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ABSTRACT 

The spontaneous rate of congenital cardiac defects in the commonly used 

Sprague-Dawley rat has not been extensively researched. The incidence of 

general congenital defects has been studied thoroughly and reported as very low 

incidence in this rat. Teratology studies using mammalian models are of increasing 

importance as the number of environmental contaminants increases. It is essential to 

know the spontaneous congenital cardiac defect rate of this most common 

mammalian model in order to plan statistically appropriate research protocols. 

Using a thorough and detailed method of evaluating the structure of the 

Sprague-Dawley fetal rat heart, 624 fetal rat hearts were examined at term, just prior 

of delivery. The overall incidence of spontaneous congenital cardiac defects is 2.3%. 

This is similar to the incidence in Man and thus enhances the suitability of the 

Sprague-Dawley rat as a small mammalian model for research into factors affecting 

cardiac development. 
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INTRODUCTION 

There has been very little information reported in literature regarding the 

specific effect of environmental contaminants in the development of the heart. It was 

because of the importance of further research on the teratogenic effects of many of 

these pollutants that this project was undertaken. The aim of this research was a 

detailed and indepth examination of spontaneously arising cardiac defects in the 

Sprague-Dawley rat. The Sprague-Dawley rat is well documented as having a low 

incidence of general congenital defects. (Kalter, 1968; Palmer, 1972; Perraud, 1976; 

Tuchmann-Duplessis, 1975; Wilson, 1973b; Wilson, 1978) A survey of literature 

has revealed that most reports are prior to the 1980's. In none of these reports was 

the incidence of heart defects specifically addressed. Prompted by two 

epidemiological reports linking heart defects in humans with water contamination, a 

recent study by Dawson et al (1990) has looked at congenital heart disease induced 

by these compounds in the Sprague-Dawley rat. The Dawson et al study 

generated a large number of Sprague-Dawley rats used as control animals. This 

population served as a basis for this research project. 

This project involved the refinement and further development of the methods 

of surgery and evaluation of the heart, as used by Dawson et al (1990). The 

techniques used to evaluate the heart involved in situ inspection and gross 

dissection using a high powered stereoscopic light microscope. The protocol was 

similar to that used in the examination of human hearts at autopsy, enabling good 

visualization of all chambers, valves, septa, etc. 

It was not within the scope of this research to determine the mechanisms 

behind these defects, but rather the types of defects which can occur spontaneously 
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in the Sprague-Dawley rat; either untreated or surgically manipulated. Standard 

teratologic protocol was followed in the study. 

REVIEW OF LITERATURE 

The incidence of congenital heart defects in man is approximately 20:1000 in 

the general population (Moller, 1990; Moore, 1989). This level is similar to that 

found in rats, but this is not well documented.(Kalter, 1968; Palmer, 1971; Perraud, 

1976; Shepard, 1968;Tuchmann-Duplessis, 1975; Wilson, 1973b; Wilson, 1978) 

Two broad categories of factors associated with congenital cardiac defects are 

genetic and environmental. Research is active in both areas, especially due to the 

increase in environmental awareness and the possible teratogenic effects of some 

contaminants. Teratology is the study of the adverse effects of environment on 

developing systems, that is, on germ cells, embryos, fetuses, and immature post 

natal individuals" (Wilson,1973a). Although general teratogenic effects are studied, 

many protocols do not look at the substance in question as a specific cardiac 

teratogen.(Perraud, 1976; Palmer, 1972; Taylor, 1986; Wilson, 1977; Wilson, 

1978) This may be in part due to the lack of a practical and thorough method of 

evaluating fetal hearts of rats (a primary research animal used in teratogenic studies), 

and the lack of information as to the incidence of spontaneous congenital heart 

malformation in these experimental animals. 

The rat is one of the most commonly used small animals in cardiac research. 

(Gardner TJ, 1988; Wilson, 1973b) The rat is utilized in teratogenic studies because 

of its genetically uniform strains, well documented reproductive cycles, gestational 

stages, multiparity, and high fertility rate.(Burlingame, 1944; Goss, 1940; Green, 
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1966) Rats are also relatively inexpensive to purchase and maintain. The life span 

of a rat is approximately 3 years, which is equivalent to a 90 year old man. Sexual 

senility occurs at approximately 11/2 years in the rat. This coincides with 

menopause at 45 years in the human. (Donaldson, 1924) Thus, the stages of life of 

the rat and human can be compared. 

