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PREFACE

This is one of a series of technical reports describing results of the experimental laboratory
programs conducted at the Toxic Hazards Research Unit, ManTech Environmental Technology, inc,
located at Wright-Patterson Air Force Base (WPAFB), OH This document serves as a final report on
the acute toxicity of quadricyclane The research described in this report began in May 1992 and was
completed in November 1992 under Department of the Air Force Contract No F33615-90-C-0532

(Study No F18) Lt Col James N McDougal served as Contract Technical Monitor for the U'S Air Force,
Armstrong Laboratory, Toxicology Division

The animals used in this study were handled in accordance with the principles stated in the
Guide for the Care and Use of Laboratory Animals, prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Animals Resources, National Research Coundil,
Department of Health and Human Resources, National Institutes of Health Publication #86-23, 1985,
and the Animal Welfare Act of 1966, as amended
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SECTION 1

INTRODUCTION

The Air Force s currently developing high energy density matter (HEDM) for use as advanced
rocket propellants (RP) The most near-term development effort s that of the strained-ring
hydrocarbons These compounds will be added to rocket propellant RP-1 {kerosene) to tmprove
performance An HEDM of immediate interest i1s quadricyclane Present plans are for producing a

rocket fuel mixture of 70% quadricyclane and 30Ys RP-1

Although quadricyclane (tetracycloheptane) 1s commercially avarlable, a toxicologic evaluation
of the compound has not been performed Quadricyclane will undergo metal 1on catalyzed
rearrangement to norbornadiene with the release of heat One of the components of the jet fuel
JP-9.15 R)-5, @ mixture of dimers of norbornadiene The acute oral toxicity of RJ) 5 has been evaluated
in this laboratory (Haun et al , 1978) A peroral dose of 4 g RJ-5/kg body weight (bw) administered in
corn oil to three rats was not lethal, however, two of three mice died following a 0 25 g/kg dose

Dermal toxiaity of RJ-5 was notinvesugated

Vernot et al {1990) reported acute toxicity data on a straight-run kerosene (without additives)
that has a shghtly higher boiling range than RP-1  Oral and dermal limit tests performed on the neat
kerosene produced no mortahty; however, the material was severely irritating to rabbit skin
following 24-h contact  Evaluation of eye irritation tests determined that kerosene was “practically
nonirritating “ Minimal irritation was noted at 1-h posttreatment; washed eyes had a shghtly higher
Draize score than unwashed eyes All appeared normal by 24-h posttreatment Dermal sensitization

studies were negative

The Air Force is in the process of screening various propellant candidates in order to select the
most promising for further development Toxicological hazard will be one of the major screening
cnteria  Promising candidates will be transferred to a Systems Program Office for engineering
development At that point, it 1S necessary to have initial data on chemical and physical properties,

explosive hazards, and toxicology

The objective of this study s to provide acute hazard information on quadricyciane to the
industrial hygienists at Edwards Air Force Base who are responsible for the safe handling of this
material Acute oral and dermal studies will be performed to provide information on daccdentat

exposure by these routes

RN
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SECTION 2

MATERIAL

ANIMALS
Fischer 344 (F-344) male rats, 101 to 125 g, were purchased from Charles River Breeding Labs,

Kingston, NY Male New 2ealand white (NZW) rabbits weighing between 2 and 3 kg were purchased
from Myrtle Rabbitry, Thompson Station, TN All animals were identified by tattoo and were
subjected to a 2-week acchmatization period Rats were group housed (three per cage) in clear plastic
cages with wood-chip bedding The rabbits were housed individually 1n suspended, wire-bottom,
stainless steel cages Water and feed {Purina Rabbit Chow #5320 and Purina Formulab #5008) were
avallable ad hibitum, except for 16 h prior to oral dosing Animal room temperatures were

maintained at 21 10 25 °C, and the light/dark cycle was set at 12-h intervals

TEST AGENT

The quudricyclane test compound was purchased from Aldrnich Chemical Co, Inc  Pertinent

physical and (hemacal properties are listed below

CAS number 278-06-8
Appearance Colortess liquid
Empirical formula CiHyg

Formula weight: 92 14

Boiling point: 108 °C

Specific gravity 0919g/mL
Purity. 99%

RP 1 (kerosene) will make up approximately 30vs of HEDM fuel mixture The RP-1 sample was
provided by the Air force and consisted of approximately 20% solvent-refined heavy naphtha and

80“s hydrotreated light petroteum distillates

Boiling point: 185-221°C
Vapor pressure: approx 4 mmHg @ 25 °C
Specific gravity: 0 800 g/mlL

Saline, sodium chionde irrigation, USP, for use as a negative control, was purchased from Abbott

Labs, North Chicago, IL




SECTION 3

EXPERIMENTAL APPROACH

ORAL TOXIQITY
Male F-344 rats were fasted approximately 16 h prior to the administration of the oral dose

