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Article

Acute, Subchronic, and Developmental
Toxicological Properties of Lubricating
Oil Base Stocks

Walden E. Dalbey1, Richard H. McKee2, Katy Olsavsky Goyak2,
Robert W. Biles3, Jay Murray4, and Russell White5

Abstract
Lubricating oil base stocks (LOBs) are substances used in the manufacture of finished lubricants and greases. They are produced
from residue remaining after atmospheric distillation of crude oil that is subsequently fractionated by vacuum distillation and
additional refining steps. Initial LOB streams that have been produced by vacuum distillation but not further refined may contain
polycyclic aromatic compounds (PACs) and may present carcinogenic hazards. In modern refineries, LOBs are further refined by
multistep processes including solvent extraction and/or hydrogen treatment to reduce the levels of PACs and other undesirable
constituents. Thus, mildly (insufficiently) refined LOBs are potentially more hazardous than more severely (sufficiently) refined
LOBs. This article discusses the evaluation of LOBs using statistical models based on content of PACs; these models indicate that
insufficiently refined LOBs (potentially carcinogenic LOBs) can also produce systemic and developmental effects with repeated
dermal exposure. Experimental data were also obtained in ten 13-week dermal studies in rats, eight 4-week dermal studies in
rabbits, and seven dermal developmental toxicity studies with sufficiently refined LOBs (noncarcinogenic and commonly mar-
keted) in which no observed adverse effect levels for systemic toxicity and developmental toxicity were 1000 to 2000 mg/kg/d
with dermal exposures, typically the highest dose tested. Results in both oral and inhalation developmental toxicity studies were
similar. This absence of toxicologically relevant findings was consistent with lower PAC content of sufficiently refined LOBs. Based
on data on reproductive organs with repeated dosing and parameters in developmental toxicity studies, sufficiently refined LOBs
are likely to have little, if any, effect on reproductive parameters.

Keywords
acute, base stock, dermal, developmental, lubricant, mineral oil, petroleum, rat, subchronic, toxicity

Introduction

Lubricating oil base stocks (LOBs, petroleum mineral oils)

constitute 1 of 13 categories of petroleum substances that were

sponsored by the Petroleum High Production Volume Testing

Group (PHPVTG) in response to the High Production Volume

(HPV) Challenge Program1 of the United States Environmental

Protection Agency (US EPA). These categories encompassed

approximately 400 petroleum substances. This article reports

previously unpublished data on the toxicological hazards of

repeated exposures to LOBs.

Lubricating oil base stocks, derived from petroleum crude

oil, include refinery streams with a range of potential toxicity

depending on the extent of their refining. ‘‘Insufficiently

refined’’ LOBs are intermediate refinery streams that contain

polycyclic aromatic compounds (PACs) at levels that are

known to present carcinogenic hazards. ‘‘Sufficiently refined’’

LOBs have much lower levels of PACs, are not considered

carcinogenic, and are the starting liquid in the formulation of

a wide array of lubricants. Finally, more intensively refined

LOBs (white oils [WOs], also known as ‘‘highly refined’’

LOBs) may also be used in food-contact applications, pharma-

ceuticals, laxatives, body lotions, baby oils, cosmetics, or direct

food additives.

The initial starting material for manufacture of LOBs is the

residuum from the atmospheric distillation of crude oil. This

complex material has constituents that boil principally above

*650�F (343�C), including the higher boiling aromatic
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constituents that are present in crude oil. The atmospheric resi-

duum is subsequently distilled under vacuum to separate these

constituents further by boiling point into various distillate frac-

tions and a residuum from vacuum distillation. These products

of vacuum distillation are further refined to yield a set of

related substances (base oils, WOs, waxes, aromatic extracts,

and asphalt) that can be considered as related, not separate,

entities.

The LOB fractions obtained directly from vacuum distilla-

tion are considered to be insufficiently refined and can contain

a number of undesirable components that can negatively affect

the performance of the LOB and must be removed. The unde-

sirable components include heterocyclic aromatics and PACs.

Polycyclic aromatic compounds are predominantly found in

the distillate streams although, depending on the processing

conditions, they can also be found in the overhead and residual

streams. Most commonly, the PACs are removed by solvent

extraction that selectively extracts compounds with 2 or more

aromatic rings. In essence, PACs are transferred from the insuf-

ficiently refined LOBs to an aromatic extract, leaving suffi-

ciently refined LOBs with low levels of PACs. The LOBs

can also receive hydrogen treatment that is primarily used to

reduce sulfur levels and can also reduce the levels of PACs

under the appropriate processing conditions, usually by ring

opening and saturation. Additional processing for finishing

LOBs can also include ‘‘de-waxing’’ to remove long chain

paraffins (waxes). The resulting ‘‘sufficiently refined’’ LOBs

can be used to manufacture commercial products, primarily

lubricants. Figure 1 shows a diagram of common refining steps

and information from the current production of 2 sufficiently

refined LOBs, including the extraction of PACs into a distillate

aromatic extract (DAE).

In certain cases, the sufficiently refined LOBs receive

additional treatment either by more vigorous hydrogenation

or by acid oxidation/extraction to further reduce or eliminate

aromatic constituents to produce WOs (highly refined

LOBs), which meet the regulatory requirements for food con-

tact and/or pharmaceutical applications. The Appendix con-

tains information on the relevance of other groups of LOBs,

namely, whether LOBs are distillate or residual and also

whether the LOBs were derived from paraffinic or naphthe-

nic crude oils.

As with other refinery streams, the definitions of individual

Chemical Abstracts Services (CAS) numbers of LOBs are writ-

ten in general terms due to the complex and variable nature of

these substances. The definitions typically refer to the final

process step a refinery stream has undergone rather than to

chemical composition. Therefore, the severity of the various

refining steps used to produce a LOB may not be apparent from

the CAS number alone. As a result, knowledge of refining

history or results of at least 1 screening test are commonly used

to assess whether the LOBs have been sufficiently refined

before their use in finished lubricants. Those LOBs that have

not been assessed by testing or do not have well-defined refin-

ing histories typically are considered to have been insuffi-

ciently refined and are classified accordingly. This approach

has been reviewed elsewhere.2-11 One short-term screening test

involves measurement of the total amount of material extrac-

table in dimethyl sulfoxide (DMSO) using Institute of Petro-

leum (IP) 34612 as an index of PAC content. Oils with levels

Insufficiently Refined       | Sufficiently Refined
                | 
                | 
                | 
                | 
      130 SUS         | 130 SUS     130 SUS 
Residuum     Distillate         | Waxy Raffinate     Dewaxed Oil 
from                |      
Atmospheric               |      
Distillation               |     
        130 SUS DAE       |    130 SUS Wax 
                | 
                | 
                | 
                | 
      600 SUS         | 600 SUS     600 SUS 
      Distillate         | Waxy Raffinate     Dewaxed Oil 
                |      
                |      
                |      
   Vacuum    600 SUS DAE       |    600 SUS Wax 
   Residuum            | 
                | 
                | 
 Mean of 130 and 600 SUS             | 
 values for IP346 (%) at each             | 
 stage of refining        8.47           16.69       |         0.53           0.14       0.27

Vacuum
Distillation

Tower

Solvent
Extraction

Solvent
Extraction

Catalytic
Dewaxing

Solvent
Dewaxing

Figure 1. Schematic of refining process and mean IP346 values on 2 currently produced vacuum distillates and the refinery streams derived
from them. IP indicates Institute of Petroleum.
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>3.0 weight% of DMSO-extractable material are considered to

be potentially carcinogenic. In a second short-term assay, the

optimized Ames test, a mutagenicity index (MI) is calculated as

the initial linear slope of the dose–response curve in which dose

is mL of a DMSO extract of the test substance per cultured plate

of bacteria and response is the number of revertant colonies on

the respective plates.2,13 A value of ‘‘1’’ for the MI is com-

monly used as a cutoff for distillate streams, that is, samples for

which MI �1 are considered potentially carcinogenic.14

Although information was available on many aspects of

health effects with LOBs, data on laboratory studies of subchro-

nic and developmental toxicity were relatively limited.15,16 This

article provides such information, starting with potential effects

of insufficiently refined LOBs. These LOBs were known to be

carcinogenic when applied dermally. In addition, statistical mod-

els have been developed to predict the outcome of systemic and

developmental toxicity tests from compositional information of

many refinery streams.17-19 In essence, these models showed that

the potential for systemic and developmental toxicity was asso-

ciated with the aromatic ring class (ARC) profile of the types and

levels of PACs. Given the known potential toxicity and available

models to estimate that toxicity, additional studies on subchronic

and developmental toxicity were not performed with insuffi-

ciently refined LOBs. Instead, the potential for systemic and

developmental toxicity as predicted using these models for

the representative insufficiently refined LOBs in Figure 1 and

Table 1 is presented here. Note that both of the insufficiently

refined LOBs in Table 1 had values of IP346 and ‘‘Total ARC

weight %’’ that were well above 3% and MIs well above 1.0;

thus, those samples can be considered potentially carcinogenic.

(Method II, which was also used to derive the weight percent of

DMSO-extractable material [‘‘Total ARC weight %’’ in Table 1]

is similar to the IP346 method.)

Although the term ‘‘sufficiently refined’’ originated in rela-

tion to carcinogenicity, on a practical basis, it can be applied to

both systemic and developmental effects. In other words, it is

hypothesized that exposure to a sufficiently refined LOB would

not result in significant systemic or developmental toxicity.

Inherent in this approach is the premise (primarily based on

Feuston et al20) that PACs in the oil are responsible for both

target organ effects and developmental effects and that the

levels of biologically active PACs are so low in sufficiently

refined LOBs that the hazards of systemic and/or developmen-

tal toxicity are minimal. This premise was investigated in sev-

eral studies reported here on developmental toxicity and

repeated-dose exposures.

These studies were focused primarily on dermal expo-

sures to sufficiently refined LOBs since exposure via the

skin is expected to be the main type of contact that would

occur during normal use of these products. Additional justi-

fication for the use of dermal dosing is provided in the

Appendix. A few studies reported here were performed with

oral or inhalation exposure, and those routes are discussed

further.

Table 1. ARC Profile, IP346 Value, and MI for 2 Insufficiently Refined Distillate LOBs (130 SUS and 600 SUS) and Petroleum Streams Derived
From Them.

CAS No Description Sample ID

Total
ARC
wt%a

%
ARC
1b

%
ARC
2b

%
ARC
3b

%
ARC
4b

%
ARC
5b

%
ARC
6b

%
ARC
�7b

IP346,
% MI

130 SUS
64741-51-1 Heavy paraffinic petroleum distillate Distillate 4.4 0.00 0.00 1.10 2.38 0.88 0.04 0.00 9.47 5.1
64742-04-7 Distillate aromatic extract DAE 10.8 0.00 0.00 2.81 5.72 2.05 0.11 0.00 19.05 9.3
64741-88-4 Solvent-refined heavy

paraffinic distillate
Waxy

raffinate
0.48 0.00 0.00 0.18 0.21 0.07 0.01 0.00 0.74 0.2

64742-61-6 Slack wax Wax 0.11c 0 0 0 0 0 0 0 0.11 0.0
64742-70-7 Catalytic dewaxed heavy paraffinic

distillate
Dewaxed oil 0.10 0.00 0.00 0.02 0.06 0.02 0.00 0.00 0.13 0.0

600 SUS
64741-51-1 Heavy paraffinic petroleum distillate Distillate 4.2 0.00 0.00 0.00 0.07 0.67 1.76 1.60 7.47 1.2
64742-04-7 Distillate aromatic extract DAE 7.3 0.00 0.00 0.00 0.29 1.24 3.07 2.70 14.34 2.5
64741-88-4 Solvent-refined heavy

paraffinic distillate
Waxy

Raffinate
0.07 0.00 0.00 0.04 0.01 0.00 0.01 0.00 0.32 0.0

64742-61-6 Slack wax Wax 0.12 0.00 0.06 0.06 0.00 0.00 0.00 0.00 0.18 0.0
64742-65-0 Solvent-dewaxed heavy

paraffinic distillate
Dewaxed oil 0.17 0.00 0.01 0.08 0.03 0.01 0.02 0.01 0.38 0.0

Selected related refinery streams
64741-57-7 Heavy vacuum gas oil 85244 6.2 0.0 0.1 2.5 1.9 1.2 0.5 0.0 5.6
64742-04-7 DAE 86187 20.3 0.0 0.0 4.1 8.1 6.1 2.0 0.4 26.8

Abbreviations: ARC, aromatic ring class; CAS, Chemical Abstracts Service; DAE, distillate aromatic extract; DMSO, dimethyl sulfoxide; LOBs, lubricating oil base
stocks; PACs, polycyclic aromatic compounds; MI, mutagenicity index; No, number; SUS, Saybolt Universal Seconds; IP, Institute of Petroleum.
a Percent of DMSO-extractable PACs as determined by Method II.24

b ARC 1% is the weight percent of PACs that have 1 aromatic ring within the total sample. ARC 2% is the percent of PACs with 2 aromatic rings, and so forth to 7
aromatic rings. Percent of each ring class was determined by Method II.24

c Examination of mass spectra showed the extract to consist entirely of cycloparaffins.
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In addition, information by which it was possible to assess

the potential for reproductive toxicity of LOBs was derived

from these and additional studies and is discussed here. Finally,

results from acute toxicity tests on LOBs, compiled from com-

pany records, are summarized here to complete the profile of

information which is required to fulfill HPV human health

obligations for this category of substances. Data on acute oral

and dermal toxicity of other paraffinic and naphthenic base oils

have been reported previously.15,21 All LOBs in the acute stud-

ies discussed herein were sufficiently refined except for Amer-

ican Petroleum Institute (API) 83-12.

