standard were injected onto the
HPLC system. The EPLC anaiysis of standard solutions of BBR in saline yielded
a single BBR peak. The lower limit of detection was estimated to be 1 pg/ml.

Direct Blue 218

To determine the amount of Direct Blue 218 (DB-218) that penetrated human gkin
samples into the effluent, procedures for the quantitation of DB-218 in saline
were modified from methods obtained from the sponsor end validated at BRRC.
Standard solutions of pB-218 in saline, ranging from 0.1-10 pg/ml were
prepared and analyzed using a HPLC equipped with a C-18 reverse~phase column
and coupled to a ultraviolet detector. Table 2 describes the operating
conditions used for these analyses.
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An aliqu - of each effluent sample was transferred to an HPLC vial for
analysis. One hur.!red ul of each sample and standard were injected onto the
HPLC system. Tht *2LC analysis of standard solutions of DB-218 in saline
yielded a single DB-218 peak. The lower limit of detection was estimated to
be 1 pg/ml.

Data Processing

Mass Balance Determinations

The total recovery of the applied radiocactive dose was determined at the
termination of the H-water and !4C-mannitol experiments. This included the
amount of radioclabel measured in effluent samples, the amount of unabsorbed
dose including the amount that could be rinsed from the skin surface, and the
amount of residual chemical left in the skin which was inaccessible to removal
by the water rinse. Mass balance determinations were not performed for the 3
dye compounds tested in this study.

Skin Penetration Characteristics

The amount of radiolabelled water and mannitol that peneirated skin
{cumulative percent absorbed) was determined from the =um of effluent counts
divided by the mean dosing solution counts. The steady-state penetration rate
was computed by plotting interval 14C or 32 values (normalized to mass per
unit surface area) vs. time and then taking the slope from the linear portion
of the curve. These slope values were used to calculate permeability constant
(kp) values as described by Bronaugh et al. (1982). Figure 2 illustrates the
concepts used for these calculations. Similar calculations to characterize
the cutaneous penetration of the three dye compounds tested in this study
could not be performed due to the small amounts of penetration.

RETENTION OF RECORDS

All raw data, documentation, the protocol, amendments, and a copy of the final
report generated as a result of this study will be retained in the BRRC/UCC

Archives for at least 10 years.

RESULTS AND DISCUSSION

e e ——————rer et

Material Balance Determinations

Pig Bar Skin

Application of l4C-mannitol to female pig ear. skin resulted in 0.22% of the
applied l4C dose being recovered in media effluent samples (Table 3) after 6
hr. The largest recovery fraction for this compound was the unabsorbed dose
residue (60.0%) removed from the skin, which included a water rinse of the
skin surface. More of the dose was recovered from the skin disc after it was
combusted (3.58). A rinse of the apparatus recovered an additional 0.07% of
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the applied dose. The average recovery was 63.7 % 4.5% for the 3 pig ear skin
samples tested.

N
For JH-water, about 8.4% of the radiolabel was recovered in media effluent
samples by the end of the 6-hr measurement perio@ (Table 3). Most of the dose
was recovered as unabsorbed residue (56.8%) removed from the skin at the end

of the experiment, which includes the water rinse. An additional 0.08% was
recovered after combusting the skin samples. A rinse of the apparatus
recovered an additional 1.2% of the applied dose. An average of 66.4% of the
applied radioactivity was recovered for the 2 pig ear skin samples evaluated.

Human Abdominal Skin

Application of l4c-mannitol to female human abdominal skin resulted in 0.003%
of the applied !4C dose being recovered in effluent samples (Table 4) after 6
hr. The largest recovery tfraction for this compound was the unabsorbed dose
residue (64.9) removed from the skin, which included a water rinse of the skin
surface. More of the dose was recovered from the skin disc after it was
combusted (0.8%). A rinse of the appara-us recovered an additional 0.06% of
the applied dose. The average recovery was 65.8 + 8.6% for the 3 human

abdominal skin samples tested.

For 3H-water, about 3.1%% of the radiolabel was recovered in effluent samples
by the end of the 6-hr measurement period (Table 4). Most of the dose was
recovered as unabsorbed residue (60.3%) removed from the skin at the end of
the experiment, which includes the water rinse. An additional 0.9% was
recovered after combusting the skin samples. A rinse of the apparatus
recovered an additional 0.5% of the applied dose. An average of 64.8 + 9.1%
of the applied radioactivity was recovered for the 3 human abdominal skin

samples evaluated.

Mass balance determinations for the 3 dye compounds tested on human skin
samples were not performed.

For both the pig ear skin and human skin experiments, the mass balance was
consistently low. The reason for these low recoveries is not known, but since
an “infinite dose™ was maintained for all experiments, these low recoveries
should not affect the penetration characteristics of these test substances cr
the interpretation of the data.

Skin Penetration Characteristics

Pig Bar Skin

When l4C-mannitol was applied to pig ear skin, the lag time before skin
penetration reached a steady-state rate was calculated to be 2.77 hr. The
steady-state rate of penetration of mannitol through pig ear skin was
calculated to be 0.2 ug/cmz/h:, while the Kp value was calculated to be 0.21 x

10-3 cm/hr (Table 5).

For the JH-water applied to pig ear skin, the lag rime before skin penetration
reached a steady-state rate was calculated to be 1.75 hr. The steady—state
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rate of penetration of mannitol through pig ear skin was calculated to be 6.12
mg/cmi/hr, while the Kp value was calculated to be 6.12 x 10-3 cm/hr (Table
5).

Scott and Dick (1990) conducted a similar sti:dy that measured the penetration
of mannitol and water through full-thickness, pig ear skin. They reported Kp
values for mannitol and water penetration to be 0.679 x 10~3 cm/hr and 2.25 x
10~3 ca/hr, respectively. These values are similar to those measured in this
study and indicate that the methodology used in this study were comparable to
those used by Scott and Dick.