The rat reaches puberty between days 50-60 with successful copulation 

possible early in puberty.fTaylor, 1986) Rats are polyestrous, with estrous lasting 

between 4-5 days. Estrus (cornified epithelial cells) lasts approximately 12 hours 

followed by approximately 1 day of metestrus (decreased cornification with 

lymphocytes present), and 1-2 days of diestrus (cornified cells with increased 

lymphocytes). This is followed by proestrus in which the vaginal smear contains 

predominantly epithelial cells. (Donaldson, 1924; Hafez, 1970; Harkness, 1989; 

Tayior, 1986) This short and easily followed estrous cycle allows for accurate 

monitoring and breeding with a known gestational start date. This is very important in 

teratogenic studies so that accurate dates of treatment can be made with respect to 

the stage of development. 

The mating behavior of the rat is predictable. It has been reported that rats 

have an 88% success of mating with 99% of those mated producing viable 

fetuses.(Harkness, 1989) The gestational period is between 21-23 days. 

Muciparous litters range from 6-14 fetuses, with an approximately equal ratio of 

males to females. (Harkness, 1989) The studies by Dawson et al (1990) also 

confirm the litter size and range. 

Although it is accepted that "no animal test and battery of tests will provide 

complete assurance in the prediction of human teratologic risk" (Moore, 1982), the 

similarities in the critical periods of embyrogenesis and organogenesis in humans and 

rats render the rat as an excellent non-primate choice for the study of teratogenic 



11 

effects on the developing fetus. (Wilson, 1973a; Witchi, 1962) Figure 1 

summarizes and compares the critical periods of development of the rat and man. 

The embryology of the development of the rat heart is documented in 

depth.(Burlingame, 1944; Taylor, 1986) Stages in development are similar to 

those of the human heart. (Luisada, 1961; Pyle, 1979) The heart tissue originates 

from splanchnic mesoderm and forms a tube. This tube undergoes a figure eight 

type of contortion and folding to ultimately become four chambered. It is the growth 

of ridges and pads that form the septa and valves of the normal functioning 

heart. (Graham, 1988; Witchi, 1962) It is the sequence of development of the 

heart that determines when problems arise and specific defects may occur. "In the 

broad sense, congenital heart disease includes all structural cardiac abnormalities or 

potential abnormalities that may be inherited or acquired in utero." (Sherman, 1963) 

The mechanisms of these defects vary (ie. malformation, mutation, deformation, or 

disruption of normal tissue).(Graham, 1988; Wilson,1977 ,V1; Wilson, 1973 a) In all 

cases of resesarch on the Sprague-Dawley rat heart it is essential to know the 

background incidence and types of congenital defects which appear to occur 

spontaneously. This project provides this information. 

METHODOLOGY: 

MATERIALS 

1. A total of 68 sexually mature Sprague-Dawley female rats, weighing 225 ± 

30g and 4 sexually mature male Sprague-Dawley rats comprised the study 

group. The rats were housed and cared for according to IACUC standards in 

the University of Arizona Animal Care Facilities. The female rats were kept in 
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pans of 4, while the males had individual cages. All were fed a Teklad 4% 

Mouse/Rat diet ad libitum. Water was in constant supply. 

2. Alzet osmotic mini-pumps from the ALZA Corporation were used to 

continuously deliver the physiologic saline for the IP and IU groups. Models 

2001 (delivering 1.0 ul/h for 7 days) and 2002 (delivering 0.5 ul/h for 14 

days) were filled with 200 ul of 0.9% NaCI prior to surgery. 

3. The catheters attached to the 2002 Alzet osmotic mini-pump were 0.030 

silastic tubing approximately 3 cm long. The distal tip was beveled for easy 

placement into the uterine lumen. 

4. Surgical instruments were cleaned and cold sterilized prior to each surgery. 

Blades(#15) and suture (5-0 Chromic Gut) were of new packets for each 

surgery. 

5. Standard betadine scrub and rubbing alcohol were used to aseptically 

prepare each patient for surgery. 

6. Ethyl Ether (anesthesia grade from Fisher Scientific) soaked cotton in a glass 

dessicator was used as the initial anesthesia chamber. After the animal was 

anesthetized, depth was maintained and regulated using an open air system 

with an ether soaked cotton pad in the base of a small beaker placed over 

the muzzle. 

7. Recovery chamber was a well padded, draft free cardboard box. This 

provided warmth, and a quiet environment for the animals to awaken in. 