Materials and Methods

Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures

Oral and dermal toxicity tests were performed on 4 LOBs,

namely, API 83-12, S-141, S-142, and S-150. In the acute oral

tests, rats were observed daily after a single oral gavage. Body

weights were measured periodically and animals were necropsied

at terminal sacrifice. Acute dermal toxicity was evaluated in New

Zealand white rabbits. One dose was given for 24 hours under an

occlusive dressing. Animals were observed daily for 2 weeks with

periodic measurement of body weight and necropsy at terminal

sacrifice. Additional details of the studies are available.22

Acute inhalation studies were conducted on 7 LOBs. For the

first LOB (API 83-12), groups of rats (5/sex) were exposed for 4

hours to aerosolized LOB at concentrations of 1.0, 1.5, 2.4, 3.5,

or 5.0 mg/L. Clinical observations were made daily during the

following 2 weeks, and body weights were recorded weekly.

Surviving animals were necropsied on day 14. This initial study

was followed by studies of 3 LOBs (87-099, 87-101, and 87-

102) in which groups of Sprague-Dawley rats (5/sex) were

exposed for 4 hours for each aerosolized sample. Sham-

exposed controls were provided. End points included daily clin-

ical observation, weekly body weights, and necropsy at terminal

sacrifice. Finally, studies were conducted for 3 sufficiently

refined LOBs (S-141, S-142, and S-461) in which groups of

Sprague-Dawley rats (10/sex) were exposed for 4 hours to 3

aerosol concentrations of each LOB. Half of each group (5/sex)

was sacrificed on the day after exposure; the remaining half was

observed for 2 weeks before sacrifice. End points included daily

clinical observations, periodic body weights, necropsy, weights

of liver, kidney, and lung (wet and dry), and histopathology of

nose, lung, liver, kidney, and thoracic lymph nodes.

Modeled Predictions for Subchronic and Developmental
Toxicity Studies With Dermal Exposures to Insufficiently
Refined LOBs

Polycyclic aromatic compounds in the DMSO extracts of 2

insufficiently refined LOBs and their related petroleum streams

were assessed by Mobil method II as described in more detail

subsequently. Both starting samples were heavy paraffinic

petroleum distillates from current production; the viscosity of

1 sample was 130 Saybolt Universal Seconds (SUS) and the

other was 600 SUS. Additional samples of petroleum streams

were taken at each stage of subsequent refining as the insuffi-

ciently refined LOBs were solvent extracted to remove aro-

matic constituents, and the resulting waxy raffinate (a

solvent-refined heavy paraffinic distillate) was treated to

remove long-chain paraffinic constituents to yield a final

dewaxed LOB (Figure 1).

Detailed descriptions of the Mobil method II can be found

elsewhere.4,23,24 Briefly, each sample was initially extracted

with DMSO, further purified, and analyzed by gas chromato-

graphy/mass spectrometry (GC/MS). The GC/MS chromato-

grams of the extracts were integrated in the slice mode. Data

were reported by ring number of the PACs (1-ring, 2-ring, etc)

and given as fractions of the starting material.

The resulting ARC profiles were then used in statistical

models to predict the dose associated with a 10% difference

from controls in characteristic target organ effects associated

with repeated exposure to a range of PAC-containing refinery

streams, namely, increased liver weights, decreased thymus

weights, decreased platelet counts, and decreased hemoglobin

(Hb) concentration. The models were also used to predict 10%
differences in developmental parameters, including reductions

in fetal body weight, reductions in percent offspring live-born,

and increased percentage of resorptions. The predictions were

based on a series of statistically developed empirical models

described elsewhere,17 and the end points were identified in an

extensive analysis of data from several studies on petroleum

streams as the most sensitive end points.18,19 The predicted

dose was identified as the predicted dose–response at 10%
(PDR10). The lowest PDR10 in each study for each sample was

identified as the ‘‘sample PDR10’’ for that study.

Subchronic Studies With Dermal Exposures to
Sufficiently Refined LOBs

Subchronic (13 weeks) dermal studies in Sprague-Dawley rats

were performed over several years on 10 sufficiently refined

LOBs. Descriptions of these LOBs are given in Table 2. The

designs of these studies were essentially similar although

there were differences as described subsequently. The LOBs

were applied to the clipped backs of the rats, treated sites were

left uncovered, and animals wore Elizabethan collars to mini-

mize ingestion of the LOBs. Each study included a sham-

treated control group. Dosing was done 5 days/week. Clinical

signs were evaluated daily and body weight was measured

weekly. Evaluated end points included clinical chemistry

(*18 parameters), hematology (white blood cell [WBC] num-

ber, WBC differentials, hematocrit (Hct), Hb, red blood cell

[RBC] number, and associated parameters), and organ weights

(adrenals, gonads, heart, kidneys, liver, spleen, and thymus).

Statistical analyses included analysis of variance (ANOVA),

Dunnett or Duncan test, and chi-square test for all studies

except those with WOLCCD and WOULSDF in which Student t

test was used. A summary of other differences in the conduct of

these studies in rats is given in Table 3.

Dalbey et al 113S

 by guest on March 6, 2014ijt.sagepub.comDownloaded from 

http://ijt.sagepub.com/
http://ijt.sagepub.com/


The most recent of these studies was performed with a sol-

vent dewaxed heavy paraffinic distillate (SDHPD, CAS No

64742-65-0) that had been refined by solvent extraction to

remove the PAC constituents. No DMSO-extractable material

was found in the analysis of this sample by Method II. The

study was conducted in accordance with the Office of Chem-

ical Safety and Pollution Prevention (OCSPP) Guideline

870.3250 and Organization for Economic Cooperation and

Development (OECD) Guideline 411. Solvent dewaxed heavy

paraffinic distillate was applied undiluted at a dose of

1.14 mL/kg (1000 mg/kg spread over *10% of body surface).

The application areas were gently washed on Fridays after a

6-hour exposure. The washing was done with a mild soap solu-

tion to remove any residual test material, followed by a rinse

with deionized water and drying. Starting on study day 35 and

occurring on each dosing day thereafter, each animal was

wiped gently with a dry paper towel to remove residual test

substance after a 6-hour exposure period. The treated skin was

scored following the method of Draize.25

Two additional studies in rats were not designed specifically

to address the toxicity of LOBs but did yield useful data. These

13-week studies were conducted on light catalytic cracked dis-

tillates (LCCDs) and ultra-low sulfur diesel fuel (ULSDF).

Although these test substances were not LOBs, each test sub-

stance was diluted in a LOB (WO) for the purpose of reducing

dermal irritation that might confound the assessment of sys-

temic toxicity. Both a vehicle control group (receiving only

WO at 1300 mg/kg/d) and a sham-dosed control group (no

WO) were included in each study. Vehicle controls were com-

pared to the sham-dosed controls. The results represent 2

identical studies in which groups dosed dermally with the same

WO were compared to respective sham-dosed controls. The

studies were conducted in accordance with OCSPP Guideline

870.3250 and OECD Guidelines 411 and 474. The same sam-

ple of US Pharmacopoeia WO was used as the vehicle in both

the studies (CAS No 8042-47-5). No DMSO-extractable mate-

rial was seen in this sample by analysis with Method II. Both

sham-dosed and vehicle control groups were subjected to the

same procedures except that no WO was applied to the sham

controls. Further details on the conduct of the studies are given

in Table 3. For clarity, the data for the WO in each study are

shown using the name of the respective test substance in that

study, that is WOLCCD and WOULSDF.

Seven other 13-week studies were performed in rats over

several years. Each of these LOBs was considered to be suffi-

ciently refined based on process history or appropriate testing

(eg, optimized Ames or skin-painting tests). Performed earlier

than the study on SDHPD, these studies were essentially com-

parable to the one on SDHPD but did not include all of the

same specific end points, particularly in regard to histopatho-

logical examination of organs. Further details are given in

Table 3.

In addition to the studies performed with rats, 5 LOBs (sam-

ples 87-099 through 87-103 in Table 2) were tested via dermal

application in groups of 10 New Zealand white rabbits (5/sex)

at doses of 0 (sham-dosed controls) and 1000 mg/kg/d on

5 days/week for 4 weeks. Finally, 4-week studies were per-

formed using New Zealand White rabbits with 3 LOBs (API

83-12, 83-15, and 84-01 in Table 2). In each study, groups of

animals (5/sex) were treated dermally 3 times per week with

Table 2. Information on Samples of LOBs Used in Subchronic Dermal Toxicity Tests.

CAS No. Description
Approx viscosity

(cSt at 40�C) General type of LOB

Samples tested in rats
SDHPD 64742-65-0 Solvent-dewaxed heavy paraffinic distillate 108 Distillate
WOLCCD and WOULSDF 8042-47-5 White oil, USP 32 White oil
S-141 64742-65-0 Solvent-dewaxed heavy paraffinic distillate 22 Distillate
S-300 64742-65-0 Solvent-dewaxed heavy paraffinic distillate 63 Distillate
S-335 64742-65-0 Solvent-dewaxed heavy paraffinic distillate 138 Distillate
S-345 72623-83-7 Lubricating oils (petroleum) C25, hydrotreated

bright stock based
550 Residual

S-142 64742-70-7 Catalytic dewaxed heavy paraffin oil 21 Distillate
S-150 64742-54-7 Hydrotreated heavy paraffinic distillate 34 Distillate
S-461 8042-47-5 White oil 16 White oil

Samples tested in rabbits
87-099 64742-56-9 Solvent-dewaxed light paraffinic distillates Distillate
87-100 64742-65-0 Solvent-dewaxed heavy paraffinic distillates Distillate
87-101 64742-65-0 Solvent-dewaxed heavy paraffinic distillates Distillate
87-102 64741-88-4 Solvent-refined heavy paraffinic distillates Distillate
87-103 64742-62-7 Petroleum, solvent-dewaxed residual oils Residual
API 83-12 64742-53-6 Hydrotreated light naphthenic distillate 8.44 Distillate
API 83-15 64742-52-5 Hydrotreated heavy naphthenic distillate 880 Distillate
API 84-01 64741-50-0 Light paraffinic distillate 14.07 Distillate, insufficiently refined

Abbreviations: API, American Petroleum Institute; LOB, lubricating oil base stock; CAS, Chemical Abstracts Service; SDHPD, solvent dewaxed heavy paraffinic
distillate; LCCD, light catalytic cracked distillate; No, number; WO, white oil; ULSDF, ultra-low sulfur diesel fuel.
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doses of 0, 200, 1000, or 2000 mg/kg. Additional details on

these studies are provided in the Appendix.