Human Abdominal Skin

When ‘4C-mannitol was applied to human abdominal skin, the lag time before
skin penetration reached a steady-state rate was calculated to be 3.49 hr.
The steady-state rate of penetration of mannitol through human skin was
calculated to be 0.006 wg/cm?/hr, while the Kp value was calculated to be
0.006 x 10~3 cm/hr (Table 6).

For the JH-water applied to human abdominal skin, the lag time before skin
penetration reached a steady-state rate was calculated to be 2.17 hr. The
steady-state rate of penetration of water through human skin was calculated to
be 2.43 mg/cmi/hr, while the Kp value was calculated to be 2.43 x 107? cm/hr
(Table 6).

For the l4C-DB-79 applied to human abdcminal skin, only 0.004% of the applied
dose was found in effluent samples. The lag time before skin penetration
reached a steady~state rate was calculated to be 3.38 hr. The steady-state
rate of penetration of DB-79 through human skin was calculated to be 0.0057
pug/cmi/hr (Table 7). The Kp value for the skin penetration of this dye,
however, could not be calculated because the acetone solvent was evaporated
shortly after application. Therefore, an initial concentration of DB-79 was
not available for the Kp equation (see Fig. 2).

For the BBR applied to human abdominal skin, none of the eifiuvent samplies
contained peaks with the retention time of BBR (approximately 25.5 minutes) as
measured by HPLC at a minimum detection limit of approximately 1} ng/ml.
Therefore, the skin penetration kinetics of BBR could not be calculated.

For the DB-218 applied to human abdominal skin, HPLC analysis of the effluent
samples yielded chromatography peaks having approximately the same retention
time as DB-218 (approximately 3.7 minutes) that exceeded the highest
concentration of the DB-218 standards. However, all of these effluent samples
appeared colorless. By visual examination of the DB-218 standard solutions,
all the standards vere visibly blue in color, with the exception of the 0.5
sg/ml standaxd, and differed only in intensity. The 1 ug/ml standard had a
slightly blue cast, the 5 pg/nl standard was a light blue and the 10 pg/ml
standard was a darker blue. Again, the 0.5 ug/ml standard appeated colorless.
From this, it was determined that the peaks seen by HPLC were interfering
peaks arising from the skin samples and did not represent pB-218. Therefore,
all effluent samples vere assumed to contain less than 1 pg/ml of DB-218, the
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minimum detection limit, and because of this, the skin penetration kinetics of
DB-218 could not be calculated.

CONCLUSIONS

Significantly more 3g-water can penetrate both pig ear skin and human
abdominal skin than 4C-mannitol. Similar results were found in previous
studies by Scott and Dick (1990). The difference between the permeability
(kp) of these two compounds was approximately 400-fold for human skin and 30~
fold for pig ear skin. When these results are compared between species, it
was found that the total penetration of water and mannitol after 6 hr of
exposure was 2.7-times and S55-times less, respectively, for human skin than
for pig ear skin. Similarly, both the steady-state penetration rates and
permeability constants for water and mannitol were approximately 2.5-times and
jo-times less, respectively, for human skin than for pig ear skin. These
results would suggest that pig ear skin is not a gocd animal model for human
cutaneous penetration of chemicals.

Disperse Blue 79, Reactive Blue 19 and Direct Blue 218 were also tested for
their sbility to nenetrate human abdominal skin. For Disperse Blue 79, skin
penetration was low and similar to that of mannitol, but was significantly
less than that of water. No skin penetration of Reactive Blue 19 or Direct
Blue 218 was detected above the minimum detection limit of 1 pg/ml.
Therefore, under the conditions used in this study, these results indicate
that human dermal exposure to any of these 3 dye compounds would probably not
result in a significant absorbed dose.
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TABLE 1

14cpumTTOL, JB-WATSR AND TRSEE DY2S: IW VITRO £KIN PENETRATION FOLLOWING
A SINGLE AFZLICATION T0 THEX EXCISEC SKIM OF EUMANS AXD P1G3

EPLC OPERATING PARAMETERS-EFFLUINT AMALYSES
OF REACTIVE BLUB i9

Autosamplers: Hewlett-Packard Serias 1050 Autosampler or
Waters WISE 7103

Hevlett-Packard 1050 Series Pumping Systes or
Waters 501 SBolvent Dallvery Rystems

Ficosphere Cjg, 3 um (3 cm),
Perkin Rlmer. Norwaik, CT

Column Temperature: Amblent

Mobile Phase: Solvent A: 99.06% Wstezr. 0.14% Triethylaalne
Solvent B: 94.86% Acstonitrile, 5% Wstar,
0.148 Triethylamine

Flow Rate: 1.0 al/minute

Detectors: Bewlet:x-Packard Jezies 1050

varialile Wavelaagth or Waters 484 Tunable
Abso:bance

Wavelaugth: 254 rw
Injection Velume: 100 ul

Integrators: Hewlett-Packard 3395 Integrator or Wate:xs 746
Data Module

Retention Tims {EKER): Approxisately 25.5 minuten

Bstimated tiait of Detecticms 1 pg/ml
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14000170z, JN-WATER AND THREE DYES: IN YITRO SKIN PENETRATION POLLOWING
A SINGLE APPLICATION TO THE EXCISED SKXIN OF HUMANS AND PIG3