8. Optivisor, model DA-7 : Donegan Optical Company, Inc. 

9. Calipers-Sylvac Fowler Ultra-Cal II: Lux Scientific Instruments Corp. 

10. 0.1 mol/l Phosphate buffer: Delbecco's Phosphate, Gibco Laboratories 

11. 2.0% Gluteraldehyde: Gluteraldehyde, Tousimis Research Corp. 
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12. Alizarin Red Bone Stain: Potassium Hydroxide, Alizarin Red-S stain, 95% 

ethanol, Glycerine (Fisher Scientific) 

METHODS 

The methods used in this study were developed by B V Dawson, P D 

Johnson, and others to evaluate the effects of hydrocarbons on the developing fetal 

rat heart.(Dawson, 1990) Many of the fetal hearts reported here were included as 

controls in that study. The main emphasis of this study is to establish the incidence 

of spontaneous congenital cardiac defects. This is demonstrated initially in a totally 

untreated group of female Sprague-Dawley rats. Using three other groups, the 

experiment was designed to test the effect of surgical manipulation (methods 

commonly used in teratology studies) and any influence this might have on the 

developing heart. The groups are as follows: 

1. No treatment (20 female rats) 

2. Intra-uterine saline delivered by osmotic mini-pump and catheter during the 

period of organogenesis (12 females) 

3. Intra-peritoneal saline delivered by mini-pump during the period of 

organogenesis (11 females) 

4. Intra-peritoneal saline delivered during the period of embryogenesis (11 

females) 

Daily vaginal smears were taken on all females to determine stages of the 

estrous cycle. When in the appropriate stage (proestrus) the female was placed in 

the cage with one male overnight. The following morning she was removed and 

another vaginal smear taken. The presence of a vaginal plug and / or spermatazoa 

on the vaginal smear determined insemination. (Hafez, 1970) If insemination 

occurred, this was set as day 1of pregnancy. Each maternal rat was carefully 
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observed throughout pregnancy and weight gain was monitored and recorded on a 

daily basis. Appendix A illustrates the recording of a typical set of parameters for 

maternal rats; estrous cycle and pregnancy weights. The pregnant rats were closely 

monitored throughout pregnancy and euthanized on day 22 of gestation. (Harkness, 

1989) 

The protocol for each group was as follows: 

Group 1 (No Treatment): This group recieved no treatment or surgery 

throughout pregnancy. 

Group 2 (IU Organogenesis): On day 7 of pregnancy, approximately one 

day prior to the onset of organogenesis, the female was anesthetized in an ether 

chamber.(Wayneforth, 1988) After being prepared for surgery (abdomen shaved 

and cleaned with betadine and alcohol), a ventral midline incision along the linea alba 

was made with a #15 blade, using aseptic technique. The gravid uterus was located 

and the distal tip of one horn isolated. A purse-string suture, using 5-0 Chromic Gut, 

was placed in the serosal layer and as close to the distal tip as possible. An incision 

was placed in the center of the purse-string suture using an 18 Gauge needle. An 

Alzet 2002 osmotic mini-pump was previously filled with saline (to deliver 0.5 ul/h 

for 14 days,the remainder of pregancy) and attached to a 3cm catheter.(Dawson, 

1990)(Wayneforth, 1988) Figure 2 illustrates the cross section and function of an 

osmotic mini-pump. The catheter tip was placed into the lumen of the uterine horn. 

After tightening the purse-string suture around the catheter, a 'roman' suture (see 

figure 3) was advanced up and around the catheter to secure it in the uterus. A 

simple interrupted suture was also placed around the catheter within the lumen to 

add stability and security. The uterine hom with attached catheter and osmotic mini-

pump were replaced in the abdominal cavity. The same procedure was repeated 

on the opposite horn. The abdominal wall was then closed with simple interrupted 
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sutures of 5-0 Chromic Gut. The skin was closed with 9mm stainless steel autoclips. 

Recovery from the ether anesthetic was rapid, with animals ambulatory within 5 

minutes. (Wayneforth, 1988) 

Group 3 (IP Organogenesis): On day 7 of pregnancy prior to 

organogenesis, as with Group 2, the female was anesthetized with ether. The 

abdomen was prepared for surgery and a ventral midline incision made. The saline 

filled Alzet 2002 osmotic mini-pump was placed freely in the abdominal cavity. The 

abdominal wall and skin were closed as with Group 2. Recovery followed a similar 

course. 

Group 4 (IP Embryogenesis): The surgery in this group was identical to that 

of Group 3 with the following exceptions; 1) the surgery was preformed on day 2 

of pregnancy, so delivery of saline by the osmotic pump was during the period of 

embryogenesis, and 2) a 2001 model Alzet osmotic mini-pump was used. The 

2001 Alzet model delivers 1.0 ul/h for 7 days. This coincides with the length of 

embryogenesis. 