Developmental Toxicity Studies With Dermal Exposures
to Sufficiently Refined LOBs

A developmental toxicity study using Sprague-Dawley rats was

conducted with SDHPD in accordance with OCSPP 870.3700

and OECD Guideline 414. Groups of 25 pregnant females were

dosed with 0 (sham-treated controls) or 1000 mg/kg/d daily

from gestational day (GD) 0 through 19. As with the subchro-

nic studies, all animals wore Elizabethan collars. Among the

end points evaluated at necropsy of the dams on GD 20, adre-

nals and thymus glands were weighed. The uteri and ovaries

from all dams were excised and weighed, the number of both

corpora lutea and implantation sites was recorded, and the

uterine contents examined. Uteri with no apparent evidence

of implantation were opened and placed in 10% ammonium

sulfide solution for detection of early implantation loss.26 Each

viable fetus was examined externally, individually sexed, and

euthanized. The crown-rump length was determined for each

fetus. The internal examinations of the viable fetuses followed

the methods of Stuckhardt and Poppe27 and included fresh

dissection to assess the heart and major blood vessels. The sex

of each fetus was confirmed by internal examination. Fetal

kidneys were examined and graded for renal papillae develop-

ment.28 Heads from approximately one-half of the fetuses in

each litter were placed in Bouin fixative for subsequent soft-

tissue examination by the Wilson sectioning technique.29 The

heads from the remaining one-half of the fetuses were exam-

ined by mid-coronal slice. All carcasses were eviscerated and

fixed in 100% ethyl alcohol. Following fixation, each fetus was

Table 3. Summary of Dosing Procedures and Selected Measured End Points in 13-Week Dermal Studies in Sprague-Dawley rats.a

S-141, S-300,
S-335, S-345,
and S-142b S-150 S-461c

SDHPD,
WOLCCD, and

WOULSDF
d

General parameters
Vehicle for sham controls Water None None None
No of rats per sex in each group 10 15 10 10
Doses, mg/kg/d 0, 2000 0, 800, 2000 0, 125, 500, 2000 0, 1000
Tool for application of the LOB Needle and

syringe
Syringe Syringe Microspatula

Treated skin wiped on weekends Y Y
Treated skin wiped Monday to Thursday and washed Friday Y
Collars removed on Saturday and Sunday Y Y Y

End points in biophase
Food consumption, weekly Y Y
Scoring skin irritation at treated site Weekly Weekly Weekly Daily

End points at termination
Urine: albumin, bilirubin, glucose, ketone bodies, occult blood, pH, specific

gravity, and urobilinogen
Y Y Y

Weight of brain, epididymides, prostate, thyroid, and uterus Y Ye Yf

Weight of lungs Y
Histopathology: colon, duodenum, gonads, kidneys, liver, lungs, spleen,

treated skin, untreated skin, and gross lesions
Y Y Y

Histopathology: adrenals, thymus, and thyroid Y Y Y
Histopathology: stomach Y Y
Histopathology: bone and marrow, brain, eyes, optic nerve, pancreas,

and urinary bladder
Y Y

Histopathology: aorta, bone marrow smear, cecum, cervix, epididymides,
esophagus, femur with joint, heart, ileum, jejunum, lacrimal gland, lymph
nodes, pituitary, prostate, rectum, salivary glands, sciatic nerve, seminal
vesicles, skeletal muscle, spinal cord, sternum, trachea, uterus, and vagina

Y

Sperm morphology Y

Abbreviations: SDHPD, solvent dewaxed heavy paraffinic distillate; LCCD, light catalytic cracked distillate; No, number; WO, white oil; ULSDF, ultra-low sulfur
diesel fuel; LOB, lubricating oil base stock.
a Y indicates that the end points in the first column were evaluated in these studies.
b Study designs were essentially identical except that S-142 had doses of 0 and 1720 mg/kg rather than 0 and 2000 mg/kg.
c This study had an additional control group that was untreated. Histopathology was not performed with S-461 because the testing laboratory was closed before
that phase was done.
d Study designs were essentially identical except that doses were 0 and 1000 mg/kg for SDHPD and 0 and 1300 mg/kg for WOLCCD and WOULSDF. Platelet count
was measured with S-461, WOLCCD, and WOULSDF and a few other minor differences were noted.
e Seminal vesicles were also weighed.
f Pituitary was also weighed.

Dalbey et al 115S

 by guest on March 6, 2014ijt.sagepub.comDownloaded from 

http://ijt.sagepub.com/
http://ijt.sagepub.com/


macerated in potassium hydroxide and stained with Alizarin

Red S and Alcian Blue.30 Fetuses were then examined for

skeletal malformations and developmental variations. External,

visceral, and skeletal findings were recorded as either malfor-

mations or variations. Statistical analyses included ANOVA,

Dunnett test, 2-sample t test, or Kruskal-Wallis nonparametric

ANOVA, as appropriate.

As with the subchronic dermal studies, 2 developmental

toxicity studies were performed on LCCD and ULSDF. Again

these test substances were diluted with the same WO to reduce

dermal irritation, and both a vehicle control group (receiving

only WO at 1300 mg/kg/d) and a sham-dosed control group (no

WO) were included in each study. The sample of WO was the

same as that used in the related subchronic studies. The meth-

ods of dosing, necropsy, fetal evaluations, and statistical anal-

yses were the same as with SDHPD with the addition of

maternal liver weight. The results represent 2 identical devel-

opmental toxicity studies with female Sprague-Dawley rats

dosed dermally with the same WO and compared to the respec-

tive sham-dosed controls.

Similar developmental toxicity studies on a sufficiently

refined LOB (S-141) and a white mineral oil (S-461) were also

performed. Although generally comparable to the study on

SDHPD, doses in the study on S-461 were 0 and 2000 mg/

kg/d on GD 6 through 19, group size was 20 females, and

gravid uterine weight was not measured. Clinical chemistry

was assessed in dams at necropsy (*21 parameters). The

methods used for evaluation of fetuses also differed. Half of

the fetuses were preserved in Bouin fixative and examined for

alterations in soft tissues by use of a modified Wilson tech-

nique. The other half of the fetuses were stained, cleared, and

examined for skeletal changes. The study design with S-141

was the same as that for S-461 except that dosing was on GD 0

through 19, group size was 15 dams, and gravid uterine weight

was measured. This study also had additional groups of 10

females that received 125 or 500 mg/kg/d. Statistical analyses

included ANOVA and Fisher exact test or Dunnett test, as

appropriate.

Developmental Toxicity Study With Inhalation or Oral
Exposures to Sufficiently Refined LOBs

A white mineral oil (S-461) was tested by inhalation in a devel-

opmental toxicity study. A group of 20 pregnant female rats

was exposed by inhalation to 1000 mg/m3 for 6 hours/d. Ani-

mals were housed individually and exposed whole body. The

aerosol was generated with a Laskin nebulizer; large particles

were removed before the aerosol entered the 400-liter inhala-

tion chamber. The aerosol concentration was monitored grav-

imetrically and particle size was measured by cascade

impaction. End points were the same as in the dermal devel-

opmental toxicity study with S-461. A sham-exposed group of

20 females was included.

In an oral study with a similar design, S-461 was also tested .

The LOB was administered orally to a group of 21 pregnant

female rats at a dose of 5000 mg/kg/d on GD 6-19. Animals

were dosed using a 3 cm3 syringe fitted with a 16-gauge stain-

less steel gavage needle. End points were the same as in the

dermal developmental toxicity study with S-461 and a sham-

dosed group of 20 females was included.

Reproductive Toxicity With Dermal Exposures to
Sufficiently Refined LOBs

No 2-generation reproductive toxicity studies were identified

for LOBs. However, for purposes of the HPV Program, gui-

dance from the US EPA indicates that the requirements to

assess the potential for reproductive toxicity can be satisfied

by data from (1) a developmental toxicity study and (2) a

90-day repeated-dose study in which the potential for effects

on reproductive organs was assessed.31 A summary of the rele-

vant data from the present studies is given in the Results section.

In addition, a reproductive study was conducted with a white

mineral oil (S-461) using a study design similar to OECD

Guideline 415 (One-Generation Reproduction Toxicity Study).

Differences from the guidelines included the use of 2000 mg/kg

rather than the limit dose of 1000 mg/kg and administration of

doses 5 times per week during much of the study rather than

7 times per week. Dermal doses applied to groups of Sprague-

Dawley rats (20/sex) were 0 (untreated controls), 0 (sham-

exposed controls), 125, 500, and 2000 mg/kg/d. The test

substance was applied to the shaved backs of both males and

females, and the sites were left uncovered. Elizabethan collars

were used. Dosing began approximately 10 weeks before mat-

ing and continued during mating. Dosing of females was daily

during gestation and then 5 days/week during a 3-week post-

partum period. Dams were sacrificed on day 21 of lactation.

Dosing of males was 5 days/week throughout, but half of the

males were sacrificed after mating while the remainder was

sacrificed within 2 weeks of the last sacrifice of pups (ie, during

postpartum weeks 5 and 6).

Maternal body weights were measured weekly during pre-

mating and at intervals during gestation and lactation. Maternal

food consumption was measured at intervals during premating

and gestation. Females that did not deliver were sacrificed on

GD 25 and necropsied. Females that delivered were sacrificed

on postpartum day 21 and necropsied. At necropsy, ovaries and

uteri were examined grossly, weighed, and preserved. The

number of implantations and any remarkable findings were

recorded. In addition, the estrus cycle was followed 5 days/

week in 5 females in the untreated controls, sham-exposed

controls, and rats dosed with 2000 mg/kg for 2 weeks prior

to mating and during mating until breeding activity began. All

offspring were observed individually during the postpartum

period until sacrifice for body weight, behavior, and appear-

ance. All viable neonates were examined as early as possible

for sex and external anomalies. Litters of sufficient size were

culled to 8 pups on postpartum day 4 (4/sex if possible). The

number of open eyelids for each pup was recorded on postpar-

tum day 10 and continued until both eyelids were open. All

pups were tested for surface righting reflex on postpartum day

14. Pups were weaned on postpartum days 21 and then
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sacrificed and necropsied with gross observations on postpar-

tum day 28. Data from the gestation and postpartum phases

were analyzed with ANOVA followed by group comparisons

using Fisher exact test or Dunnett test.

Results

Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures

Results of the acute toxicity studies are summarized in Table 4.

Minimal systemic effects were seen in most of the oral and

dermal studies. In the acute inhalation studies, no significant

treatment-related toxicity was seen with S-141, S-150, or S-461.

Therefore, the lethal concentration 50 (LC50) values are shown

as greater than the highest concentration that was tested for

each sample. No significant effects were seen in clinical signs,

body weight, or observations at necropsy with acute inhalation

exposures to 87-101 or 87-102. With 87-099, reddened skin

after exposure, loss of body weight between days 0 and 7 with

gain in body weight from days 7 to 14, and discolored lungs in a

few animals at necropsy were seen. This sample also has the

largest mass median aerodynamic diameter (MMAD) and the

widest range of aerosol size (geometric standard deviation,

GSD), possibly resulting in greater deposition of the aerosol

on the fur.

The LC50 in the acute inhalation study with API 83-12 was

low (2.18 mg/L) when compared to the other LOB samples

tested. The MMAD of the aerosolized LOB ranged from 1.7

to 2.5 mm among the 5 groups; the GSDs were *1.6. Body

weight differences did not show a consistent dose-related pat-

tern. Dose-related decreased activity, wet inguinal area, eyes

partially closed, wet coat, loose stool, and oily coat were seen

during exposure. Similar signs, poor condition, respiratory dis-

tress, and some deaths occurred during the first week after

exposure. Most survivors appeared normal by the second week.

Dark red lungs were described for some animals at necropsy;

the incidence ranged from 2 of 10 animals at 1.0 mg/L to 10 of

10 animals at 3.5 mg/L. Histologically, affected animals exhib-

ited diffuse pulmonary congestion and perivascular edema that

were mostly moderate or marked in degree. Less consistently

spotty alveolar edema was also seen. There was widespread

damage to alveolar walls resulting in fibronecrotic debris

resembling hyaline membranes in more marked cases and

extravasation of RBCs and polymorphonuclear leukocytes.

Necrosis and inflammation were seen in the walls of small

blood vessels and there was spotty epithelial necrosis in small

bronchioles, but the most severe damage seemed to be centroa-

cinar. The larger airways were relatively unaffected. None of

the surviving animals exhibited these acute changes. However,

most of the surviving animals exposed to 2.4 or 1.0 mg/L and

above exhibited chronic inflammatory changes that were not

seen in the controls and only occasionally in animals exposed at

the 1.5 mg/L level, and then to a lesser degree of severity.

Modeled Predictions for Subchronic and Developmental
Toxicity Studies With Dermal Exposures to Insufficiently
Refined LOBs

The goal of obtaining MI, IP346, and analyses of PACs for the

2 insufficiently refined LOBs and their subsequent refining

streams (Figure 1) was to demonstrate the removal of PACs

during refining and the concomitant reduction in toxicity as the

final sufficiently refined LOBs were prepared. These samples

were identified by the viscosity of starting insufficiently

refined LOB (130 and 600 SUS). Reductions in MI and

IP346 are apparent as shown in Table 1. In addition, means

of the 2 IP346 values are shown at each refining step in Figure

1. Since solvent extraction of the raw distillate removes many

of the aromatic constituents and concentrates them in a DAE,

the IP346 values increase in the DAE compared to the initial

distillate. The oils that remain after removal of the aromatics

(the raffinates) are sufficiently refined based on IP346 and MI,

and both the waxes and the dewaxed oils derived from the

raffinates are sufficiently refined (Table 1 and Figure 1). These

Table 4. Summary of Data on Acute Toxicity of LOBs in Mammals.

Sample CAS Number CAS Name
Oral LD50,

mg/kg
Dermal LD50,

mg/kg
InhalationLC50,

mg/L
MMAD/GSD at

high dose

API 83-12 64742-53-6 Hydrotreated light naphthenic distillate
(insufficiently refined)

>5000a >2000b 2.18c 1.7-2.5 mm/*1.6

87-099 64742-56-9 Solvent-dewaxed light paraffinic distillate >5.4 4.4 mm/3.5
87-101 64742-65-0 Solvent-dewaxed heavy paraffinic distillate >4.03 4.3 mm/2.2
87-102 64741-88-4 Solvent-refined heavy paraffinic distillate >5.53 2.7 mm/2.9
S-141 64742-65-0 Solvent-dewaxed heavy paraffinic distillate >15 000a >5000b >2.46 1.6 mm/2.3
S-142 64742-70-7 Catalytic dewaxed heavy paraffin oils >15 000a >5000b >2.40 1.7 mm/2.4
S-150 64742-54-7 Hydrotreated heavy paraffinic distillate >15 000a >5000b

S-461 8042-47-5 White mineral oil >2.46 2.2 mm/2.2

Abbreviations: API, American Petroleum Institute; CAS, Chemical Abstracts Service; LD50, median lethal dose; LOB, lubricating oil base stock; MMAD, mass
median aerodynamic diameter; GSD, geometric standard deviation.
a No significant effects were noted in clinical observation, body weight, or observations at sacrifice.
b No evidence of systemic toxicity was observed, although local dermal irritation was seen with some samples.
c See text for details related to this lower LC50.
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data provide a useful illustration of the efficacy of modern

refining practices in the production of LOBs.

