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Neurotoxicity Study

Teratogenicity Studies - Rats/Rabbits
Two Generation Study - Rats
Pharmacokinetics/Skin Absorption
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[o . Discussion Pojnts"

The benzene literature is largely irrelevant for understanding the blological and
biochemical consequences of HQ exposure.

HQ is not an inducer or promotor of skin carcinogenesis,

The kidney tumors seen following HQ ingestion are associated with renal toxidty and
chronic progressive nephrapathy.

Mononuclear cell leukemia in female F-344 rats is not a reproducible effect indicative
of carcinogenicity.

The incidence of benign hepatocellular tumors in B6C3F, mice Is questionable
evidence of carcinogenicity.

Clastogenlicity studies with HQ are not relevant to predicting animal or human
tumorigenicity.
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Metabolism plays an important role In understanding the biologic consequences of
HQ exposure,

The rate of HQ percutaneous absorption is relatlvely slow. Consequently, toxicity
from dermal exposure is unlikely to occur.

Additional research to address the issues raised by the NTP results is uf .
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Kinetics of Oral Hydroquinone (275 mg)
in a Male Volunteer

HQ Concentration in Blood (ng/ml)
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i CJRAHEA, Swiss Mice. s/ Initiator .

50 50

Initiator: None 5ug Benzo[a]pyrene 150ug Benzo[a]pyrene
3x/week 1x/2wk prior to HQ
Vehicle: Acetone Acetone Acetone
HQ Dose Levels: 5mg Smg S5mg
HQ Dose Freq.:  3x/week 3x/week 3x/week
Study Length: 52 52 58
(weeks)
Results: No tumors HQ Weak Inhibitor HQ Weak Inhibitor
3 SQ Cell-HQ/BaP
10 SQ Celi-BaP

Data from: VanDuuren and Goldschmidt {1976)
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g;xear Bioassay (Oral Routes) - 1 " H() Twpo~Year Bioassay (Oral Routes) - 2 3
Carlson and Shibata ¢f al.
| Carlson and Shibata ef al
Species: | S-D Rats F344 Rats/ F344 Rats/ nma’sfzx NTP (1989) sy
B6C3F, Mice  B6C3F, Mice Rats
No/Sex/Grp: 46-53' 58 30 Kidney Toxicity None ' Males/Females Males/Females
. Kidney Adenomas None ' Males Males
Route; | ! loolioﬂzg, 1()){3& Gavage 0.8% HQ Diet Mx:mnuclear Cell None Females None
Dose Levels: Rats ~ 80-800 28 & 50 ~ 360
(mg/kg/day) Mice 50 & 100 ~ 1300
{ e sz 7 5 7
- \day/week) Kidney Hyperplasia f None Males
‘ Kidney Adenomas None Males (NS)
(S“v‘;‘e’{s) : Rats 104 109 14 Liver Adenomas . Males (NS)! Males
Mice Liver Adenomas ' Females None
' The 0.25% Group was 16-23 rats/sex/grp. Some rats were used for interim studies. ¥
included HQ (10 ratsisexigtpy; HQ + 0.1% citrle scid (162 rsiexigry)
and HQ mixed in lard and heated to 1 for 30 min (16-23 rats/sex/grp). ! Not significant when combined with carcinomas.
. — S— 11
10 Ml FRats' withi Tndicated Severity of Nephropathy e
he NTP Two-Year Gavage Study of Hydroquinone Shibata ef al.
. —100
Severity Control 28 mglkg S0 mglkg No./sex/grp.: 10 10 58 3
t
. Route: Gavage In Gavage in Gavage in 0.8% HQ
No. of rats examined | 55 5 5 corn oll water water In diet
Dose Leveh): 252,030,«1):0. 25, % 25, 50 ~ 360
(mg/kg/day, 3
No nephropathy 2 3 0 Dose Freq.: 5 s 5 7
Minimal 3 1 3 (days/week)
Mild 12 12 (1) s Study Length: $ k3 65 103 104
M 2 LA 150 ;“dn )welght ND Inc. % BWT  Inc. % BWT Inc. Abs, &
ey s 2 . Abs,
, Inc. % BWT-F
_Total No. Adenomas ) “ ® Urinalysls: ND ND ND ND
Hlstopatholog)y: 209, mglhl;g: Il;co. Severity lns(‘:,. Severi !n:d Severity
(ne, athy) 710 mg/kg: mg/kg: : 14/30
"Historlcal Control Incidence Range 0-6% wiirop G/IOF 6/10 M 20/58 M F: 7/30
: 100 mg/kg: 28 mg/kg: (minimal)
UI0F SI5M
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12 gaal Toxicity. +:5-D and Carworth Rats . Kk 13
Topping etal,  Carlson and Christian Christian
Brewer (1953)