EPLC CPERATING PARANETERS-RFFLUENT AMALYSES
OF DIRECT BLUB 210

Sevlett-Packard Series 1050 Autosampler
Hewlett-Packard 1050 Series Pumping System

lun-uk Ci1s (3.9 mm x 30 om),
Waters, Nilford, WA

Waters Mp.k Cis mxd-uk
Pre~Column Inserts

Coluss: Temperature: Ambient

Mobile Phase: 20 aM Tetrabutylammoniua Phosphate, 435%
Methanol, 33%

Plow Rate: 1.0 nl/alnute

Detector: Hevwlett-Packard Saries 1050
Variable Wavelength

Wavelength: 254

Iajection Volume: 100 ul

Integrator: Revlett-Packard 3393 Iategrator
Retention Time (U8-218): Approxisately 3.7 minutes

Batimated Liait of Detecticai 1 wg/md
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TABLE 3

14CgUIMTTOL, 3N-WATYER AND THREE DYRS: IM UIJRQ SKIN PENETRATION POLLOWING
A SINGLE APPLICATION TO THE BXCISED SXIN OF NUMANS AMD PIGS

MATERIAL BALANCE RECOVERIES FOR PIG RAR SKIN

Percent of Dose Recovered
l4c-mannitol® 3g,0°

RE£fluantse 0.22 ¢ 0.15
Unsbserbed Dose $9.98 ¢ 2.78
Apparatus Rinse 0.07 £ 0.05

$kin Combdustion 3.46 + 2.18

Total Recovery 63.73 * 4.85

8 Mgan T 1 8.D. of 3 female plg ears.
D Mean of 2 female pig ears.
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TARLE 4
14cyumTTvi,. JE-WATER AND TEREE DYES: IN VITRO SKIN PENSTRATION FOLLOWING
A STNGLE APPLICATION TO TNE EXCISED SKIN OF NUNANS AMD PIGS

mmmmmmmnn

sample Pezcent of Dose Recovered
Analysed 14c-itannitor® Iny0P

stfluents 0.003 £ 0.006 3.08 £ 0.46
Unabsotbed Dose 64.93 £ 9.63 €0.32 £ 9.24
Apparatus Rianse 0.06 % 0.09 0.53 ¢ 0.18
skin Combustiom 0.92.21.45 987 3 0,45

Total Rhecovery 65.01 £ 0.57 64.90 £ 9.06

® mean £ 1 5.D. of 3 female human abdominal skims.
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TABLE 5
14c)meTiOL, JE-WATER AND THREE DYES: 1N YITRO SKIN PENETRATION POLLOWING
A SINGLE APPLICATION T° THE EXCISED SKIM OF NUMAMS AMD PIGS

COMPARISCH OF PERMEABILITY COMSTANTS FOR PIG EAR SKIN

Permeability Steady-State Lag
Constant, kp * Penetration Rate® Cumulative Dose

(x10~3 ca/mr) (mg/ca/nr) Absorbed (%}

0.21 0.0002 0.22

& kp= t netration Ra ca?/br)s see footaote b.
Initial dose concentration (q/u’)
D penetration rate at steady state, derived fror the slope of the linear
cumulative ﬂ/az absorbed va. time.
©mean of 2 pig ears.
4 ean of 2 pig ears.

segmant of a plot of the
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14c IO, JN-NATER AYD TEREE DYRS: 1N YIZEQ SKIN PENETRATION FOLLOWING
A SINGLE APPLICATION TO THE EXCISED SXIN OF NUMANS AND PIGS

mmnwmnmmmnmmmmnn

Permsablility Steady-State Lag
Coustant, kp ® Penetration Rate® fime Crmulative Dose

(210”3 ca/br) (mg/cad/nr) (br)

Absorbed (%)

0.006 0.000006 3.49 0.004
(0.007) (0.000090) (0.52) (0.004)

2/mz)) ses footmote b.
Initial dose comcentration (mg/ca’)
D penetzation rate at steady state, derived from the slope of

cumulative mg/cm? absorbed vs. time.
Cuean (£ 1 8.D.) of 3 female human abdominal skins.

l.’.
the linear segment of a plot of the
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TABLE 7

14000MTTOL, JN-WATER AND THEREE DYRS: IM VITRO SKIN PENETRATION POLLOWING
A SINGLE APPLICATION TO TR EXCISED SKIN OF HUMANS AMD PIGS

PEMETRATION CEARACTERISTICS OF lic-D3-79 FOR FROLE ERMAM ABDONINAL SKIN

Permeability Steady—-State Lag
Constant, kp Penetration Rate® Cumunlative Dose

(x10™3 ca/br) (ug/ca/hr) Absorbed (%)

—c 0.0087 0.004

2 penetzration rate at steady state, Aerived from the slope of the linear segment of a plot of the

cumulative -g/a2 absorbed vs. time.

Dyean of 2 female human abdominpal skins.

€ rhe kp value could not be calculated b the a
application. Therefore, an initlal concentration

Xp equation (see Fig. 2).

solvent was evaporated shortly after
of DB-79 was not available for the
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MC-Mannitol, JE-Water and Three Dyes: In Vitro Skin Penetration Pollowing
a Single ’gplication to the Excised Skin of Humans and Figs

GLASS PLUG
SKIN ®
PREPARATION ~TEFLON BUSHING

INLET 7 EFFLUENT TO
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Pigure 1 Scaematic presentation of the skin penetration apparatus from
Skin Permeation Systems (Berkeley. CA) used in this investigation.
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l4c-Mannitol, 3H-Water and Three Dyes: 1In Vitro Skin Penetration Following
a Single Application to the Excised Skin of Bumans and Pigs

Steady State
Penetration Rate

Non Steady
State

Cumulative Penetration

+— Lag Time —

Penetration Rate (mg/cm?/hr)

Permeability Constant (Xp) =
(nitlal Concentration (mg/em?)