As stated previously, further testing of the systemic or

developmental toxicity of insufficiently refined LOBs was not

considered appropriate since they are already known to be

carcinogenic and are used only under controlled conditions.

Instead of testing, the potential for systemic and developmental

toxicity was predicted using the data from the PAC profiles

shown in Table 1. The PDR10s for each sensitive end point with

subchronic dermal exposures were calculated and are shown in

Table 5. The sample PDR10 values for the insufficiently refined

LOBs were 91 and 77 mg/kg/d for the 130 and 600 SUS sam-

ples, respectively. As expected, the corresponding DAEs had

lower PDR10s (31 and 45 mg/kg/d). After the PACs had been

extracted into the DAEs, no toxicity was predicted for the

raffinates, waxes, and final dewaxed LOBs; all PDR10s were

>2000 mg/kg/d. The PDR10 values calculated for developmen-

tal effects are shown in Table 6. Sample PDR10 values were

550 and 30 mg/kg/d for the initial 130 and 600 SUS distillates,

respectively. The corresponding DAEs again had lower sample

PDR10 values (159 and 18 mg/kg/d) and all subsequent, suffi-

ciently refined samples had PDR10 values >2000 mg/kg/d. In

summary, the results of the modeling exercise indicate that

repeated dermal exposure to insufficiently refined LOBs can

result in target organ and developmental effects, while

sufficiently refined LOBs are not expected to have significant

effects on these end points.

Subchronic Studies With Dermal Exposures to
Sufficiently Refined LOBs

In the study on SDHPD, no test substance-related clinical or

dermal observations were noted. Treated males exhibited sig-

nificantly lower final body weights than those of controls

(Table 7), but weights among females were unaffected. No

notable findings were seen in the gross examinations at

necropsy, but treated males had statistically significantly lower

absolute weights of liver and spleen (Table 7). These lower

organ weights may have been related to lower terminal body

weights as neither difference was significant when organ

weight was expressed as a percentage of body weight. In

females, both absolute and relative liver weights were signifi-

cantly higher in treated animals. Histopathology revealed

minimal epithelial hyperplasia in treated skin, but no

treatment-related systemic findings were noted.

Statistically significant findings in the hematology and clin-

ical chemistry evaluations were noted in treated males, namely,

higher alkaline phosphatase and activated partial thromboplastin

time and lower WBC count, platelet count, and absolute mono-

cyte count. Data are not shown because, although these

Table 6. Developmental PDR10s (mg/kg/d) Predicted for Dermal Dosing With 2 Insufficiently Refined LOBs and Petroleum Streams Derived
From Them.

Sample ID
Fetal body weight,

PDR10

Live fetuses per litter,
PDR10

Percent resorptions,
PDR10

Sample PDR10,
lowest value

130 SUS distillate 550 >2000 783 550 (fetal weight)
130 SUS DAE 200 180 159 159 (percent resorptions)
130 SUS raffinate, wax, and

dewaxed oil
>2000 >2000 >2000 >2000

600 SUS distillate 221 30 61 30 (live fetuses/litter)
600 SUS DAE 129 18 35 18 (live fetuses/litter)
600 SUS raffinate, wax, and

dewaxed oil
>2000 >2000 >2000 >2000

Abbreviations: DAE, distillate aromatic extract; LOB, lubricating oil base stock; PDR10, dose–response at 10%; SUS, Saybolt Universal Seconds.

Table 5. Repeated-Dose PDR10s (mg/kg/d) Predicted for Dermal Dosing With 2 Insufficiently Refined LOBs and Petroleum Streams Derived
From Them.

Sample ID

Relative liver
weight, PDR10

Absolute thymus
weight, PDR10

Platelet count,
PDR10

Hemoglobin
concentration,

PDR10

Sample PDR10, lowest valueMale Female Male Female Male Female Male Female

130 SUS distillate 378 383 91 201 1552 1556 >2000 >2000 91 (thymus weight)
130 SUS DAE 107 108 31 69 270 271 493 507 31 (thymus weight)
130 SUS raffinate, wax and dewaxed oil >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000
600 SUS distillate 229 232 78 172 77 78 210 216 77 (platelet count)
600 SUS DAE 133 135 46 100 45 45 121 125 45 (platelet count)
600 SUS raffinate, wax, and dewaxed oil >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000 >2000

Abbreviations: DAE, distillate aromatic extract; LOB, lubricating oil base stock; PDR10, dose–response at 10%; SUS, Saybolt Universal Seconds.
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differences were statistically significant, they were small and

within the range of historical controls. Accordingly, none of

these was considered to have been toxicologically important.

A test substance-related lower mean cholesterol value was noted

in treated males when compared to controls (33.3% lower), with

a smaller, nonsignificant reduction present in females (10.0%
lower; Table 7). Although this finding in males was outside the

range of historical controls, it was considered to have been tox-

icologically irrelevant due to the direction and small magnitude

of change in both sexes. A higher mean serum phosphorus value

was noted in treated males. Although the mean value was 13%
higher than the mean for controls and was outside the range of

historical controls, a similar difference was not observed in the

females. Therefore, it may have been secondary to the effect on

body weight in males. Overall, both the no observed adverse

effect level (NOAEL) and lowest observed effect level (LOEL)

were judged to be 1000 mg/kg/d based primarily on differences

in body weight and organ weights.

With the 2 parallel studies on WO (WOLCCD and

WOULSDF), no differences between the sham-dosed and the

vehicle controls were seen in clinical signs, body weights, or

changes in body weight. In both studies, food consumption was

periodically higher in females in the vehicle controls than that

in sham controls. Sporadic statistically significant differences

were noted among the end points for hematology, clinical

chemistry, and organ weights, particularly with WOLCCD

(Table 8). These differences were not consistent except for the

higher number of circulating neutrophils in both sexes receiv-

ing WO and a tendency for higher relative liver weight in

females that received the WO. No differences were seen his-

tologically between the sham and vehicle controls. Overall, no

toxicologically significant effects were observed with the WO.

In the study with S-141, liver weight was higher in treated

males, and relative liver weight was higher in both sexes of

treated animals (Table 7), but no histological effects were

observed in the liver. Albumin was slightly higher (6%) in

Table 7. Final Body Weight and Other Selected End Points (Mean + SD) in 13-Week Dermal Studies in Rats With Sufficiently Refined LOBs.

Sample and end point

Males Females

Sham-exposed controls High dose Sham-exposed controls High dose

SDHPD
Body weight, g 506 + 34 442 + 39a 293 + 27 293 + 22
Liver weight, g 14.35 + 1.15 12.99 + 1.27b 8.59 + 1.07 9.62 + 0.98b

Liver weight/BW, % 2.84 + 0.23 2.94 + 0.08 2.93 + 0.22 3.29 + 0.28a

Spleen weight, g 0.84 + 0.06 0.73 + 0.09b 0.58 + 0.08 0.63 + 0.08
Spleen weight/BW, % 0.16 + 0.01 0.17 + 0.02 0.20 + 0.03 0.22 + 0.03
Cholesterol, mg/dL 57 + 14 38 + 7a 60 + 14 54 + 12
Phosphorus, mg/dL 9.2 + 0.9 10.4 + 1.4b 9.2 + 1.5 9.6 + 1.1

S-141
Body weight, g 366 + 28 372 + 34 252 + 27 239 + 24
Liver weight, g 12.46 + 1.48 14.78 + 2.04b 8.12 + 1.01 8.77 + 0.78
Liver weight/BW, % 3.41 + 0.29 3.98 + 0.47b 3.23 + 0.29 3.68 + 0.17b

S-300
Body weight, g 366 þ 28 359 + 31 252 + 27 247 + 16
Liver weight, g 12.46 + 1.48 13.15 + 1.90 8.12 + 1.01 8.91 + 0.84
Liver weight/BW, % 3.41 + 0.29 3.67 + 0.47 3.23 + 0.29 3.61 + 0.32b

S-335
Body weight, g 379 + 35 378 + 36 252 + 18 250 + 18
Liver weight, g 11.23 + 1.66 11.40 + 1.51 6.99 + 0.72 7.49 + 0.52
Liver weight/BW, % 2.96 + 0.23 3.01 + 0.20 2.77 + 0.16 3.00 + 0.16b

S-345
Body weight, g 379 + 35 353 + 34 252 + 18 243 + 19
Liver weight, g 11.23 + 1.66 10.58 + 1.62 6.99 + 0.72 7.52 + 1.21
Liver weight/BW, % 2.96 + 0.23 2.99 + 0.23 2.77 + 0.16 3.08 + 0.34b

Kidney weight, g 3.06 + 0.18 3.13 + 0.27 1.84 + 0.19 1.91 + 0.27
Kidney weight/BW, % 0.81 + 0.05 0.89 + 0.06b 0.73 + 0.06 0.78 + 0.05

S-142
Body weight, g 443 + 39 392 + 24b 234 + 12 233 + 12
Liver weight, g 12.61 + 1.83 13.14 + 1.30 6.52 + 0.60 7.91 + 0.43b

Liver weight/BW, % 2.84 + 0.21 3.35 + 0.25b 2.80 + 0.28 3.40 + 0.18b

Adrenal weight, g 0.050 + 0.007 0.055 + 0.013 0.057 + 0.006 0.071 + 0.009b

Adrenal weight/BW, % 0.011 + 0.002 0.014 + 0.003 0.025 + 0.003 0.031 + 0.005b

Hemoglobin, g/dL 16.2 + 0.5 15.4 + 1.0b 15.9 + 0.4 15.8 + 0.5

Abbreviations: BW, body weight; LOB, lubricating oil base stock; SD, standard deviation; SDHPD, solvent dewaxed heavy paraffinic distillate.
a Statistically significantly different from controls, P < 0.01.
b Statistically significantly different from controls, P < .05.
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treated males than in controls, and urea was increased (18%),

but the differences were small and values for both groups were

within the normal range. Therefore, these differences are

judged not to be toxic responses to S-141. No other significant

differences were noted. The NOAEL for systemic effects was

judged to be 2000 mg/kg/d, and a LOEL of 2000 mg/kg was

assigned based on absolute and relative liver weights.

With S-300, S-335, and S-345, relative liver weights were

higher in treated females than in controls with each LOB (Table

7), but no histological effects were observed. With S-345, rela-

tive kidney weight was higher in treated males, primarily reflect-

ing a decrease in body weight (Table 7). Sporadic differences

from the controls were seen among serum chemistry parameters,

but values in treated groups were within normal range, and the

differences were not judged to be a response to treatment. No

other significant differences were noted. Therefore, NOAELs for

systemic effects with S-300, S-335, and S-345 were judged to be

2000 mg/kg/d, and LOELs were 2000 mg/kg based on relative

liver weight in females.

In the study with S-142, body weights were significantly

lower in treated males, but the differences were thought to

result from unusually high body weights in the control group.

Weights of the liver and adrenals were higher in treated females

(Table 7), but no significant histological changes were

observed except for occasional small aggregates of cells with

foamy appearing cytoplasm (vacuolar degeneration) in a small

portion of the livers of treated females. The increase in liver

weight might have been an adaptive response. Hematocrit and

Hb were significantly lower in treated males, but the difference

was not judged to be toxicologically significant since the val-

ues were within the normal range. The NOAEL for systemic

effects was judged to be 1720 mg/kg/d, the high dose. This dose

was also the LOEL due to increased liver weight in females.

With S-150, body weights were significantly lower in

treated males at both 800 and 2000 mg/kg (Table 9). No dose

response was apparent, and the lower body weights were

judged not to be toxicologically significant. (Lowered body

weights in some of these dermal studies are addressed further

in the Discussion section.) Liver weights were higher in

females than those in controls by 14% at 2000 mg/kg, and liver

weight relative to body weight was increased in both sexes.

However, histological changes were minimal, and the

higher weights were considered as an adaptive response. Thy-

mus weight was lower in males at 2000 mg/kg, and adrenal

weight was higher in females at both doses. No histological

changes were observed in either organ, and the differences in

weight were not judged to represent an adverse effect. Values

for the following serum chemistry parameters in males at 2000

Table 8. Selected End Points (Mean + SD) for Sham and Vehicle (White oil) Control Groups in 13-Week Dermal Studies With LCCD and
ULSDF.