Each rat was weighed prior to dosing and the test substance was administered on a g/kg bw basis
Prior to treatment, the animals were randomized using a proprietary modular software system
(Path/Tox® System, Cedar Knolls, NJ) that assigns animals to groups The doses were as follows

five ratsat 1 7 g/kg rocket fuel mixture*

five rats at 4 3 g/kg RP-1 (kerosene)

five rats at 3 5 g/kg quadricyclane

five rats at 5 0 g/kg saline (control)

* The rocket fuel mixture (prepared n house) contained 30% RP-1
and 70% quadricyclane

The body weights of surviving rats were measured at 1, 7, and 14 days posttreatment On the
14th day posttreatment, the rats were sacrificed and gross pathology was performed Additionally,
sections of liver, stomach, small and large intestine, and kidneys were sampled for histopathologic

examination

Blood was sampled from all rats prior to gavage treatment for alanine aminotransferase,
aspartate aminotransferase, and lactate dehydrogenase evaluations in addition, red cells,
hematocrit, and hemoglobin values were determined These evaluations were again determined

following the 14-day posttreatment observation period

A one-factonial repeated measures analysis, and multiple comparisons using Ryan-Einot.
Gabriel-Welsh multiple F-test (SAS Institute, Inc, 1985), were used to analyze bw. Clinical pathology
parameters were analyzed by a one-factonal analysis of covariance (SAS Institute, Inc, 1985)
Histopathology results were analyzed using a two-factornial analysis of vanance with multivariate

comparisons (Barcikowski, 1983)

DERMAL TOXICITY

Dermal toxicity was determined on the rocket fuel mixture only The backs and sides of five
male rabbits were clipped prior to dosing A dose of 2 g rocket fuel mixture/kg bw was appled to the
backs of the rabbits and spread eveniy to both sides The dose was kept in place by applying an eight-
ply gauze patch over the test substance A dear plastic wrap was then applied over the entire

midsection and was held in place with Vetrap (3M, St Paul, MN) and elastoplast tape The test
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material remained in contact with rabbit skin for 24 h at which time the tape, plastic wrap, and
gauze were removed and the residual test maternial was wiped trom the skin  Records were kept of
body weights (at time ot dosing and on Days 1. 7. and 14 posttreatment), signs of toxiaty, and

mortality Gross pathology was pertormed at the termination of the study (Day 14)




SECTION 4

RESULTS

ORAL TOXICITY

The group of tive F-334 rats gavaged with 3 5 g quadricycdlane/kg bw all died withun 24
following treatment  Three rats died overnight while the other two died the following morming  All
quadricyclane-treated rats were prostrate immediately tollowing dosing and remained so until death
Five male rals gavaged with 1 7 g rocket fuel mixtureky bw were prostrate through 24 h
posttreatment. but returned to narmal appearance and activity 0N Day 2. and all survived the 14 day
posttreatment observation pernod Body weight (0ss on postireatment Day 1 retlects the tack ot food
or water intake during the 24 b period immediately following treatment  The group of five rats
gavaged with 4 3 g RP-1/kg bw showed No signs of toxic stress. but had a shight depression in body

weightgamn (Table 1) Al RP 1 treated rats survived the 14 day posttreatment period

Biood parameters measured on all rats prior 1o treatment and on suivivors ot 1d-duys
posttreatment showed no treatmen: related ditterences when compared 1o the sanne contron group
Because all guadricydane treated animals died NO postifeatment biood determinations wefe

perturmed

Results trom the nistopathologic examinatior of the fissues removed toilowing death were
eguivocal T ysues removed trom three of the dead guatrnicydane treated aniMuals wele autolybic
W precaled evaiuatior of subtlie changes  Tissues from the two remaining animals that died
(these were necropsied mMmMediately atter death) appeared to be normga! Tissues from the remuaiming

arMary sacr eed tolowiryg tre T3 day observation period were all normal

DERMAL TOXICITY

One of the t ve rabbits treated dermally with 2 g rocket fuel mixture/kg bw for 24 h died of
acc-dental injury dauning the trestment period  The four remaining rabbits survived the 14 day
observatiun period und uppeared normal upon gross observation  Body weight gains during the

14 day 0bservat. 0N penod appeared nofmal (Table 2)
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TABLE 1. BODY WEIGHTS (g) OF RATS FOLLOWING ORAL GAVAGE