Figure 2 A typical plot of mean cumulative skin penetration of a test
or reference substance as function of time. Linear extrapolation
to determine lag time and steady-state penetration rate, and
calculation of a permeability constant (Kp) are also shown.
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14C-Mannitol, 3E-Water and Three Dyes: In Vitro Skin Penstration Pollowing
a Single Application to the Excised Skin of Humans and Pigs
Protocol and Protocol Amendments
(22 Pages)
The Material Safety Data Sheet (Attachment 2)
that was included in the protocol has been removed due to
illegibility as a result of being reproduced for the report.
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14c-Mannitol, M-Water and Three Dyes: Species Comparisons of
In Vitro Skin Penetration Following a Single Application to the
Bxcised Bkin of Bumans and Pigs

BEXRC PROJECT WUMBER: 92M1.108
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OBJECTIVE

This study is designed to determine the time-course of cutansous penetration
and the recovery of radioactivity in effluent medium following application of
14Cepannitol, ’E-water and iC-labeled C. I. Disperse Bluc 79:1 (DB79), to the
excised skin of humans, in compariscn with pig ear skin preparatioms. Also,
this study will produce results which will compare/validate methodology for
pig and human skin from other laboratories by generating permeability
constants for M-labeled water and 14C-labeled mannitol. The initial phase
will also evaluate 34C-labeled DB79 on human skin, using E-labeled water and
14C-1abeled mannitol as positive controls (cf. Attachment 1). Finally, the
objective of this research project will be to compare these evaluations with 2
additional unlabeled dyes of interest to the members of the United States
Operating Committee (USOC) of ETAD.

Design and Basis for the study

This study will consist of the evaluation of skin penetration for 2 standard
chemicals and 3 dye compounds using human breast skin and pig ear skin.

The portions of this study conducted at BRRC will be conducted in the spirit
of the following guidelines and standards, but no formal quality assurance
will be conducted:

U.8. Environmental Protection Agency (EPA), Toxic Substances Control Act
(TSCA) Good Laboratory Practice Standards, 40 CFR Part 792.

L.
P.
w.
D.
Jo

Biochemical Toxicology

B.
A.
A.

Clinical Veter! arian .

Beskitt, A.8./MLT(ASCP)
Pialkovich, B.8.
Prants, Ph.D., DABT
Sun, Ph.D.

Tallant, B.8.

Thomas, B.8.
Vebanic, B.A.
Sourelias, A.S.

Powler, DVN, Ph.D., Diplomate ACVP

All personnel who participate in the conduct of the study will de documented

in the rawv data.

PROJECT DATES

tarting Dat limati

gtarting Date of Test gubstance Administration

Proposed Date_for submission of the Draft Final Report

To be added by
anendment .

T0 be added by
anendment .

To be added dy
amendment, based on
probe studies.

Page 25 of 44




Test Substance
Caemical Names

CAS Registry Wumbers

Source

sponscr
Identification
Wumbers

BERRC SWumbers

Desc: .ption

Purity

Stadbility of
Test Substance

Reference or
Lot Bumbers

Radiochemical
Test Substance

Molecular
Porsula and
Weight

Solubility in
Water

gtorage
Conditions

Quantity

Reserve Sample

BRRC Report $2N1108

Appendix 1
Page 4

BRRC Prciect 92K1l08
Page 3

Mannitol, Water and C. I. Disperse Blue 79:1 (DB79)

Mannitol - 69-65-8; water - 7732-18~5; and DB79 -
3818-72-2

To be added by amendment.

supplied by the Sponsor and added by amendment.
added by amendmesnt.
20 be added by asendment.

To be added by amendment.

To be supplied by the Sponsor and added py amendment.

To be added by amendment.

14C-labeled mannitol and DB79, and 3H;0 will be
obtained from a commercial suppiier. The specific
activity and radiochemical purity will be targeted fer
approximately 15 aCi/mmol and >97%, resepectively.
Chromatographic documentation of the purity and
identity of the 14C-labeled test substance will be
provided. Confirmation of radiochemical purity will
bhe dnne at BRRC only at the Spoasor's request and at
addition=l cost.

20 be added by amendment.

o be added by amendment.

The test substance will be stored in the most
appropriate manner to snsure stability.

1.0 ol of }C-radiolabeled test substance.

A reserve sample will not be retained urlece requested
by the Sponsor.
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A Materisl Safety Data Sheet (MSDS) for DB79 supplied
by the Sponsor will be zeviewed by all personnel prior
to the initiation of the study (Attachment 2). This
zeview will be documented. WNormal precautions for
untested substances will be used. These procedures
include the use of disposable Tyvek® cr plastic coats
or juspsuits, hats, booties or shoe covers, and PVC
gloves while in the animal rooms. Sye protection will
include the use of safety glasses at all times.
Disposable Tyvek® coats or smocks and PVC~coated
gloves will be worn during use of the test substance.
In addition, monogoggles will be used when handl ing
the test substance.

Test Animals
Species and Strain Pigs

Supplier Local slaughterhouse.

Rumber
and Sex At least 3 females.

Pig Skin Samples Pig ear skin will be obtained ¢:on a local
slaughterhouse. The specimens vill De prepared froma
the outer ear and saintained ia minisum essential
sedium (MEM/d-Valine)® upon resoval until skin discs
can be prepared and placed ia :he chamber.

Buman Skin Samples Preshiy-obtained samples of human skin will be
obtained from mammoplasty patients in the University
of Pitteburgh Hospital systes in collaboration with
the Division of Plastic and Reconstructive Surgery,
School of Nedicine. This cooperative arrangement has
been approved by the University's Institutional Review
Board for Biomedical Ressarcn ané both inlforssd
consent and a full demographic profile will be
obtained from each patient prior to ramoval of the
skin specimen. The specimens wili be msaintained in
ainisum essential medium (MEM/&-Valine)* upon removal
uptil skin discs can be prepared and placed in the
chamber.