LCCD ULSDF

Males Females Males Females

Sham Vehicle Sham Vehicle Sham Vehicle Sham Vehicle

Hematology
WBC, 103/mL 10.30 + 1.42 13.25 + 3.08a 8.24 + 2.19 9.72 + 1.96 9.11 + 2.13 10.46 + 1.88 8.19 + 2.22 7.79 + 1.60
Neutrophils,

103/mL
1.80 + 0.64 2.85 + 0.68a 0.96 + 0.22 1.45 + 0.44a 1.41 + 0.66 2.80 + 0.76a 1.31 + 0.50 1.50 + 0.42

Monocytes,
103/mL

0.24 + 0.08 0.30 + 0.12a 0.16 + 0.05 0.26 + 0.08a 0.21 + 0.05 0.26 + 0.09 0.18 + 0.10 0.18 + 0.08

LUWBC,
103/mL

0.08 + 0.05 0.13 + 0.10 0.05 + 0.02 0.09 + 0.06a 0.08 + 0.04 0.09 + 0.05 0.08 + 0.03 0.06 + 0.04

Clinical chemistry
Albumin, g/dL 3.9 + 0.1 3.8 + 0.2 5.0 + 0.4 4.5 + 0.3a 3.9 + 0.4 3.8 + 0.3 5.0 + 0.5 4.6 + 0.4
Globulin, g/dL 2.5 + 0.3 2.8 + 0.3a 2.3 + 0.2 2.5 + 0.3 2.3 + 0.3 2.8 + 0.4a 2.6 + 0.3 2.7 + 0.3
AST, U/L 103 + 12 122 + 30 150 + 96 129 + 74 99 + 9 114 + 21a 221 + 270 104 + 23
Potassium,

mEq/L
5.00 + 0.54 5.57 + 0.62a 5.70 + 1.12 5.21 + 1.36 6.04 + 1.78 5.41 + 1.77 5.26 + 1.04 5.54 + 1.21

Organ weights and BW
BW, g 484 + 55 468 + 40 285 + 27 274 + 15 475 + 39 467 + 31 281 + 18 265 + 22
Adrenal

weight, g
0.065 + 0.012 0.064 + 0.009 0.075 + 0.011 0.082 + 0.008 0.062 + 0.006 0.065 + 0.011 0.066 + 0.011 0.070 + 0.010

Adrenal
weight/BW, %

0.013 + 0.002 0.014 + 0.002 0.026 + 0.003 0.030 + 0.004a 0.013 + 0.002 0.014 + 0.003 0.023 + 0.004 0.027 + 0.004

Kidney
weight, g

3.20 + 0.24 3.44 + 0.33 2.03 + 0.13 2.15 + 0.21 3.36 + 0.31 3.23 + 0.22 1.91 + 0.12 1.85 + 0.19

Kidney
weight/BW, %

0.665 + 0.059 0.736 + 0.036a 0.713 + 0.044 0.784 + 0.074a 0.708 + 0.048 0.694 + 0.034 0.681 + 0.061 0.699 + 0.057

Liver weight, g 12.64 + 2.13 12.38 + 1.10 7.95 + 1.04 8.37 + 1.16 12.72 + 1.54 12.45 + 1.38 7.52 + 0.38 8.02 + 0.75
Liver/BW, % 2.603 + 0.230 2.652 + 0.169 2.786 + 0.215 3.055 + 0.407 2.679 + 0.226 2.664 + 0.185 2.679 + 0.173 3.030 + 0.198a

Abbreviations: AST, aspartate aminotransferase; BW, final body weight; LUWBC, large unstained white blood cells; LCCD, light catalytic cracked distillate; SD,
standard deviation; ULSDF, ultra-low sulfur diesel fuel; WBC, white blood cell.
a Significantly different from sham-dosed controls (P < 0.05).
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mg/kg were statistically lower than control values: albumin

(8% lower), cholesterol (13%), triglycerides (28%), and cal-

cium (5%). Alanine aminotransferase was 39% higher. No

similar differences were seen in females. These differences

were slight, and no abnormalities were seen microscopically;

therefore the differences were not considered to be toxicologi-

cally significant. The NOAEL for systemic effects was judged

to be 2000 mg/kg/d, and a LOEL of 800 mg/kg was set based

on lower body weights in treated males.

In the study with S-461, body weights at the higher doses of

S-461 tended to be lower than those of controls during the bio-

phase, and final body weights with 2000 mg/kg at sacrifice were

significantly lower in both sexes (Table 10). No significant

treatment-related effects were seen in absolute organ weights

in either sex. Relative weights of liver, brain, kidneys, and adre-

nals, expressed as a percent of final body weight, were greater at

the high dose than those in sham-treated controls (Table 10).

Given the number of relative organ weights that were higher

in treated animals (including relative brain weight), the lack of

treatment-related effects on absolute organ weights, and the

lower body weights in treated animals, the differences in relative

organ weights do not appear to be toxicologically significant. No

differences were seen in hematology, urinalysis, and serum

chemistry except for the following at a dose of 2000 mg/kg:

albumin (11% lower than sham-treated controls), albumin/glo-

bulin ratio (18% lower), and alanine aminotransferase (33%
higher) in males and glucose (11% lower) and triglycerides

(29% lower) in females. A few smaller corresponding differ-

ences were seen at 500 mg/kg; however, the only values among

these groups that were outside the range of historical controls

were albumin levels in males. This 11% difference was consid-

ered marginal. The value of this study is limited since a histo-

pathological evaluation was not conducted (see Table 3).

Overall, limited evidence of systemic effects was seen in 13-

week dermal studies with these 8 sufficiently refined LOBs.

More specifically, there were differences in organ weights in

some studies (eg, with S-150), but no toxicologically relevant

histological effects were reported. An analysis of factors that

might have contributed to lower body weights in some of the

studies led to the conclusion that the lower weights were not

adverse. Thus, these weight differences could be used to set

LOELs for treatment-related differences but not for adverse

systemic effects related to the test substance. Similarly, the

sporadic differences in some of the PAC-sensitive end points

were considered to reflect small variations that can occur

among groups that are not related to the test substance. This

conclusion is consistent with the findings in the 2 parallel stud-

ies on the same WO (WOLCCD and WOULSDF). Given this logic

and the absence of clear adverse systemic effects, the overall

NOAELs for these subchronic studies in rats were the highest

doses tested (1000 to 2000 mg/kg/d).

In the 4-week studies in rabbits on 5 LOBs identified as 87-

099, 87-100, 87-101, 87-102, and 87-103, dermal irritation was

noted in most cases, and sporadic changes occurred that were

not judged to be adverse. The NOAEL for systemic effects was

1000 mg/kg/d in each study. Results of the studies with API

83-12, API 83-15, and API 84-01 were complicated by dermal

irritation as described in more detail in the Appendix. The

general interpretation of these 3 studies was that most of the

differences observed in the treated rabbits occurred in the pres-

ence of significant dermal irritation and probably were second-

ary to that irritation and/or the stress of dosing. Therefore, these

studies were not considered to demonstrate significant adverse

systemic effects from the LOBs.

Developmental Toxicity Studies With Dermal Exposures
to Sufficiently Refined LOBs

All dams survived to scheduled termination in the developmen-

tal toxicity study with SDHPD, and no effects were seen in

clinical observations, treated skin, body weight gain, or termi-

nal body weights (Table 11). No notable effects were reported

from the gross necropsy. No treatment-related histological

observations were noted in dams other than minimal, multi-

focal mononuclear infiltrate in the superficial dermis of the

treated rats. Treatment-related effects in the dams were limited

to statistically significant higher mean weights of adrenal

glands and nonstatistically significant lower mean thymus

weights (Table 11). The differences in weight were not consid-

ered adverse because they were small (both <13%) and other

signs consistent with maternal toxicity were not observed.

Intrauterine growth and survival in the treated group were also

unaffected (Table 11). No treatment-related adverse effects on

fetal morphology were observed, as measured by external,

visceral, and skeletal malformations or developmental varia-

tions (Table 12). A low incidence of reduced ossification was

noted, but the results were comparable between the control and

Table 9. Final BW and Selected Organ Weights (Mean + SD) in Rats
Treated Dermally With S-150 for 13 Weeks.

Sham-exposed
controls 800 mg/kg/d 2000 mg/kg/d

Males
Body weight, g 488 + 39 445 + 35a 440 + 46a

Liver weight, g 13.91 + 1.65 13.03 + 1.26 13.14 + 1.74
Liver

weight/BW, %
2.84 + 0.14 2.93 + 0.14a 2.98 + 0.17a

Thymus
weight, g

0.375 + 0.093 0.332 + 0.091 0.284 + 0.061a

Adrenal
weight, g

0.055 + 0.010 0.056 + 0.008 0.056 + 0.009

Females
Body weight, g 258 + 24 259 + 18 254 + 28
Liver weight, g 7.29 + 0.62 7.78 + 0.89 8.32 + 0.95a

Liver
weight/BW, %

2.83 + 0.17 3.001 + 0.231a 3.28 + 0.24a

Thymus
weight, g

0.259 + 0.059 0.259 + 0.064 0.254 + 0.074

Adrenal
weight, g

0.061 + 0.009 0.067 + 0.008a 0.071 + 0.012a

Abbreviations: BW, body weight; SD, standard deviation.
a Significantly different from sham-treated controls, P < 0.05.
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treated groups. Based on the lack of observed maternal or

developmental toxicity, the NOAEL for maternal and develop-

mental toxicity was 1000 mg/kg/d.

In the 2 parallel studies on the same sample of WO, clinical

signs and dermal observations in dams treated with WOLCCD and

WOULSDF were similar to the respective sham-dosed groups.

Mean maternal body weights, body weight gains, net body

weight, net body weight gain, and gravid uterine weight in

females treated with WOLCCD were similar to the sham-dosed

group. Mean body weights with WOULSDF were also generally

similar to sham controls, but significantly (P < 0.01) lower mean

body weight gains were noted with WOULSDF compared to the

sham controls during GD 9-12 and 15-18. As a result, mean total

body weight gain with WOULSDF was significantly (P < 0.01)

lower than its sham controls for GD 0-20. In addition, mean body

weight with WOULSDF was significantly (P < 0.05) lower (4.1%)

than the sham controls on GD 18. The differences in mean body

weights and mean body weight gains between WOULSDF and its

sham controls were sporadic and/or slight in magnitude, and net

body weights were similar between these 2 groups. Therefore, the

differences in body weight parameters were attributed to biolo-

gical variability. Food consumption tended to be sporadically

high in the groups treated with either WOLCCD or WOULSDF

compared to the respective sham controls, but there was no cor-

responding effect on body weights. The differences were attrib-

uted to biological variability. Macroscopic findings and organ

weights in dams were not affected by treatment except for signif-

icantly (P < 0.05) lower mean thymus weight with WOULSDF

compared to sham-treated controls (0.213 + 0.061 vs 0.251 +
0.055 g, respectively). Intrauterine growth and survival of fetuses

with WOLCCD and WOULSDF were similar to the sham controls

except that mean fetal sex ratios with WOLCCD were significantly

(P < 0.05) different from the sham controls. However, the values

were within the range of historical controls, and the differences

were attributed to biological variability. No differences were

noted in fetal external malformations, visceral variations or mal-

formations, and skeletal variations or malformations with

WOLCCD or WOULSDF compared to the respective sham-dosed

controls. In short, the WO did not produce significant maternal or

developmental toxicity in either of the parallel studies.

In the 2 remaining developmental toxicity studies, no

treatment-related changes were reported in maternal or fetal

end points, including maternal reproductive performance and

survival or development of fetuses. The NOAELs for maternal

and fetal effect from S-461 and S-141 were 2000 mg/kg/d.

Developmental Toxicity Study With Inhalation or Oral
Exposures to Sufficiently Refined LOBs

Perianal staining was observed in all females treated orally and

appeared to result from a clear oily anal discharge within a few

hours of dosing. Otherwise, no adverse effects were seen in the

inhalation and oral studies with S-461. The inhalation no

observed adverse effect concentration (NOAEC) was

1000 mg/m3, and the oral NOAEL was 5000 mg/kg/d.

Reproductive Toxicity Assessments With Dermal
Exposures to Sufficiently Refined LOBs

No significant treatment-related differences were seen in

weights of reproductive organs with dermal doses of

2000 mg/kg in the 13-week dermal studies in rats (Table 13).

Table 10. Body Weight and Weights of Selected Organs (Mean + SD) in 13-Week Dermal Study With S-461.

