
fetal development studies, via an indwelling femoral catheter, have been 
developed in this laboratory. The continuom infusion of females during the 
period of major organogenesis presents challenges (i.e., mating of tethered 
animals, size of jacket, choice of control article/carrier and infusion rate). 
The protocol compared a naive group, a tethered (non-surgical) group and 
two infusion groups. Femoral vein cannula~ were surgically implanted in 
anesthetized female rats. After recovery, they were paired with proven male 
breeders. Presumed pregnant females were assigned to a naive control group 
of 25 rats, a tethered control group of 10 rats, a 0.9% saline group of 25 
rats and a 5% dextrose group of 25 rats. The infusion groups (0.9% saline 
and 5% dextrose) were maintained on a constant infusion rate of 0.3 ml/ 
hour from surgery through a seven-day recovery period, during mating and 
continuing until day 6 of gestation. From gestation day 6 until the scheduled 
\aparohystereclnmy on gestation day 20 the infusion rate was approxim~tely 
l .5 ml/kg/hour. Maternal status was evaluated by monitoring body weight, 
food consumption and clinical signs. Laparohysterectomics were performed 
on day 20 post conception. Maternal body weight and body weight gain 
inhibition (of -10%) occurred throughout the infusion period in both the 
0.9% saline and 5% dextrose groups. However, non-pregnant animals also 
gain weight less rapidly following cannulation. Otherwise, animals displayed 
no clinical sigm of ill health. Slight decreases in the mean number of corpora 
lulea, implantation sites and % per litter of viable fetuses were observed in 
the 0.9% saline group and 5% dextrose group. A slight, but not statistically 
significant, increase in prenatal mortality(% per litter) was also noted in the 
5% dextrose group. Fetal examinations did not reveal differences in the 
incidence of external, visceral or skeletal malformations or developmental 
variations. 

11324 I CONTINUOUS INFUSION IN REPRODUCTIVE STUDIES, 
TO ADORN A TAIL. 

S K Clubb and K P Hazelden. lnverr.\'k Research, Tranenl, Scotland. 
Sponsor: A B Wilson. 

There is much interest in using continuous intravenous infusion as a means 
of administering certain types of dmg in toxicological testing. Potentially, 
reproductive studies present problems for this route of administration. For 
example, physical interference with actual mating and extraneous effects on 
the outcome of pregnancy (embryo- or foeto-toxicity) are major concerns. 
Inveresk Research has already been performing conventional toxicity studies 
in rats by continuous infusion, using a tailcuff system. The dosing cannula 
is implanted through the femoral vein and exits from the tail, protected by 
a metal cuff and flexible conduit, leading to an infusion pump located outside 
the cage. It was decided to apply this system to reproductive studies, initially 
in fertility and developmental toxicity studies in rats. lnveresk has conducted 
a validation study in which a typical group of at least 20 female rats were 
cannulated, continuously infused with saline at 8 ml/kg/hour for 2 weeks 
prior to mating, mated to untethered males, continuing on infusion until 
sacrifice at day 20 of pregnancy. Their pregnancies were then evaluated as 
for a developmental toxicity study. The re.~ults of this work demonstrate that 
there was no adverse effect of this administration tcchni4ue on mating success 
or on the outcome of pregnancy. Further studies are to be completed using 
cannulated males and modelling other typical reproductive study designs. 
Rabbit developmental toxicity studies will also be addressed, but a jacket 
system will be used for this species. 

113251 DEVELOPMENTAL TOXICITY OF L-PHENYLALANINE IN 
INT ACT DROSOPHILA. 

D W Lynch. Experimental Toxicology Branch, DBBS, NIOSH, Cincinnati, 
OH. 

In order to further characterize the Drosophila bioassay for screening develop­
mental toxicants. I-phenylalanine (LPA; CAS 63-91-2), a documented human 
and animal teratogen, was evaluated using our published protocol (Teratogen­
esis, Carcinogenesis, and Mutar:enesis l \: !47-173, 1991 ). Drosophila were 
exposed throughout development (egg through third instar larva) in culture 
vials to medium containing 0-140 mg/vial LPA. Each vial contained lg of 
powered medium and 5ml of distilled deionized water or a solution of test 
chemical in water. A mated, untreated, Oregon-R wild-type female (Mid­
American Drosophila Stock Center) was added to each culture vial and 
allowed to oviposit for 20 hours, then removed. Emerging offspring were 
collected over 10 days, and examined microscopically (25 X) for bent humeral 
bristles and wing blade notches, morpohological defects shown to occur with 
an increased incidence in files exposed to developmental toxicants. Mortality 
ranged from 330(, in the controls to 75% in the 140 mg/vial LPA group. The 

incidence of bent bristles was statistically increa.~ed (p<0.05) compared to 
concurrent control~ (chi-~quarc) at all LPA concentrations. and ranged from 
1.0% (2/209) in the controls to 8.4% ( 10/119) in the 123 mg/vial group, the 
estimated LC0• l\'o wing blade notches were ohserved. These results provide 
additional support for increased utilization of this te~t as a prescreen for 
developmental toxieants. 