Preparation piscs of skin will be prepared by a nodification of
of Skin the method described by Kao st gi. (1983) for full-
thickness excised skin preparation. Pig ears will be
obtained from a local slaughterhouse. The outer ear
region will be cleaned with vater, carefully shaven
and the skin removed by dissection. For processirg of
animal skin; a piece of clipped skin (approximately 6

*Bagle's medium with Barle's salts (Bagle, B. (1939) Science, 130, 432) and 23
uM EEPES buffer (Gibco):r with pontcllltn/ntupto-ycin as antimicrobiai agents.
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x 6 cm) will be removed and placed in a petri d.sn
containing MEM to keap it moist: human skin will be
received in MEM from the hospital and processed
similarly ¢o anima) skin. The skin piece will bde
piaced on a dissecting board and scraped wvith a
spatuia to remove fat and coanective tissue. Twec 1-
inch discs from the animal skin piece and six l-inch
discs from human skin specimens will be resoved and
vlaced in a petri dish with several drops of MEM to
keep moist before placing in the chamber.

Administration of Test Subscance

Application
of Dose

Study Design

vitro Methodology

The radjolabeied test chemicals will be applied in an
amount sufficient to produce & target radirmactivity
level of at least 5-10 4Ci/skin preparation; the
actual concentration applied, in mg/cm? of skin
surface, will be documented in the study recorde and
final report. Dosing solutions will be analyzed only
by quantification ¢f radiocactivity by liquid
scintillation spectrometry.

The fcllowing methodology will be used to conduct ths
experiments defined in the study design summaxy tabie
contaired in Attachment 1 to this protocol.

The technigue uses is a modification of the methods
ané skia chasbar dascribed by Bolland et al. (1384)
vhich bas been verified by Prantz et al. (1991a) and
successfully used on previcus strdies {(Prantz et al.,
1991b; Tallant et al., 1990). The skin specimens will
be placad into the chamdber and the derasl 2uiface of
the skin preparations will be perfused with MEM for
organ culture as described by Xsn &t al. (1983) at an
ara>roximate flow rate of 2.5 m./hr for at least 30

8. .tes prior to appliicition o: test substance. Test
5. .tances will be¢ applied in 2z minisal volume of an
ap;ropriate vehicle to the exposed epidermal surfzce
(2.0 cm?) of each skin disc through the openings in
the upper plate of the chamber. These experiments
will be conducted for approximately 6 hr in order to
demonstzats cteady-state penetration rates. Nedia
effluent will be voided directly into empty
scintillation vials and liquid scintillation cocktail
will be added to the effluent. These sampies will
then ba counted for 34C aictivity in a liquid
scintiilation spectrometer. The amcunt of tast
substance which penctrates will be presanted as
cumulative parcent absorbzd radicactivity determined
from the sum of counts found in the effluent media
divided by the mesn do#ing solution counts. The
penstration rate will be computed ky normalizing
{faterval radiocactivity values to an hourly rate sad
plotting these values at the sndpoint of the
seasuramant interval.
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Balance Determination Upon termination of the experiment, the skin pieces
will be removed from the chamber and placed in a petri

dish for further removal of the remaining dose; any
unabsorbed dose vwill be removed (typically, using
water-wetted, cotton svabs) from the skin and placed
in a scintillation vial. The samples will be
radiocassayed by liquiad scintillation spectrometry for
jaclusion in the calculation of total balance. The
skin samples will be stored frozea until analyzed
(typically, combusted directly in a biological
oxidizer or pulverized at liquid W; temperatures in a
freezermill).

Apalytical Chenistry Information on the composition and solubilities of the
test substance vill be provided by the Spomsor.
Development of an analytical method for the specitic
characterization/identification of the chemical which
penetzates into effluen: media may be provided (at an
sdditional cost to the Sponsor). Detailed description
of the methods employed will be appended to the £inal
report. Phase II develcpment of analytical methods
(cf. Attachment 1) will be completed before Phase III
testing begins.

Data Processing The amount of test substance which penetrates skin
will be presented as cumulative percent absorbed
radioactivity and will be dctermined from the sum of
counts found in the effluent media divided by the
counts determined for the amount of dosing solution
applied to each skin preparation. The psevdo steady-
state penstration rate will be determined from
interval radioactivity values, which will be
calculated as the cumulative mg/cm? absorbed, and an
bourly rate will be taken from the linear segment of
the curve atter plotting these values versus time
(data plotted at the endpoint of the seasurement
interval). Permeability constants (kp) for each
chemical will be calculated using the following
forsula as described by Bronaugh st al. (1982):

Steady State Abeorptien Bate (ng/aa?/Ar)
Isitisl Dose Comceatzatica (mg/am’)

%p (1a @A)

Additional calculations of the projecied amount of
each chemical which would penetrate the preparations
of skin at contact times beyond the é-hr determination
will be calculated using linear regression (corrected
for surface area of absorption) to derive the asount
absorbed (percent of dcse) at the projected interval.

ALTERATION ¢

Alterations to this protocol may be made as the study progresses. WNo changes
in the protocol will be sade without the specific written request or coasent
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of the Sponsor. In the evert that the Sponsor authorizes a protecol change
wverbally, such change will be honored. However, it than becomes the
responsibility of the Sponsor to follow such verbal change with a written
verification. BRRC reserves the right to revise the protoucl or deviate
therefrom solely at the discretion of the $tudy Director if prior approval of
the Sponsor cannot be cbtained and the integrity of the study is considered ir
jecpardy. 1In this event, the Sponsor shall be notified of the alteration as
soon as possible, ard written verilication of the change will be the
responsibility of the Study Dizector. All protocol modifications will be
signed by the Study Director and a representative of the Sponsor.