Untreated controls Sham-treated controls 125 mg/kg/d 500 mg/kg/d 2000 mg/kg/d

Males
Final BW, g 556 + 30 553 + 48 532 + 40 525 + 63 488 + 47a

Liver, g 16.66 + 2.35 16.19 + 1.51 15.69 + 1.93 18.47 + 3.56 17.23 + 2.08
Liver/BW, % 2.99 + 0.33 2.93 + 0.17 2.94 + 0.18 2.76 + 0.47 3.53 + 0.24b

Brain, g 2.08 + 0.08 2.10 + 0.05 2.10 + 0.10 2.04 + 0.07 2.06 + 0.09
Brain/BW, % 0.38 + 0.03 0.38 + 0.03 0.40 + 0.02 0.44 + 0.04 0.43 + 0.05a

Kidneys, g 3.70 + 0.48 3.72 + 0.34 3.66 + 0.40 3.84 + 0.40 3.64 + 0.33
Kidneys/BW, % 0.66 + 0.07 0.68 + 0.06 0.69 + 0.05 0.75 + 0.04 0.75 + 0.07a

Adrenals, g 0.051 + 0.007 0.059 + 0.007 0.060 + 0.009 0.060 + 0.009 0.54 + 0.009
Adrenals/BW, % 0.009 + 0.001 0.011 + 0.002 0.011 + 0.002 0.017 + 0.003 0.011 + 0.002

Females
Final BW, g 326 + 34 301 + 21 302 + 28 281 + 10 268 + 23a

Liver, g 11.61 + 1.54 10.01 + 1.44 9.25 + 0.91 9.23 + 0.56 9.95 + 1.93
Liver/BW, % 3.56 + 0.32 3.32 + 0.34 3.02 + 0.25 3.28 + 0.10 3.69 + 0.46a

Brain, g 1.91 + 0.08 1.91 + 0.09 1.88 + 0.07 1.89 + 0.07 1.86 + 0.06
Brain/BW, % 0.59 + 0.05 0.64 + 0.03 0.63 + 0.06 0.67 + 0.03 0.70 + 0.05a

Kidneys, g 2.31 + 0.20 2.31 + 0.16 2.22 + 0.16 2.15 + 0.18 2.27 + 0.12
Kidneys/BW, % 0.71 + 0.06 0.77 + 0.05 0.74 + 0.05 0.76 + 0.06 0.85 + 0.06b

Adrenals, g 0.070 + 0.009 0.069 + 0.008 0.064 + 0.009 0.068 + 0.010 0.076 + 0.006
Adrenals/BW, % 0.022 + 0.003 0.023 + 0.002 0.021 + 0.003 0.024 + 0.003 0.029 + 0.003b

Abbreviations: BW, body weight; SD, standard deviation.
a Significantly different from sham-treated controls, P < 0.05.
b Significantly different from sham-treated controls, P < 0.01.
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In addition, testes were evaluated microscopically in controls

and treated animals in the first 6 studies as shown in Table 13,

and ovaries were examined microscopically following expo-

sures to S-142. No treatment-related effects were seen micro-

scopically in the examined organs.

In the reproductive toxicity study on S-461, estrus cycle was

not affected by treatment in limited subgroups of animals exam-

ined for this end point (5 females/group). The fertility index

among these subgroups was 100% in the sham-exposed controls

and 2000 mg/kg/d groups and 80% in the untreated controls due to

1 female with an abnormal estrus cycle. During gestation,

erythema, scabs, and flaking were observed on the skin of nearly

all animals treated with S-461. Similar findings were reported

during lactation. Body weight gain during the gestation and post-

partum periods appeared normal. Mean body weights of females

in the 2000 mg/kg/d group were significantly lower than those of

the untreated controls during the first half of gestation but were

similar to mean weights for the sham-exposed controls (data not

shown). Since the gain in body weight was not different in the

treated groups, no treatment-related effect was apparent. No

effects of treatment with S-461 were noted at necropsies of dams.

No effects were seen in dams on the percentage of pregnant

females, duration of gestation, or number of implantation sites

per dam. No adverse effects were noted among the litters for

Liveborn Index, Day 4 Survival Index, or Day 21 Survival Index.

Mean pup weight was not affected by treatment during postpar-

tum days 0 to 28. Eyelid dysjunction and surface righting reflex

were not affected by treatment. Observations of offspring at birth

and at necropsy were not affected by treatment. In short, dermal

application of S-461 at doses up to 2000 mg/kg/d beginning 10

weeks before mating did not have any adverse effects on repro-

ductive performance of female rats or on the in utero and postnatal

survival or development of offspring. The apparent NOAEL was

2000 mg/kg/d, but confidence in that value is limited since histo-

pathological evaluations of parental reproductive organs were not

completed.

Discussion

Acute Toxicity Studies With Oral, Dermal, and Inhalation
Exposures

Toxicity in the acute studies reported here was consistently low

for LOBs administered by dermal, oral, or inhalation routes for

Table 12. Results of Examination of Fetuses From Dams Treated
Dermally With SDHPD.

Parameter

Fetuses Litters

Control Treated Control Treated

Malformations
Number examined

externally
346 346 24 24

Microphthalmia and/or
anophthalmia

1 1 1 1

Vertebral agenesis 1 0 1 0
Number examined

viscerally
346 346 24 24

Situs inversus 0 1 0 1
Number examined

skeletally
346 346 24 24

Number with findings 0 0 0 0
Variations

Number examined
externally

346 346 24 24

Number with findings 0 0 0 0
Number examined

viscerally
346 346 24 24

Hemorrhagic ring around
iris

0 2 0 1

Renal papillae not
developed

0 1 0 1

Number examined
skeletally

346 346 24 24

Sternebrae #5 or #6
unossified

51 64 19 18

Cervical centrum #1
ossified

50 47 19 16

14th rudimentary rib 25 22 9 10
Reduced ossification of the

13th rib
1 3 1 3

Abbreviation: SDHPD, solvent dewaxed heavy paraffinic distillate.

Table 11. Summary of Maternal Body Weight, Maternal Organ
Weights, and Results From Examination of Uterine Contents (Mean
+ SD) in Developmental Toxicity Study With Dermal Application of
SDHPD.

Parameter Control 1000 mg/kg/d

Maternal Weights
Initial body weight, g 247 + 12 250 + 15
Terminal body weight, g 388 + 24 387 + 25
Thymus weight, g 0.244 + 0.065 0.214 + 0.050
Adrenal weight, g 0.078 + 0.008 0.086 + 0.011a

Gravid uterine weight, g 84.3 + 10.8 83.5 + 9.1
Total number of fetuses

Fetuses (both sexes) 346 346
Male fetuses 161 172
Female fetuses 185 174

Litter-based parameters
Corpora lutea 16.0 + 1.9 16.3 + 1.8
Implantation sites 15.1 + 1.8 15.4 + 1.9
Viable fetuses, % 95.4 + 5.6 94.0 + 7.2
Dead fetuses, % 0.0 + 0.0 0.0 + 0.0
Early resorptions, % 4.6 + 5.6 5.7 + 7.0
Late resorptions, % 0.0 + 0.0 0.3 + 1.37
Total resorptions, % 4.6 + 5.6 6.0 + 7.2
Preimplantation loss, % 5.4 + 7.2 5.2 + 6.9
Post-implantation loss, % 4.6 + 5.6 6.0 + 7.2
Males, % 46.5 + 11.8 49.5 + 15.7
Females, % 53.5 + 11.8 50.5 + 15.7
Male fetal weights, g 3.9 + 0.2 3.8 + 0.3
Female fetal weights, g 3.7 + 0.2 3.6 + 0.2
Combined fetal weights, g 3.8 + 0.2 3.7 + 0.3

Abbreviations: SD, standard deviation; SDHPD, solvent dewaxed heavy paraf-
finic distillate.
a Significantly different from sham-exposed controls (P < 0.05).
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both sufficiently and insufficiently refined LOBs. Nonlethal

effects in the acute studies were minimal and, if present, gener-

ally consisted of dermal irritation with dermal dosing, loose stool

with oral dosing, or no observed changes with inhalation. One

exception was sample API 83-12, a carcinogenic LOB, that had

a relatively low LC50 (2.18 mg/L) and caused pronounced pul-

monary effects in an acute inhalation study. By comparison to

the other test samples, API 83-12 has a low viscosity (53 SUS at

100�F (38�C), or about 8.3 cSt at 100�F). Such low viscosity (<

*15 cSt at 100�F) can be the reason for an LC50 below 5 mg/L

as well as the effects observed in the lung.32

Repeated Dermal Exposures to Insufficiently
Refined LOBs

Sample PDR10 values for the 2 insufficiently refined LOBs

were 31 and 91 mg/kg for 13-week dermal studies in rats.

These results were compared to 2 other refinery streams that

could potentially be used as surrogates for insufficiently

refined LOBs. Heavy vacuum gas oil (HVGO) was chosen

because it is derived from the vacuum distillation tower

similarly to streams that are further refined to produce suf-

ficiently refined LOBs and also because this sample had

PAC content similar to insufficiently refined LOBs (Table

1). A DAE was the second potential surrogate. The PAC

content of the DAEs as shown in Table 1 was higher than

their respective insufficiently refined LOBs. Polycyclic aro-

matic compound data were also available on an additional

DAE (sample 86187 in Table 1) that was tested experimen-

tally in animals and serves as a ‘‘worst-case’’ surrogate for

insufficiently refined LOBs. This information on the aro-

matic constituents of the HVGO and DAE was previously

published20 and was provided for use by the company that

conducted these studies.

Experimentally, this HVGO had a NOAEL of 125 mg/kg in

the original report of a 13-week dermal toxicity study, but a

NOAEL of 30 mg/kg (next lower dose) was subsequently sug-

gested based on lower Hct at 125 mg/kg.33 The sample PDR10

for this HVGO was 118 mg/kg. These doses with HVGO were

near the PDR10s found with the insufficiently refined LOBs.

The DAE was also tested in a 13-week study at doses of 0, 30,

125, 500, and 1250 mg/kg/d.20,34 In this study, the NOAEL was

<30 mg/kg/d; the benchmark dose at 10% response (BMD10)

for this study was calculated to be 15 mg/kg/d; and the sample

PDR10 for the DAE was estimated as 58 mg/kg/d.35 As might

be expected, these values for the DAE were lower than those

for HVGO and the PDR10 values for the 2 insufficiently refined

LOBs.

Sample PDR10s for developmental toxicity end points with

the 2 insufficiently refined LOBs were 550 and 30 mg/kg/d.

Results from dermal developmental studies in rats with HVGO

and DAE followed a pattern similar to that with the 13-week

studies. The NOAEL for maternal and fetal effects of HVGO

was 125 mg/kg/d,33 close to its sample PDR10 of 157 mg/kg.

The NOAEL with DAE was <30 mg/kg/d; the BMD10 was

17 mg/kg/d; and the PDR10 was 15 mg/kg/d.34,36

Table 13. Mean Final Body Weight and Weights of Reproductive Organs in 13-Week Dermal Studies With S-461 and Related LOBs.

Sample (CASRN) Dose, mg/kg/d

Males Females

Body weight Testes Prostate
Prostate and

seminal vesicles Epididymides Body weight Ovaries Uterus

SDHPD 0 (sham-dosed) 506 3.33 1.12 1.38 293 0.14a 0.72
(64742-65-0) 1000 442b 3.49 1.07 1.41 293 0.15a 0.60

S-141 0 (sham-dosed) 366 3.42 ND ND 252 0.21 ND
(64742-65-0) 2000 372 3.23 ND ND 239 0.19 ND

S-300 0 (sham-dosed) 366 3.42 ND ND 252 0.21 ND
(64742-65-0) 2000 369 3.34 ND ND 247 0.18 ND

S-335 0 (sham-dosed) 379 3.74 ND ND 252 0.22 ND
(64742-65-0) 2000 378 3.62 ND ND 250 0.23 ND

S-345 0 (sham-dosed) 379 3.74 ND ND 252 0.22 ND
(72623-83-7) 2000 353 3.66 ND ND 243 0.19 ND

S-142 0 (sham-dosed) 443 3.884 ND ND 234 0.073 ND
(64742-70-7) 2000 392b 3.919 ND ND 233 0.079 ND

S-150 0 (sham-dosed) 488.4 3.441 0.835 1.320 257.8 0.078 0.568
(64742-54-7) 800 444.8b 3.469 0.968 1.340 259.0 0.082 0.568

2000 440.5b 3.324 0.806 1.314 253.8 0.081 0.630
S-461 0 untreated) 556.2 3.395 2.930 1.383 325.7 0.090 0.557

(8042-47-5) 0 (sham-dosed) 552.7 3.505 3.133 1.406 300.6 0.079 0.575
125 531.6 3.415 2.697 1.382 302.3 0.086 0.544
500 525.0 3.458 3.122 1.407 280.9 0.084 0.548
2000 488.4b 3.529 2.727 1.325 268.3b 0.102 0.534

Abbreviations: CASRN, Chemical Abstracts Service Registry Number; LOB, lubricating oil base stock; SDHPD, solvent dewaxed heavy paraffinic distillate; ND,
not determined.
a Ovaries and oviducts weighed together.
b Significantly different from sham-dosed controls, P < 0.05.
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Thus, as a worst-case assessment, it would be reasonable to

assume that the systemic or developmental toxicity of insuffi-

ciently refined LOBs would be similar to that of DAEs. How-

ever, variability in PAC content and toxicity has been seen in

other studies on PAC-containing refinery streams.19 If a par-

ticular untested LOB is designated as insufficiently refined but

is suspected to have low PACs, an assessment of that LOB can

be made on a case-by-case basis and requires that ARC data be

available to provide justification for a claim that the LOB is

sufficiently refined.