Day
Group Animal # -3 0 1 7 14
Saline 17 164 6 1620 176 9 191 0 2133
22 1670 1635 176 4 197 4 2132
10* 189 4 196 1 197 7 2141 2330
15 159 3 154 9 167 8 1823 2021
04 176 7 174 2 1855 2000 2169
Mean 171 4 1701 1809 197 0 2157
SD 119 16 0 113 118 114
RP-1 21 157 7 1539 1631 174 8 190 2
23 1791 1759 1818 193 6 214 2
09 164 3 158 6 1712 1789 199 8
19 173 4 167 9 179 0 196 3 2155
20 171 4 171 6 1732 192 5 207 S
Mean 169 2 165 6 173 79 187 2v 205 4
SD 83 91 73 97 1Je
Mixture 03 184 2 179 8 163 3 189 1 2160
13 164 9 159 7 1421 1815 208 2
07 1635 157 0 143 1 1831 211 4
16 177 8 1727 158 8 195 7 2341
08 160 0 1575 1415 1827 2102
Mean 1701 165 3 149 8u 186 4t 216 0
SD 104 103 104 60 105
Quadricyciane 02 184 4 1824 RN
01 166 3 160 6 et
14 1634 1574 et
06 1752 167 4 156 6 seeet
18 1539 149 3 140 6 et
Mean 168 6 163 4 148 6
SD 116 124 113
LM AGS T T Tastel L T et et
gt tanty i tterent b sanne contonl gt pe U 0S
Segiaticgr by g tterent boomosatite Controrat p<y 0!
AT aided proof to weigh iy
TABLE2. BODY WEIGHT (k% OF RABBITS FOLLOWING DERMAL APPLICATION OF
2 g ROCKET FUEL MIXTURE/kg bw
Day
Animal # 0 1 7 14
0 26 24 27 28
02 25 23 27 27
03 29 27 29 30
04 27 25 26 28
05 27 24 ..o
¢ Animal died ot selt inflcted injury )
10
o ] ] L o o
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SECTIONSS

DISCUSSION

Death toilowing ofu guvage 0! 35 g Quudricydane/kg was rapid and no turget organs of
tomicily were 1agent hed  Rals dosed with the rocke! tuel mixture survived the 14-day observation
Penod and NU gruss OF MILTOSOPC tesioNs were observed  Although an oral LD.,, ot quadricydane
cannot be calculated trom this mited data. the results of the assay with the rocket fuel mixture
containing 0 7 g quadricyclane per g mixture and the neat quadricyclane indicate an LD., between
119 and 35 g+tg The maximum toxiGity rating that would be assigned to this compound s
moderateiy toxic which indudes compounds with oral LDy,s ranging between 05 and 5 0 gikg
(K.aassen and Douil 1980) The chinical signs produced following oral ingestion of quadnicydane are
consistent with an effect on the central nervous system (CNS) However, because of the rapid onset of
prostration .n these animats, behavioral signs typical of CNS toxiaty were not observed  Examination
ot ammals treated at the lower dose level indicates that the toxic eftects ot low doses of this

ompound are reversibie with noindication of tissue damage noted 14 days posttreatment

ingestion of these guantities of quadricyclane (12 1o 35 gikg) could be eguated 10 a 70 ky
man drnking 3 to 8 0z of the compound, @ quantity not likely 10 be ingested acc-dentally  However,
ingestion of even small Qquantities of the compound. especidliy the rocket fuel mixture which contains
kerosene (ould be aspirated. resuiting 10 Cyanosss lachyCardid tadhypnea and possibly  chemical
pneumomt s riydrocarbon or chemicdal induced pneumonias NnorMmally devetop within 23 h ot the

ingestion and usually require several weeks tor compiete resotution

The ruceet fuel mixture 1s not lethal when in contact with rabtat skin for 24 h gt the EPA limit
guse ot 2 gxg In this study, the rabbit skin surtace 1n contact with the compound represented
approximatel, ‘. of the totat body surface of the rablit f one relates this body exposure to
numans. 1 would be somewhat similar to having both legs (or 13“c of total body surface, excluding
feet) (Berkow. 1931) exposed to the rocket fuel mixture Both hands (5%.) or both arms (13 SYy)
would serve as other means of comparative dermal exposure Bartek et al , (1972) determined that
rabbit skin was much more permeable to toprcally apphied compounds than was human skin
Theretore, it percutaneous absorption of the rocket fuel mixture was not a hazard 1n the rabbit, the
possitility ot toxc effects by this route in humans 1s unlikely In general, prolonged contact of

kerosene or related hydrocarbons with skin may result inirritation, drying, and dermatitis
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SECTION 6
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QUALITY ASSURANCE

The study, "Acute Toxicity of Quadricyclane," was conducted by the
ManTech Environmental Technology, Inc., Toxic Hazards Research Unit
under the guidance of the Environmental Protection Agency’s Good
Laboratory Practices Standards, 40 CFR 792. No claim will be made
that this was a "GLP" study as no attempt was made to adhere to the
strict requirements of those standards.

The various phases of this study were inspected by members of the
Quality Assurance Unit. Results of the inspections were reported
directly to the Study Director at the close of each inspection.

DATE OF INSPECTION ITEM INSPECTED

August 5, 1992 Animal QC (Lot# K81)

August 18, 1992 Pre-dosing blood specimens and
gavage.

September 1, 1992 Animal sacrifice and 14-day
post-dosing blood specimens.

November 17-19, 1992 Data and final report audit.

December 8, 1992 Audit response review.

January 8, 1993 Audit response review.

The Quality Assurance Unit has determined through review process
that this report accurately describes those methods and standard
operating procedures required by the protocol and that the reported
results accurately reflect the raw data obtained during the course
of the study. No discrepancies were found that would alter the
interpretations presented in this Final Report.
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M. G. Schneidéer

QA Coordinator

Toxic Hazards Research Unit
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