RECORDS

All records pertaining to this study will be retained by 3IRRC for at least 10
years after completion of the study.

Prior to discarding any of the sbove data or materials, tre Sponsor will be
contacted and given the option of cbtaining it or arranging for continued
storage. All records and materials mentioned above will remain the sole
property of the Sponsor and can be removed from BRRC at the Sponsor's
discretion.

DISPCSAL OF RADICACTIVZ SAMPLES

Radicactive sample disposal will be conducted by methods which follow

laboratory SOPs upon completion of the final report. The Sponsor will be

notified prior to disposal of the samples.
REPORTS

Dratt Report

A draft of the report will be submitted to the Spuanor approximately 3 months
after compleiion of the final experiment. Thie report vill be a comprzhensive
report which will include all information necessary to provide a complete and
accurate description and evaluation of the test procedures and results. It
will include: a susmary: appropriate text discussions of the expericental
design, materials and methods and results; Summary tables of mean radiocactive
recoveries; and graphic representation of skin penetration. Three copies of
the draft report will be provided to the Sponsor.

Pinal Report

whe draft report vill be reviewed by the Sponsor, al.. Comments on the report
will be provided to BRKC within 8 weeks from the date of subamission of the
draft version. BRRC will consider these comments in preparing the final
report. Assuming the Sponsor‘s comments are received at the specified time
and no major revisions are required, BRRC will subait & final zeport within 12

weeks of isscance of the draft report.

®*ne final report will be written in manuscript form, with the expressed
intention of cukaitting it for publication in a peer~reviewed journsl. The
sponscr shall have a full opportunity to reviev the dzaft sanuscript prior to
its submission to journal approved of by the Sponsor.
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Stedy Design for Ip ¥i%g. *kis Pesetrzatios Compariscn of Excised Pig and Bumes Ski: Sasples

saabers of Buman &

—Enerisent _Pig Sxip Samples — . DPescziptice

Definitive Pig Skia 3 temale pigs, 2 Degiaitive study with iéc-
Iavestigatioa preparations/pig manaitol asd tar.

Svaluation of }4c-r879 plus

rirs: "amen 6 skin
14c-gannizol and Im-water.

Skin Sasple preparaticss per
buman sasple

svaluati-= of 14c-p879 plus

¢ skin
luo-mannito. and Jm-atar.

preparations per
busan sasple

Svalustion of *dc-ta7s plus

¢ skia
34oyannitol and JsMater.

preparatios . pe:
husan sasmple

s il

WPLC Validatios Wozk - Met ods for 2 4ye torsulat!ons to be conducted in Phass IIX.

masbers of Rusun

—Sxin famoies —Degciiption
¢ skin Svelcation of 2 dye ' formu-
preparations per latiocns & }dc-mannitel std.

human sampls
6 skin Svaluation of 2 &ye * formu-

preparaticas per lations & léc-mannitel etd.
Suman sasnle

& preparatioas Svalustion of 2 dye * formu-
per skia buman 1ations s lic-uamuitol sed.

sample

¢ specitic Sye casdidates to be selected Dy the Spomscr and sssumas avallable EFIC methbod for
asalysis of effiseat &ye comcentzations.

tullowing comsuititios wizh the Spoasor regardisg tbe results

Bote: This design say be soditied
Suck modificatioms will bs formally amsnded to the study

of the RPIC validation woIi.
protocold .

WOCERMPROTOCOLETAD PG
Sapamper 11, 1082
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Sheet (Attachsent 2; Pages 10-13)
protocol has been removed due to
£ being reproduced for the report.

The Material Safety Data
that was included in the

illegibility as a result O
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The protocol is amended as follows:

Iten l

Location of
Protocol Change Page 1, Revieved and Approved by

Description of James D. Sun replaces Stephen W. Frantz as the Study
protocol Change Director.

Rationale Stephen W. Frantz is no longer employed at BRRC.

Item 2

Location of
Protocol Change Page 4, Numan Skin Sanples

Description of Samples of human fesale sbdominal skin will be
Protocol Change obtained from post sortes donors through the

International Iastitute for the Advancement of
Medicine (IIAM, Exton, PA). In obtaining the IIAM
tissues, & patisat histozy with cause of death will be
supplied. It will also be specified that the tissues
aust be fresh with regard to setabolic capacity. The
specimens will be aaintained in minimua essential
medium (0M/d-Valine)* upod receipt until ekin discs
can be prepared and placed in the chamber.

A more consistent and reliadble supply of human skin
can be obtained from this source than is curreantly
available from plastic surgery sources.

*Eagle's medium with Barle's ealts (Bagle, H. (1959) Science, 130, 432) and 25
sM NEPES buffer (Gibco)} witn ﬁaieu::.-.,’a:epeeege&a (100 ul of 5,000 units
per 0.5 liter) added as antimicrodbial agents.
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The protocol is amended as follows:
Item 1

Location of
protocol Change Page 1, Title

Description of l4c-yannitol, JM-Water and Three Dyes: In Vitro Skin
Protocol Change Penetration Following a Single Application to the
Excised Skin of Bumans and Pigs

Rationale The title wvas changed to reflect changes to the study
design which were requested by the Sponcor.

Item 2

Location of
Protocol Change Page 1, Testing Pacility

Description of The address for the testing facility has been changed
Protocol Change to the following:

Sushy Run Research Center (BRRC)
Union Carbide Corporation

€702 Mellon Road

Export, PA 15632-8902

The corporate nase vas changed fros Unjon Cardbide
Cheaicals and Plastics Company Inc. to Union Carbide
Corporation.