Systemic Toxicity With Repeated Exposures to
Sufficiently Refined LOBs

It was hypothesized that the DMSO-extractable aromatics rep-

resented the toxic constituents in insufficiently refined LOBs

and their removal would result in sufficiently refined LOBs

that would be nontoxic. The present results support that

hypothesis. Repeated dermal application of sufficiently refined

LOBs to rats (13-week exposures) and rabbits (3-4 week expo-

sures) consistently resulted in NOAELs for systemic toxicity in

the range of 1000 to 2000 mg/kg/d, typically the highest doses

tested. There were no consistent pathological changes. Liver

weights tended to be slightly increased in several studies, most

often in only 1 gender of the treated animals. However, as no

histopathological changes were seen in the livers, the effects on

liver weight were considered to be evidence of systemic expo-

sure but not toxicity. These results were consistent with 2-week

dermal exposures.15 Some treatment-related differences (eg,

lower body weight gain and lower weights of heart, testes, and

ovaries) were noted in the dermal studies with rabbits reported

here; however many of these were considered secondary to

dermal irritation. The effect on the testes in particular might

have been secondary to dermal irritation.37

Although dermal exposures are expected to be the most

common route of exposure with sufficiently refined LOBs,

inhalation exposures also occur, particularly in industrial set-

tings. The number of publications on inhalation toxicity studies

specifically on LOBs is limited, but several studies have been

performed on metal removal fluids (MRFs) that are formulated

using sufficiently refined LOBs together with performance

additives. Restricting this discussion to LOBs and not MRFs,

the only consistent effects in 3 separate 4-week inhalation

studies were increased lung weight and concentration-related

microscopic accumulation of foamy alveolar macrophages in

lungs.38 Although 1000 mg/m3 could justifiably be considered

the NOAEL for these 3 studies due to the non-adverse nature of

accumulation of alveolar macrophages in the lungs without

other accompanying effects, a NOAEL of 210 mg/m3 was cho-

sen because of increased lung weight. Supporting data were

obtained from14-day inhalation studies with 2 highly refined

base oils in which rats (both sexes) were exposed to aerosol

concentrations of approximately 50, 500, and 1500 mg/m3 for

6 hours/d, and no observable effect levels were >50 mg/m3.35,39

Further discussion of these and related inhalation studies is

available.40

Nonaccidental oral exposures to most sufficiently refined

LOBs are not expected, but ingestion is one of the intended

routes of exposure with WOs in foods, medicines, and cos-

metics. Numerous studies involving ingestion of WOs have

been previously performed. In subchronic studies, observed

increases in weights of liver, lymph nodes, and spleen at the

highest doses were associated with deposition of the lipophilic

oil and minimal pathological changes in Fischer 344 rats.41,42

Other rodent strains and species do not display this sensitivity to

ingested mineral oil.43,44 Extensive follow-up testing has

demonstrated a unique sensitivity of F344 rats to mineral oil

after ingestion, resulting in significant oil uptake, deposition,

and a characteristic histological response.44-49 The general inter-

pretation of these findings is that the granulomatous lesions

experimentally induced by WO feeding, particularly in the liver

of F344 rats, are exaggerated immunological responses peculiar

to this strain of rats and that the changes induced by WOs in

human are incidental and inconsequential.50 Little difference is

expected after ingestion of WOs or sufficiently refined LOBs

due to low PAC content in both types of oils.

One finding in the present subchronic studies that deserved

particular attention was that body weights of treated males

were significantly lower than sham-treated controls in 4 of the

8 studies; mean weights ranged from 87.3% to 90.2% of control

weights in these 4 studies. In contrast, body weights of females

were affected in only 1 of the 8 studies. These lower body

weights were not associated with pathological changes or, in

most cases, differences in organ weights. No association was

seen between the lower weights and other experimental vari-

ables as discussed in the Appendix. Given that and the fact that

lower body weights were not reported in publications of

repeated exposures of rats to sufficiently refined LOBs admi-

nistered orally or by inhalation, the differences seen with der-

mal administration were considered to be related to the mode of

dosing rather than to inherent toxicity of the LOBs. Since the

lower body weights might be linked to the experimental model

and did not appear to be associated with significant systemic

effects, these differences in body weights are not considered as

adverse, as suggested by European Centre for Ecotoxicology

and Toxicology of Chemicals (ECETOC).51 In other words, the

lower body weights could be used to set a LOEL for treatment-

related differences, but not a lowest observed adverse effect

level for adverse systemic effects related to the test substance.

Accordingly, the NOAEL for systemic toxicity following

repeated dosing was the highest tested dose (1000-2000 mg/

kg/d).

Sporadic differences in other end points were seen between

treated and controls animals in the subchronic dermal studies in

rats. These are also discussed further in the Appendix.

Developmental Toxicity With Exposures to Sufficiently
Refined LOBs

Here, 5 developmental toxicity studies with dermal dosing of a

sufficiently refined LOB or WOs in rats are reported. In each

case, no adverse effects were seen in either maternal or fetal
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end points. Although weight of the adrenals was higher in dams

treated with SDHPD, this difference was consistent with enlar-

gement of the adrenal glands due to chronic stress.52,53 Given

this possible reason for the difference, the small amount of

difference from controls, and the lack of signs of maternal

toxicity, the difference in weight was not considered adverse.

Therefore, the NOAEL in each study was the highest dose that

was tested (1000 or 2000 mg/kg/d). In addition, the NOAEC in

an inhalation study with a highly refined LOB (S-461, a WO)

was 1000 mg/m3. In an oral developmental toxicity study using

the same WO, the NOAEL was 5000 mg/kg/d. This NOAEL

was supported by a second, more limited, study. These NOAEL

and NOAEC values can apply to those LOBs that are suffi-

ciently refined and have low PAC content.

Additional information supporting the lack of developmen-

tal toxicity by LOBs was obtained from an article by Schreiner

et al54 on a study based on OECD Test Guideline 421. Treat-

ment with 1 mL/kg/d (*900 mg/kg/d) of mineral oil did not

significantly affect any of the measured end points. Further

supporting data are obtained from a reproductive/developmen-

tal toxicity study in Sprague Dawley rats.55 A white mineral oil

(food/drug grade highly refined, CAS No 8012-95-1) was used

as a vehicle control. Although there were no untreated animals

for comparison to the WO group, the results were considered to

be within normal limits. Consequently, these studies provide

supporting evidence that WOs do not produce developmental

effects.

Reproductive Toxicity Assessments With Dermal
Exposures to LOBs

The results from the developmental toxicity studies on suffi-

ciently refined LOBs presented here provide data to address the

developmental toxicity of these LOBs in the assessment of

possible reproductive toxicity. No significant effects were seen

in these studies. In addition, the weights of reproductive organs

were not affected in several subchronic dermal studies with

sufficiently refined LOBs (Table 13). Testes were examined

microscopically in 6 of these studies and ovaries in 1 study. No

histopathological abnormalities were noted. Thus, the available

data from both developmental and repeated-dose studies pro-

vide the information necessary to satisfy the HPV requirements

for reproductive toxicity assessments and indicate that repro-

ductive toxicity with sufficiently refined LOBs is expected to

be minimal.

Even for insufficiently refined LOBs, reproductive toxicity

does not appear to be a sensitive end point of toxicity compared

to developmental and repeat-dose toxicity. In a recent study,

high-boiling petroleum substances, including many with a high

PAC content, have demonstrated low potential to cause male or

female reproductive toxicity relative to developmental toxicity

and systemic toxicity (in repeat-dose toxicity studies).56

Further evidence of the low potential of insufficiently

refined LOBs to cause reproductive toxicity is obtained from

screening-level fertility studies of clarified slurry oil (CSO,

CAS No 64741-62-4, also known as catalytically cracked

clarified oil, syntower bottoms, and carbon black oil). This

refinery stream contains such high levels of PACs that it is

believed to be ‘‘worst case’’ by comparison to all other refinery

streams. When CSO samples are tested in developmental toxi-

city studies, they typically produce severe developmental

effects (resorptions, reduced fetal body weight, and cleft

palate) at levels below 5 mg/kg/d.57,58 In contrast, in screening

studies to assess the potential for CSO to affect male and

female reproductive parameters,59 there were no effects at lev-

els up to 250 mg/kg/d, the highest dose tested. These studies

add additional weight to the view that further tests of the poten-

tial for unrefined LOBs to cause reproductive effects are not

justified, because the critical effects, carcinogenicity and

developmental toxicity, which would be used to assess the

adequacy of current hazard control practices, have already been

characterized.

Conclusions

Because LOBs are a family of substances with variable com-

position, the amount and profile of PACs can differ among

various samples. As a result, mammalian toxicity with repeated

exposures, mutagenicity, and carcinogenicity have been shown

to vary with the PACs in the samples. The new data presented

in this article are related to the refining history and PAC con-

tent of each sample and add to the body of information indi-

cating low toxicity with sufficiently refined LOBs and potential

toxicity with insufficiently refined LOBs. The main conclu-

sions were as follows:

1. As with many other refinery streams with constituents

boiling principally above 343�C17-20, the effects of LOBs

on sensitive noncarcinogenic end points in subchronic

and developmental toxicity studies are related to PAC

content of the LOBs.

2. Insufficiently refined LOBs can produce target organ

effects and can also be developmentally toxic with

repeated dermal exposure.

3. The toxicity of insufficiently refined LOBs is associated

with the aromatic constituents, which are removed during

the production of sufficiently refined LOBs.

4. Additional testing of insufficiently refined LOBs was not

considered justified since they are already recognized as

potentially hazardous (carcinogenic and systemically

toxic). The doses of an untested sample that could result

in observable systemic or developmental effects can be

modeled using the PAC profile of that sample or esti-

mated by read-across from similar LOBs or refinery

streams.

5. Experimental NOAELs for systemic toxicity and devel-

opmental toxicity with repeated dermal exposures to suf-

ficiently refined LOBs were 1000 to 2000 mg/kg/d and

typically were the highest doses tested. Although local

effects can occur with repeated dermal or inhalation

exposures, those effects seem more related to the physical

presence of the oil rather than to inherent toxicity. The
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absence of toxicologically relevant findings was consis-

tent with the lower PAC content of sufficiently refined

LOBs.

6. Sufficiently refined LOBs as currently marketed would

not be considered hazardous, although testing or a thor-

ough knowledge of refining history is needed to verify

this designation. The data on sufficiently refined LOBs

presented here can be used for read-across to untested

sufficiently refined LOBs.

7. Lower body weights were observed in some 13-week

studies in rats with dermal dosing. These differences

appeared to be related to the experimental model and are

not adverse.

8. Sufficiently refined LOBs are likely to have little, if any,

effects on reproductive parameters.

9. It is unlikely that insufficiently refined LOBs would be

reproductively toxic, or at least not at dose levels which

would be likely to produce developmental toxicity.

10. Tested LOBs had low acute toxicity by dermal, oral, and

inhalation routes. Nonlethal effects in the acute studies

were minimal.

Appendix

Significance of Distillate versus Residual LOBs

The lighter distillate fractions from vacuum distillation (also

known as the ‘‘overheads’’) may be too volatile to be used in

manufacture of LOBs and are normally used for blending fuels.

Then there are a series of heavier streams (referred to as

‘‘vacuum distillates’’) which are separated by viscosity and

further refined to produce distillate LOBs. The residuum from

the vacuum tower, consisting of similar but more highly boiling

components (i.e., constituents that boil above *923 to 1,070�F
[495 to 577�C 60,61]), can be de-asphalted to produce a raw

residual LOB. The asphaltic fraction is used primarily to man-

ufacture commercial asphalts. The de-asphalted residual oil can

be further processed to make residual LOBs, products that

contain constituents similar to those in distillate LOBs, but with

higher molecular weights and viscosities.

The processes used to reduce PAC content are the same for

distillate and residual LOBs, yielding sufficiently refined

LOBs regardless of the origin of the oil. Some differences

related to molecular weight can exist, however, residual

streams are often thought to have lower levels of the carcino-

genic PACs than distillate streams because the increasing size

and complexity of the aromatics in the residual streams

decreases their carcinogenic potential. Lower carcinogenic

activity from biologically active PACs in residual oils com-

pared to distillate oils has been observed in skin-painting

assays.62,63 In addition, residual LOBs can have much lower

carcinogenicity than would be expected on the basis of the

amount of material extracted by DMSO with the IP346

method6, leading CONCAWE (Conservation of Clean Air and

Water in Europe) to conclude that the IP346 method is not

suitable for substances, such as some residual oils, that contain

large PACs (asphaltenes) and/or resins.7

Analytical studies of these de-asphalted vacuum residua

indicate that the aromatics they contain are predominantly 1-

3 ring compounds that are highly alkylated (paraffinic and

naphthenic). Because these alkylated 1-3 ring aromatics are

found in such a high boiling material (> 1070�F [577�C]), it

is estimated that their alkyl side-chains would be approxi-

mately 13 to 25 carbons in length. These highly alkylated aro-

matic ring materials are either devoid of the biological activity

necessary to cause mutagenesis and carcinogenesis or are

largely not bioavailable to the organism.4 Therefore materials

boiling above 1070�F are essentially non-carcinogenic.64 The

mutagenic/carcinogenic activity of some oils derived from

vacuum residuum is likely attributable to carcinogenic PACs

from contaminating heavy vacuum gas oil.4 Therefore, as with

other LOBs, an assessment of residual oils is needed to deter-

mine if they are sufficiently refined, but those that are suffi-

ciently refined are not hazardous.