. $al (98 oal 096 Shibata ef dl.
Straln: SD SD Carworth  Carwarth NIP(199) NIP(19%9 NIP(%9 __(1%D
NoJsexigrps 10 46-53! 6 » No./sex/grp.s 0 10 s 30
Route: Gayage in water  0.1,0.25,0.5, 25,5 10gLin 1,2, 4

1.0% HQ Diets "t oL inz' I‘ﬂ‘ Route: G;:‘ponh Gavage In Gavege In Oﬂﬁd‘lei‘Q
Dose Levels: 20, 64, 200 ~ 80-800 230 - 810 110- 430
tnghgidey) . - Dose Levels: 25, 50, 100, 50, 100 50, 100 - 1300
m Freq.: ! 5 7 7 7 (mg/kg/day) 200, 400 ';
dapsiweek) Dose Freq.: 5 5 5 7 2
(bmdy gangth: o 13 104 8 15 (days/week)
: ]
(weeks, Study Length 13 ¢
{ “ney welght: . No effect ND Inc. @ 5and 10 Inc. Rel. Wt, 1, M;‘.".) ‘ © 18 % 3
| oL (12':/1‘. f,’};s, Kidney weight: ND Inc. % BWT  No effect Inc. % BWT
’ 50 and 100 Females only
Urinalysls: ND ND ND ND mg/kg F
~ Histopathology: N effect No effect No effect No effect Urinalysis: ND ND ND ND
T"The 0.25% Group was 16:03 rata/se/grp. Soms rats were used for Interim studies, Exposures P Histopathology:  No affact No ffect e o A
Included HQ (10 rata/sex/grp)s BQ + 0.1% citric acld (16-23 rats/sex/grp); and HQ mixed in lard and 9730 males
heated to 150°C for 30 min (16-23 rats/sex/grp).
14 G Renal Toxicity - Mixed-Breed Dogs 15
No./Dogs/Grp.: 1 2 5 males
i Subjects: 2 males 17 males/females
‘Route: Oral Tablet Oral Tablet Oral Tablet
: o Route:
{*"uose Levels: 16 1.6 and 40 100 ou 3 d;v;g:lm Sams
(mg/kg/day) with meal
L3 7 7
mw 7 Dose Levels: 500 300
| 80 1.6 mg/kg for 31 wks 26 (ug/den)
Study Length: 6 m or
(weg{s) +40 mg/kg for 49 wks Dose Freq.: 7 7
Kidney Weight: ND ND ND (days/iweeld
Urinalysis: No effect No effect No effect ey ogth 2 1220
" Histopathology: No effect No effect No effect Urinalysis: No effect No effect
* Data from Carlson and Brewer, 1953
‘ Data from Carlson and Brewer, 1953
A N
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| Proposed Interaction Between
' CPN-induced and HQ-induced
* Cell Hyperplasia in the Male F-344 Rat

| Male Rat F-344

L Kidney Cell

P / \

| 'No HQ Metabolite

| HQ Exposure Exposure
"Normal" Chronic Toxic

|  Aging Effects

' Chronic Cell Toxicity
Progressive and

¢ Nephropathy Degeneration

Regeneration Regeneration

Cell Proliferation Cell Proliferation

Repair Repair

Hyperplasia Hyperplasia

Hydroquinone Exposure Does Not Result
In Kidney Toxicity or Adenomas In

AN

Adenoma

v
{

Sunilar interactions are not expected to occur
in female F-344 rats, SD rats, or other species.