Item 3

Location of
Protocol Change Page 2, Objective

Description of This study is designed to deternine the in yitro skin
Protocol Change penetration of }¢C-manritol and g-vater and 3 dye
coupounds in excised piy ear and human ekin
preparations. Initial studies will involve the
spplication ot 1C-mannitol and Jg-water to excised
pig ear skia preparations utilising a flow=through
in yitro skin penetration technique. Following this
- rmination, an in vitzo skin penetration study will
be conducted] using the same flow=-through technique,
for three dye compounds. The time course of cutaneous ‘ ’n.‘
penetration in effluent sedium after single Rald
applications of 14C-C. I. Disperse Blue 79:1 (DB-79),
sactive Biue 19, .::‘thpomlluc 218 will be
deterained. Additi 1y, the percent of any ™
radioactive doses applied will also be deteramined.
A liy
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Rationale

Iten &

Location of
Protocol Change

Description of
Protocol Change

Raticoale

Item S

Location of
Protocol Change

Description of
Protocol Change

Rationale

Iten 6

Location of
P:utocol Change

Description of
Protncol Change

Rationale

Item 7

Location of
Protocol Change

Description of
Protocol Change

BRRC Report 92N1108

Appendix 1
Page 16
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Protocol Amendment 2
Page 3

The objective was changed to reflect changes to the
study design which were requested by the Sponsor.

Page 3, Test Substances, Chemical Names

Reactive Blue 19 and Direct Blue 218

This information wvas not available at the time that
the protocol was issved.

Page 3, Test Substances, CAS Registry Kumbers

Reactive Blue 19 - CAS Wumber 2580-78-1
Direct Blue 218 - CAS Mumber 10401-50-0

This information was not available at the time that
the protocol was issued.

Page 3, Test Substances, Souzce

Reactive Blue 19 - Hoechst Celanese, Coventry, RI
Direct Blue 218 - Fabricolor, Paterson, HJ
DB-79 - Sandcz Chemicals, Charlotte, WC

Radiolabeled DB-79 - NEN Research Products, Boston, MA

14c-Mannitol - Sigma Chemical Company, 8St. Louis, MO
M-Water - NEN Research Products. Boston, MA

This information was not available at the time that
the protocol was issued.

Page 3, Test Substances, Sponsor Identification
Numbers

Reactive Blue 19 - Reference Number 14068M-127Dh
Direct Blue 218 ~ Lot Wumber 162

DB-79 - Lot Wumber KA0QOS

Radioclabeled DB~79 - Lot Numbey 2729-035
léc-pannitol ~ Lot Mumber 043E9216

3g~¥ater - Lot Wumber 2870-041
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Iten 3

Location of
Protocol Change

Description of
Protocol Change

Rationale

Item 9

Location of
protocol Change

Description of
protocol Change

Ratiomale

Iten 10

Location of
protocol Change

Description of
Protocol Change

BRRC Report 92N1108

Appendix 1
Page 17
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Protocol Amendment 2
Page 4

This information was not available at the time that
the protocol was issued.

Page 3, Test Substances, BRRC Bumbers

feactive Blue 19 - 56-400
Dirzect Blue 218 - 56-451
pB-79 - $3-010
Radiolabeles DB-79 - $3-19)
14c-pMannitol - 57-107
n-water - 55-150

This inforaation was not available at the time that
the protocol vas issued.

Page ), Test Substances, pescription

Reactive Blue 19 ~ black powder
Dizect Blue 218 - black powder
DB-79 - dark green povder
Radioclabeled DB-79 - blue solution
34c-Mannitol - clear liquid
Sp-water - clear liquid

This information was not available at the time that
the protocol was issued.

Page 3, Test Substances, Purity

Reactive Blue 13 - 76.7%

pirect Blue 218 - 80 to 908 dye with the bulk of the
remainder being inorganic salts

pe-79 - 98.6%

Radiclabeled DB-79 - to be determined at BRRC; results
will be included in the rav data and fimal report.

1ic-pannitol -~ 98.0%

g-water ~ 9N

This information was not available at the time that
the protocol was jesued. The purity of the Direct
Blue 210 was to be supplied by the Sponsor, but this
information vas unavailable.
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Item 11

Location of
Protocol Change Page 3, Test Substances, Reference or Lot Numbers

Description of
Protocol Change Not applicadble

Rationale This information is included in the Sponsor
ITdentification Numbers section; therefore, it is not
applicable.

Item 12

Location of
Protocol Change Page 3, Test Substances, Solubility in Water

Description of Reactive Blue 19, not available
Protocol Change Direct Blue 218, 30 g/L
DB-79, insoluble

Rationals This inforsation was not available at the time that
the protocol was issued. Although no specific numbers
were provided, it was determined that the solubility
of Reactive Blue 19 in water is sufficient for the
proposed study. DB-79 wae determined to be insoluble
in water at BRRC. The concentration ranges will be
stated in the rav data and included in the final
report.

Item 13

Location of
Protocol Change Page 4, Human Skin Samples

Descripiion of ®he rawnles of human female skin will be sai. :ained in
Protocol Change 0.9% saline upon receipt until ekin discs can be
prepared and placed in the chamber.

Rationale Due to interfering peaks caused by the minimum
sssential medium (MEM) observed in the snalytical
method for Direct Blue 218, the effluent medium wvas
changed from MEN to 0.9% saline.

Item 14

tocation of
Frotocol Change Page 5. Preparation ox Skin

Description of The l-inch discs of human female skin will be placed
2zotocol Change in a petri dish with several 4&rops of 0.90 saline to
keep mcist before placing in the chamber.
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Ratiionale the effluent medium was changed from MEM to 0.9%
saline for husan skin.

Item 15

Location of
Protocol Change Page S, Study Design, Attachment 1

Description of
Protocol Change See Attachment 1.

Rationale The study design was changed at the request of the
sponsor. The origimal design called for ¢ human skin
donors; the revised design can be done ueing 3 husan
skin donors.