For all groups, on day 22 of gestation, approximately 1 day prior to 

parturition, a final weight was taken and the pregnant rat euthanized in a carbon 

dioxide chamber. Asphyxiation was very rapid. (Harkness, 1989) The female was 

examined grossly for any abnormalities (external and internal). The gravid uterus 

and ovaries were removed for examination. The uterus was opened from the tip of 

each horn along its length to the base of the uterine body, thus exposing all fetuses, 

resorption and implantation sites. The placement of each was recorded (Appendix 

B). This record included the fetal weights, placental weights, crown rump (C/R) 

lengths, and any gross fetal abnormality. Using an Optivisor for magnification, a "V" 

type incision was made in each fetus starting at the distal sternum and extending 

towards each axilla, thus exposing the thoracic cavity. The great arteries and veins 
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were observed in situ. The nature of attachment of the pulmonary veins to the left 

atrium and the cranial and caudal venae cavae connections to the right atrium were 

also observed. The pulmonary and vena caval attachments were then incised, as 

distal to the heart as possible, and the heart removed. A 27 Gauge needle was 

placed apically in the left ventricle and the heart gently flushed with 2% 

gluteraldehyde solution. The heart was then labeled with a 7 digit code (for future 

blind observations) and placed in the same solution for 24 hours for fixation. It was 

then transferred to a 0.1 mol/liter phosphate buffer for storage.(Dawson, 1990) 

Representative fetuses were stained with the KOH-Alizarin Red-S method 

for evaluation of fetal bones. This method was originally outlined by Crary (1962) 

and later refined and described in Stain Technology. (Williams, 1964) 

Histologic preparations of representative fetal hearts from each group were 

made. Sections of the apical ventricular myocardia were examined, after staining 

with hematoxylin and eosin, by Dr. Brenda Dawson, a pathologist.(Gude, 1982) 

(Banks, 1986) 

The individual hearts were evaluated using a Nikon 2MZ-2T light microscope 

with a TV monitor for dissection. This allowed excellent visualization and 

manipulation. Initially, the heart was examined for any gross abnormalities as 

viewed from both dorsal and ventral aspects. The right atrial appendage was then 

excised to evaluate the atrial septum for defects. If adequate visualization of the 

atrial septum was not produced, the left atrial appendage was also removed. The 

aorta and pulmonary vessels were evaluated for course, caliber, orientation and then 

excised just dorsal to their valve rings. All remaining atrial tissue was removed and 

the pulmonary, aortic, tricuspid and mitral valves could then be clearly seen. The 

location of the coronary ostia was noted. Each valve was probed for patency, and 

the formation of each valve leaflet was carefully observed. The right ventricular wall 
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was removed by incising from the tricuspid valve towards the apex of the heart. An 

incision was then made from the tricuspid valve across to the pulmonary valve and 

from the pulmonary valve to the apex where the first cut is then joined. This allowed 

the right ventricular wall to be removed and the entire septum to be visualized. If 

there were any suspected lesions, the left ventricular free wall was then removed (a 

triangular cut from the mitral valve to the apex) and the lesion further examined. Any 

suspected abnormalities were marked and re-examined by the investigator, a 

pathologist and a pediatric cardiologist, for confirmation. The specimen was then 

photographed using a Nikon N2020 camera mounted on the light microscope. 

Decoding of the hearts occurred only after final examination of all hearts and fetuses. 

This thorough and careful protocol used to examine hundreds of fetal hearts was 

developed and designed to detect defects in all chambers, valves or great vessels. 

FINDINGS 

Statistical analyses of the data was performed using the Stat View program 

on a Macintosh computer. Chi Square or the student T test were used to evaluate 

data. 

The objective was to determine the rate of congenital defects in each group 

of either totally untreated, minimally manipulated surgically (IP insertion of osmotic 

pump) or more extensively surgically manipulated (IU insertion) animals. If this rate 

was similar in all groups after comparing these groups to each other then the groups 

could be combined, enlarging the numbers and increasing the statistical power of the 

result. 