Male Sprague-Dawley Rats
. Male Sprague-
Dawley Rat
Kidney Cell
No HQ Metabolite
HQ Exposure Exposure
*Normal" No /Toxic
Aging Effects
Chronic No Cell
Progressive .
Nephropathy Degeneration
| }
Regeneration
Cell Proliferation No Cell
Repair . Proliferation
Hyperplasia

AN

/

No Adenomas
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HMT?M NTP Bioassay (1989) Shibata ¢f al. (1991)
Conteclt | Omg/kg |25 mg/kg | SOmghg | Omgikg | 360 mg/hg

No. Tumors 7512992 9/58 15/55¢ 22/55¢ ) 6/30 8/30

{;?dem %518 | 16 27 4 20 26

! NTP Water Gavaged Female F344 Rats

3 No. Tumors/No. Animals

* Mean + SD

. StathﬂcnllySWt Trend
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¢ Incidence in HQ treated rats was within historical control limits,
¢ Only the 50 mg/kg group was statistically significant.
¢ 15 month NTP animals had no leukemias.

* Male F344 rats and B6C3F, mice (M and F) in NTP study did
not differ from control in leukemia incidence.

® Mononuclear cell leukemia in female F344 is increasing in NTP
studies.

¢ Shibata et al. results did not support NTP results.

SRt L e R T ™ N
20 P Hepatocelluiar Adenomas in B6C3F, Mice - 1
' - NTP NTP Bloassay (1989) Shibata et al. (1991)
Historical
Control' | 0me/ke | S50 mg/kg | 100 mg/kg | 0 mg/kg ~1300
mg/kg
Females
No. Tumors | 22/348* 2/58 15/55* 12/58* 0 130
Incidence 65 4 27 2 0 3
(%) 2
Males
No. Tumtors | 54/347 9/55 21554 | 20/55% 6127 14730
Incidence 1644 16 39 36 2 4
(%) ‘

NTP Water Gavaged B6C3F, Mice

Mean + SD

1
! No. Tumors/No, Animals
R )

4 Statistically Significant for Adenomas

* Statistically Significant Negative Trend for Carcinomas
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¢ NTP and Shibata et al. results are inconsistent.
¢ B6C3F; hepatic carcinomas were not increased.
¢ Rats did not show corresponding results.

¢ No clear dose response.
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22 i Qlasﬁoganicity vs, Hematopoietic

Tumors in Mice

LIrA R

¢ NTP Bioassay (1989)
e Male mice - no increase in hematopoietic tumors.

e Female mice - no increase in hematopoietic tumors.

o Shibata et al, (1991)
¢ Male and female mice showed no increase in hematopoietic

{‘\ tumors,

» In the target species (mice) and tissue, clastogenicity does not
correlate with tumorigenicity.

Proposed Site-Specific Metabolism For Hydroquinone
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Legend for Figure 2
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Beazoquinone Glutathions Cenjugats

Hydroquinons Glutathlons Conjugate
Hydroquinone Diglutathione Conjugate
Hydroquinone Triglutathions Conjugate
Hydrogquinone N-Acetyl Cystelne
Canjugate Hydroquinone Cystaine
Conjugate Hydroquinons Sullste
Canjugate Orsl Administration of
Hydroquinons lutraperiiones!
Admininrstion of Hydroquisses
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¢ Development of nephrotoxicity model system
¢ Cell proliferation studies

* ¥P DNA adduct study

¢ Development of PB-PK and biological models

NDMA Research In Planning Stages

¢ Dermal pharmacokinetics study

* Cell proliferation after dermal application (90 days)
* Dermal bioassay - rats and mice
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Discussion Points .« s fim ope v

oc "he benzene literature Is largely irrelevant for understanding the biological and
{ <hemical consequences of HQ exposure, ‘

* HQ Is not an inducer or promotor of skin carcinogenésis.

¢ The kidney tumors ssen following HQ ingestion are associated with renal toxicity and
chronic progressive nephropathy.

* Mononuclear cell Jeukemia in female F-344 rats is not a reproducible effect indicative
of carcinogenicity,

¢ The incidence of benign hepatocellular tumors in B6C3F, mice is questionable
evidence of carcinogenicity,

¢ Clastogenicity studies with HQ are not relevant to predicting animal or human
MmorigeMdtx.

* Metabolism plays an important role in understanding the biologic consequences of
HQ exposure.

* The rate of HQ percutaneous absorption fs relatively slow. Consequently, toxicity
Q = dermal exposure is unlikely to occur,

» Additional research to address the issues raised by the NTP results is underway.
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® The available data should not present a concern
for chronic health effects from HQ exposures.

¢ Additional research is underway or planned to
address questions raised by the NTP bioassay.