Item 16

Location of Page 5, AMdministration of Test Substance, In Vitro
Protocol Change Methodology

Description of The technigue used is a modification of the methods
Protocol Change described by Holland et al. (1984). The flow-through

eystea consists of € individual wells in a chamber
constructed primarily of transpareat acrylic. 1Inlet
and outlet ports allow for a continuous tlow of
effluent medium, which is continucusly mized by a
sechanically-stirred, Teflon®-coated magnetic stir
bar. The skin samples are held in place using an
acrylic upper-plate, with a 1poenny-doum¢
Teflon®/0-zing housing for each of the wells. The
skin specimens will be placed into the chanber and the
fasteners simultaneously secured. For the pig ear
experiments, NEM will be used as effluent medium. and
saline will be used for human skin experiments. The
dermal suzface of the skin preparations will be bathed
with effluent at an approximate flow rate of 2.5 ml/hr
for at least 30 minutes prior % appiicatiss of test
substance. Temperature control will be provided by
seans of & manifold which runs the length of the
chasber underside and is bathed continucusly from a
circulating water bath uaintained at approximaiely
37°C. Test substances will be applied to the exposed
epidermal surface (1.8 ca?) of each skin disc through
the opening in the upper plate of the chamber. Nedia
eftluents will be voided directly into empty
scintillation vials using a fraction collector, and an
aliquot of the efflus:t will be analyszed.

This information vas not available at the time that
the protocol was iesued.
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Item 17

Location of
Protocol Change

Description of
Protocol Change

Item 18

Location of
Protocol Change

Description of
Protocol Change
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Page 6, Data Analycir {(Previously Analytical
Chemistry)

To detersine the amount of 14C-mannitol and JE-wvater
that penetrated each skin preparation, an aliquot of
each sffluentwill be dissolved into liquid
scintillation cocktail. These samples will then be
count¢ ;. for 14C-activity in a liquid scintillation
spectrometer (%.8S).

To detersine the amount of DB-7%, Reactiive Blue 19,
and Direct Blue 218 that penetrated each skin
preparation, an aliquot of each effluent will de
analyzed by high performance .igquid chromatography
{HPLC). The analytical conditicns will be optimized
for adequate detection, resolution, and identification
of each analyte. The analytical technigques for
determining the concentration of each in effluent
samples vwill be described in the raw data, and
{nciuded in the final report. Any unexpected
interferences in the matrix requiring additional
sethods development and/or reansiysis will be
performed at additional cost to the Sponsor.

Originally, all radiolabeled substances were to de
analyzed by LS8S. However, due to the known impurity
of DB-79, affluents from the DB-79 will be analyzed
using a msethod employing HPLC.

Page 5, Data Processing, 14C-Mannitol and "E-Water

The amounts of 14C-mannitol and ’H-water which

absorbed radiocactivity and will be determined from the
sua of counts found in the effluent media divided by
the counts determired for the sacunt of dosing
solution applied to esach skin preparation. The
steady-state penetration rate will be determined from
interval radioactivity values, calcuiated as the
cumulative mg/ca? absorbed, and an hourly rate will be
taken from the linear segment of the curve after
plotting these values versu- time.

The amounts of DB-79, Reactive Blue 19, and Direct
Blue 218 which penetrate the skin will be presented ac
amouut of test substance par dose srea {ag/cml) per
interval, and cumulative mo/cm?. The steady-state
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penstration rate will be calculated as the cumulative
ag/ce® absorbed/hr, and an hourly rate will be taken
from the linear segment of the curve after plotting
these values versus time.

Permeability constants (kp) for each test substance
will be calculated using the following formula

(Bronaugh et al., 1982):
Steedy State Absorpiis Rate (mg/ca/nr)

kp (is am/ar)
Iaitisl Dose Comcestratios (ng/ca?)

Additional calculations of the projected amount that
would penetrate the skin preparation at contact tises
beyond the 6-hour determination will be calculated
ueing linear regression and corrected for surface area
of absorption to derive the amount absorbed at the

projected time point.

This information was not available at the time that
the protocol was issued.

Rationale

.:m“’hc R. L., Stewart, R. } 9 m’m. B. R., and Giles, A. L. (1,.2)-
Methods for in vitro percutanecus absorption studies. I. Comparison with in

vivo results. Tozicol. Appl. Phara. €2, 474-480.

Rolland, J. N., Kso, J. Y., &nd Shitakes, M. 2. {1884). A multi-samnle
apparatus for kinetic evaluation of skin penetration
of variability and setabolic status of the skin. foxicol. Appl. Pharsacol.

72, 272-280.
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Attachasat 1

Study Design for Ip Yitzo SRis Pemstratice Coamparison of Excised Pig and Ramar Sxin Samples

hase 1

Busber of Eoman §
BXperisent Plg Sxis Samples Description

1. Definitive Pig SEin 3 temale pigs, 2 Dafinitive study wisth éc-
Izsvestigation Pprepacations/pig Mana'tol amd tex.

Thase I3

E7LC Validation Wozk - Methods for 2 dye formulations to be conducted in Phase IIF.

Thase III

Bumber of Euman
Skin Samples Desci iption

¢ skin wvaiostion of DB-79, Rsactive
pseparstions per Klue 19, and Direct .ilae 118
buman sasple 4ye formnlatioas

é skin Bvaluation of DB-79, Reactive
preporations per Rlue 19, and Direct Rine 210
buman sample aye formulatiocns

€ skin Evalvation of DB-79, Reactive
Preparations per Blue 1f, ar- “irsct Bloe 218
human sswpls dyre formuls W

Bote: Is Phase III experiments, cll dye formulations and the ldcomannitol standard and dm-wmacar
will be dome in duplicate.
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