Significance of Paraffinic versus Naphthenic LOBs

The Chemical Abstract Service (CAS) descriptions of LOBs

generally provide indications of refining history and composi-

tion. They often contain descriptive wording, such as "naphthe-

nic" (saturated ring hydrocarbons) or "paraffinic" (straight or

branched chain hydrocarbons), that relate to the crude source

and/or the predominant hydrocarbons present. The difference

between naphthenic and paraffinic LOBs is one of relative

percentage since naphthenes and paraffins are present in both

types of oils. The distinction between naphthenic and paraffinic

LOBs is primarily used to indicate parameters for product

applications and lubricant quality rather than health or safety

characteristics. There are no toxicological data to indicate that

a distinction between paraffinic and naphthenic LOBs is impor-

tant. Rather, our research program has shown that the saturated

constituents are essentially not toxic and observed effects are

related to the presence of PACs.

Among the streams produced as LOBs are manufactured,

aromatic extracts can be used as feedstocks for carbon black

manufacture or can be converted by catalytic and/or thermal

cracking to lower molecular weight material suitable for blend-

ing into fuels. Waxes can also be produced during the refining

of LOBs. When the waxes are derived from sufficiently refined

LOBs, as is the current practice in the United States, the result-

ing waxes do not contain toxic constituents, as described pre-

viously65 and illustrated in this manuscript.

Additional Justification of Dermal Route

Additional justification of the use of dermal dosing in toxicity

studies of sufficiently refined LOBs comes from studies on

repeated administration of clarified slurry oil (CAS No.

64741-62-4), a stream with much higher levels of PACs than

are found in LOBs or other types of petroleum-derived mate-

rials. This work provided indications that toxicity might be
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greater with dermal dosing than with oral dosing.36 Subchronic

studies with heavy paraffinic distillate aromatic extract (CAS

No. 64742-04-7), the aromatic material removed during refin-

ing of LOBs by solvent extraction, also provided evidence that

the test substance was more toxic with dermal administration

compared to oral administration based primarily on mortality

and clinical signs.35 Thus there are no indications that dermal

dosing would result in less pronounced effects compared to oral

dosing.

Lower Body Weight among Treated Male Rats in
Subchronic Dermal Studies

Although the lower body weights in some groups of treated

male rats (shown in Tables 7, 8, and 9) were treatment-related,

the reason for the lower body weights is not known and their

toxicological significance is uncertain. An effort was made to

identify possible causes, with the understanding that multiple

factors might be involved.

One possible factor was slight dermal irritation at the site of

treatment. Seven of the eight studies (those with LOBs identi-

fied as S-number) were performed at one laboratory. Among

those, the treated males in the three studies with significantly

lower weights also had some visible evidence of dermal irrita-

tion during the biophase, even if it was only sporadic mild

dermal irritation (Table A-1). In most cases, irritation observed

during the biophase was mild. Similar evidence of irritation

was not seen in the other four studies that had no significantly

lower body weights in the males. Some evidence of thickened

epidermis and chronic inflammation in the skin was seen his-

tologically in most studies, possibly resulting in part from clip-

ping and rubbing of the treatment site. Nonetheless, the

association of observed irritation with lower body weights

appears to fit a definite pattern among these seven studies.

In contrast, no dermal irritation was visually observed dur-

ing the biophase of the single study performed with SDHPD at

a second laboratory. Histologically, minimal epithelial hyper-

plasia was more common among the treated males in this study

(the group with lower body weight), but the association does

not seem as definite as in the other seven studies.

Other parameters were examined as possible factors in the

lower body weights, one being the age of the animals at the

beginning of dosing since it varied from 6 to 10 weeks. As seen

in Table A-1, the relation between age and lower mean body

weights was similar to that of visible irritation. Viscosity of the

sample was also evaluated as a possible factor that might influ-

ence both dermal irritation and/or body weight, the idea being

that the less viscous samples might have more effect on body

weight. Again its possible influence was not consistently appar-

ent (Table A-2). Examination of variations in the mode of

dosing similarly did not account for the lower body weights.

In short, no single factor was identified that clearly accounted

for lower body weights in treated males.

These lower body weights were not associated with patho-

logical changes or, in most cases, differences in organ weights.

Given that and the fact that lower body weights were not

reported in publications of subchronic exposures of rats to

highly refined LOBs administered orally or by inhalation, the

differences seen with dermal administration were considered to

be related to the mode of dosing rather than to inherent toxicity

of the LOBs. Since the lower body weights might be linked to

the experimental model and did not appear to be associated

with significant systemic effects, these differences in body

weights are not considered adverse here, an approach suggested

in ECETOC.51 In other words, the lower body weights could be

used to set a NOEL or LOEL for treatment-related differences,

but not a NOAEL for adverse systemic effects related to the test

substance.

Sporadic Differences among Treated Rats in Subchronic
Dermal Studies

As a separate, but related, issue, an assessment of variation in

sensitive endpoints was made for the dermal subchronic studies

in rats with sufficiently refined LOBs. During the development

of the PAC models, four endpoints were selected as the most

sensitive indicators of toxicity. These sensitive endpoints were

hematocrit, platelet count, relative liver weight (percent of

body weight), and thymus weight. Statistically significant dif-

ferences were seen in treated rats (doses >1,000 mg/kg/day) for

some of the sensitive endpoints with some samples (Table A-

2). Sporadic differences were occasionally seen with thymus

weight, platelets, and hemoglobin, but these differences were

not believed to be toxicologically important since they were not

consistently observed. Relative liver weight was increased in

several studies, but these relatively modest increases were not

considered adverse, particularly given the lack of histopatho-

logical effects. This variation in PAC-sensitive endpoints indi-

cates that an interpretation of results from the PAC models

should be done with the knowledge that such variation in

responses is possible with dermal application of high doses

of substances that contain low levels of PACs (such as suffi-

ciently refined LOBs).

Four-week Dermal Studies in Rabbits with API 83-12, API
83-15, and API 84-01

In the conduct of the studies on five LOBs (samples 87-099

through 87-103), each test material was held in place with an

impervious sleeve and non-irritating wrap for 6 hours, after

which the skin was wiped with a dry paper towel to remove

residual test material. Animals wore Elizabethan collars to

minimize ingestion of test material. In-life endpoints included

daily clinical signs, skin irritation (twice weekly), and body

weight and food consumption (twice weekly). Hematology

(11 parameters) and clinical chemistry (20 parameters) were

assessed at sacrifice. Animals were necropsied and the adre-

nals, brain, kidneys, liver, ovaries, and testes were weighed.

Thirty-nine organs were evaluated histologically.

In the studies on API 83-12, API 83-15, and API 84-01,

treated skin was covered with gauze after each dosing and

wrapped with an occlusive dressing for 6 hours. The coverings
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were then removed and the test site was wiped. Endpoints

during the dosing period included daily clinical signs and

weekly body weights. Dermal irritation was scored daily using

the Draize scale. Daily scores for erythema and edema were

added together for each animal. The mean of these summed

scores for each group during the entire 4 weeks of dosing was

calculated and referred to as the mean irritation score (MIS),

an indication of the severity of irritation during the biophase.

Endpoints at sacrifice included hematology (number of ery-

throcytes and white blood cells, WBC differential, hemoglo-

bin, and hematocrit), clinical chemistry (glucose, blood urea

nitrogen, alkaline phosphatase, SGOT, SGPT, and total pro-

tein), and gross necropsy. The heart, liver, spleen, kidneys,

adrenals, thyroids, pituitary, testes, ovaries, and brain were

weighed. More than 40 organs were examined histologically

in the control and high-dose groups. With API 83-12, the

testes and epididymides were examined in the other two dose

groups due to findings in the testes at the highest dose. Addi-

tional details on the methods used in these studies in rabbits

are available.22

Before discussing the results of the 4-wk studies, it is impor-

tant to note that both API 83-12 and API 84-01 had relatively

low viscosity (8.44 and 14.07 cSt at 40�C, respectively, as

shown in Table 2). Low viscosity is potentially significant for

two reasons. First, removal of aromatics from LOBs during

refining produces higher viscosity oils, so the low viscosity

values for these samples suggest that they were not sufficiently

refined although information on process history for these oils is

not available. Also, low viscosity can be related to dermal

irritation. API 83-12 and 84-01 had a high primary irritation

index (5.4 and 4.3, respectively) in acute dermal irritation tests

that were more severe than those currently used to establish

classification and labeling. Therefore significant irritation

could be expected with these samples in the 28-day studies.

Also, API 83-12 caused tumors in a skin-painting assay in

mice. In contrast, the viscosity of API 83-15 was much higher

(880 cSt at 40�C); its primary irritation index of 1.3 indicated

mild acute dermal irritation.

As could be expected based on acute dermal irritation stud-

ies, dose-related dermal irritation was seen in treated rabbits

during each of the 4-wk studies on API 83-12, API 83-15, and

API 84-01. As seen in Table A-3, MISs (mean irritation scores)

with API 83-12 and API 84-01 ranged up to 3.2 at the highest

dose, reflecting significant irritation. API 83-15 had lower

MISs. Significantly lower body weights were seen with API

83-12 on days 8, 15, 22, and 29 with males at the high dose and

females at the high and mid-dose. In addition to body weight,

the absolute weights of the heart, ovaries, and testes were lower

in the treated animals, as shown in Table A-3. Increased gran-

ulopoiesis of bone marrow was seen histologically with 2,000

mg/kg. Three males treated with 2,000 mg/kg had moderately

severe bilateral diffuse tubular hypoplasia (atrophy) of the

testes accompanied by aspermatogenesis and atrophy of acces-

sory sex organs. A similar change was noted in one control

male.

Similar differences in body weight and the weights of the

heart, testes, and ovaries were seen with both API 84-01 and

API 83-15, although statistical significance was not always

reached with the limited number of animals in each group. One

male treated with 2,000 mg/kg of API 84-01 had bilateral dif-

fuse tubular hypoplasia of the testes accompanied by asperma-

togenesis and hypoplasia of the epididymides. With API 83-15,

slight to moderately severe multifocal or diffuse hepatocyto-

megaly accompanied by minimal to moderate multifocal sub-

acute hepatitis was seen histologically in the liver of 9 of the 10

rabbits treated with 2,000 mg/kg.

The general interpretation of these three studies was that

most of the differences observed in the treated rabbits occurred

in the presence of significant dermal irritation and may well

have been secondary to that irritation and/or the stress of dos-

ing. Therefore these studies were not considered to demonstrate

significant adverse systemic effects from the LOBs.
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Table A-2. Viscosity (SUS at 100�F) and mean values for selected endpoints, expressed as percent of the mean value for the sham-treated
control group in the same dermal study. Data for groups treated with the highest dose of a given sample are shown.

Sample SUS at 100�F Body Weight Liver Weight Liver Weight/Body Weight Thymus Weight Platelets Hb

Males
S-461 80 88.4a 106.4 120.4a 74.2 104.4 102.5
S-142 100 88.5a 104.2 118.0a 85.6 102.5 95.1a

S-141 106 101.6 118.6a 116.7a 100.0 NDb 98.2
S-150 161 90.2a 94.5 104.9a 75.7a ND 101.2
WOLCCD 190 96.7 97.9 101.9 98.9 107.9 100.7
WOULSDF 190 98.3 97.9 99.4 94.5 102.1 98.7
S-300 290 98.1 105.5 107.6 105.7 ND 98.8
SDHPD 530 87.3c 90.5a 103.4 81.5 87.1a 103.8
S-335 640 99.7 101.5 101.7 105.5 ND 101.8
S-345 2,550 93.1 94.2 101.0 100.0 ND 101.2
Females
S-461 80 89.0a 99.4 111.1 76.3 96.2 102.0
S-142 100 99.6 121.3a 121.4a 104.9 114.8 99.4
S-141 106 94.8 108.0 113.9a 90.9 ND 102.5
S-150 161 98.4 114.1a 115.9a 98.1 ND 101.2
WOLCCD 190 96.1 105.3 109.7 104.1 98.8 99.3
WOULSDF 190 94.3 106.6 113.1a 97.7 107.9 101.3
S-300 290 98.0 109.7 111.8a 106.1 ND 100.6
SDHPD 530 100.0 112.0a 112.3c 130.2 96.4 98.8
S-335 640 99.2 107.2 108.3a 93.5 ND 100.0
S-345 2,550 96.4 107.6 111.2a 83.9 ND 101.2

a) Values for treated group were statistically significantly different from sham-treated controls (p <0.05).
b) ND indicates no data.
c) Values for treated group were statistically significantly different from sham-treated controls (p <0.01).
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