113261 EVALUATING MECHANISMS OF ACTION OF 
DEVELOPME:'ff TOXICANTS USING FETAX AS A 
MODEL. 

DJ Fort, T Propst. and E L Stover. The Stover Group, S1il/water, OK. 

The mechanisms of action of 2-acelylaminofluorene. coumarin, and 4-bromo­
henzene were evaluated with FET AX and an exogenous metabolic activation 
system (MAS). Cimetidine (CIM}. ellipticine (ELL)'. and carbon monoxide 
(CO) were used to selectively modulate P-450 activlly. Cyclohexene oxide 
(CHO) and diethyl maleate (DM) were used lo selectively modulate epoxide 
hydrolase and glutathionc conjugation, respectively. Addition of the ELL- and 
CO-inhibited MAS inhibited bioactiva1ion of the Lest compounds. Addition of 
the CIM-inhibited MAS did not alter bioactivation of the test compounds. 
Addition of the DM- or the CHO-inhihiLed MAS dramatically increased the 
developmental toxicilie~ of coumarin. 4-bromobcnzcne. and 2-acetyl­
aminofluorene (OM-inhibited MAS only). These re~ul!s suggested that ELL­
inhibited P-450 (arylhydrocarhon hydroxylase) was responsihle for Lhe bioac­
tivation of coumarin. 4-brnmobenLene. and 2-acetylaminoftuorcnc. Further­
more, increased toxicity of 4-hromobenzene and coumarin following co­
incubation with the DM- or CHO-inhihitcd MAS suggested that a highly 
toxic epoxide intermediate may he produced from oxidative P-450 biotrans­
formation and that glutathione may play a role in conjugation. Oxidative 
biotransformation of 2-acetylaminol-Juorene did not appear to produce an 
epoxide intermediate, however, glutathione may assist in detoxification of 
the bioactivatcd metaholite(s). 

11327 I DEVELOPMENT OF WHOLE-EMBRYO LIMB 
DEVELOPMENT ASSAY USING XENOPUS IAEVIS. 

EL Stover and DJ Fort. The Stm·er Group, Stillwater, OK. 

Short-tenn, static-renewal studies were perfonned from day 5 (Stage 46) to 
day 26 (Stage 54) [21-d te~t] with thalidomide. cnpp<'r. ar.etylhydrn:,ide., 
6-aminonicotinamide, and semicarbi:,ide to evaluate effects on hind limb 
development in Xenopus laet•is. Both copper and thalidomide caused abnor­
mal development of the hind limbs at concentrations of 2=0.5 mg/L and 
2=:JO.O mg/L, respectively. Malfonnation of the hind limbs were primarily 
characterized as reduction deficiencies with copper and thalidomide. No 
development was noted distal to the femur in X. laevis larvae exposed to either 
thalidomide or copper at concentrations 2'.. l .O and 2=:0.5 mg/L, respectively. 6-
aminonicolinamide also induced limb reduction deficiencies at concentrations 
2=: 100 mg/L, however, in the form of adactyly. Acetylhydrazide and semicar­
bizide primarily induced flexure defects of the hind limb. re.\ulting in com­
pletely developed twisted limbs at concentrations 2'..25 and 2=:J JO mg/L, 
respectively. Based on these results. the shon-term Xenopus limb assay 
developed to compliment the standard Frog Embryo Terntogenesis Assay­
Xenopus (FET AX) test appears to he capable of screening for development 
toxicants, as well as studying mechanisms of action. 

113281 DEVELOPMENTAL TOXICITY SCREENS OF MILITARY 
PROPELLANTS USl;\G H\·dra uttenuata. 

PD Confer1
·
1 and RE Wolfe!.> 1 GEO-Ce11ters, Inc. and 'ManTech 

Environmt'ntal Technology, Inc .. )Toxicology Division, Ar111.1·1ronr: 
Laboratory, Wri&ht-Palferson AFB, OH. 

In vitro developmental toxicity screens were performed to determine the 
developmental hazard indexes (A/0 ratios) for li4uid propellant XM46 (LP), 
ammonium dinitramide (AON) and ammonium perchlorate (AP) u.~ing the 
hydra assay. Hydra allenuata is the mosl primitive invertebrate composed 
of complex tis~ues and organs and it is the highe~t form that has the capability 
for whole hody regeneration. In the hydra assay, both adult Hydra attenuata 
and "artificial embryos," composed of disassociated Hydra alfenua/a cells, 
were exposed to each tesl compound to investigate potential developmental 
toxicity. The AID ratios for LP, AON and AP were determined to be L25, 
2.14 and 1.71. respectively. By definition, a low A/D ratio (<3) predicts a 
tC.\t chemical being toxic to an emhryn only at levels that will also cause 
toxic sign~ in the adult animal. Therefore, the AID ratios for LP, AON and 
AP demonstrate that these propel!ants should not be considered primary 
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