Maternal parameters analysed included weight gain, pregnancy 

complications and uterine examination. Weight gain for the total pregnancy was 

consistent in all cases and did not statistically vary between maternal rats within each 



group, or between groups. There were no problems associated with any of the 

pregnancies. Once the females were euthanized they were examined grossly for 

any abnormalities. None were found. The uterus was also examined for 

implantation sites (indicated by residual metrial glands), resorption sites, dead and 

live fetuses.(Taylor, 1986)(Wilson, 1978) A Chi square test was used to 

determine the significance between mothers of each group and between groups for 

the number of fetuses, implantation sites, and resorption sites.(see Figure 4) Table 

1 summarizes the matemal data. The number of fetuses per each matemal rat was 

not significantly different. Group 2 showed a significantly increased number of 

implantation sites when compared to Group 1 (no treatment). This can be 

explained by the effect manipulation during the surgical placement of the catheter 

and pump has on the sites implanting at the tip of the uterus. There was a 

statistically significant increase in the number of resorption sites in Group 2 (IU, 

Organo) and Group 4 (IP Embryo) when compared to Group (1), receiving no 

treatment. This was attributed to surgical manipulation and animal variation. 

Fetal parameters examined included fetal weight, placental weight, crown-

rump length and external morphology. Initially fetuses were examined in situ for 

placement, then examined externally for any abnormalities. Only two fetal 

abnormalities were found; Group 2 had one underdeveloped dead fetus, while 

Group 3 had a viable fetus with spina bifida -no vertebrae from T-3 caudally. This 

was confirmed using the Alizarin Red bone stain.(Williams, 1964) The presence of 

these two abnormalities was not statistically significant. Both of these fetuses were 

later determined to have normal hearts. All fetal weights were taken and recorded. 

Again, there was no statistical significance within or between groups. Figure 5 shows 

the average fetal weight for each group. The weight ranged from 1.050 to 6.987 g, 

with an average fetal weight of 5.115 g. The weights of all placentas were 



compared. The range was from 0.234 to 1.568 g, with an average of 0.643 g. 

There was no statistical significant difference within or between saline treated 

surgically manipulated groups and the untreated group. Figure 6 illustrates the 

average placental weight for each group. 

Crown-rump length was measured using calipers. The average fetal C/R 

length was 42.15 mm, with a range of 16.60 to 48.03 mm. Again, there was no 

statistical significance within or between groups. Figure 7 shows the average C/R 

length for each group. 

Fetal hearts were evaluated by the protocol described above and the 

abnormal hearts were photographed. The code was broken and the results 

tabulated in Table 2. There were several types of heart defects found, but no one 

type or syndrome predominated. The hearts were examined in a way to expose 

any great vessel, chamber, septal, and valvular anomalies.(Taylor, 1986; Jubb, 

1985) A list of the types of defects found is given in Table 3. Examples of the 

defects found are shown in photographs 1-8. A Chi square test showed there was 

no statistically significant difference in the number of heart defects between the 

untreated group and the surgically treated groups. Figure 8 shows the comparison 

of the percent of abnormal hearts found for each group. The rats given no treatment 

had a spontaneous cardiac malformation rate of 3.02%, while those with extensive 

surgical manipulation (intrauterine saline via an osmotic mini-pump during the stages 

of organogenesis) had a rate of 1.37%. Those fetuses which were minimally 

surgically manipulated and given saline during the stages of embryogenesis and 

organogenesis, via a peritoneally placed osmotic mini-pump, had a spontaneous 

congenital cardiac malformation rate of 2.70% and 1.48%, respectively. Because 

the untreated group and surgically manipulated groups were not statistically 

significantly different from each other, the totals could be combined for a large 
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number of hearts examined (n=624). This results in a combined spontaneous 

congenital cardiac malformation rate of 2.3%. 

CONCLUSIONS 

This stud/ determined the incidence of spontaneous congenital cardiac 

defects in the Sprague-Dawley rat to be 2.3%. Although direct extrapolation from 

the rat to man can not be made, it is interesting that similar levels of congenital cardiac 

defects are found in humans. However, in man, a greater variety of environmental 

and genetic factors is probably responsible for this figure. This does not detract from 

the importance of the Sprague-Dawley rat as a model for studying congenital cardiac 

defects. 

A thorough technique for examination of the fetal hearts was performed in this 

study. Data analysis from a large number of untreated and surgically manipulated 

animals provided an accurate assessment of the spontaneous congenital cardiac 

malformations of the Sprague-Dawley rat. This information will be useful for further 

research using this animal as a model for cardiac development and teratogenicity 

studies. 
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FIGURE 2. CROSS SECTION OF 
FUNCTIONING OSMOTIC PUMPS 
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FIGURE 3. Placement of the Osmotic Pump 
Intra-uterine 

Simple interrupted 
stay suture 

(5-0 Chromic Gut) 

UTERINE 
HORN 

OVARY 

0.030 Silastic tubing catheter 

ure toman Stay Sut 
following the serosal 
purse string suture 
(5-0 Chromic Gut) 

Osmotic Mini-pump 
Model 2002 

FIGURE 4. In Utero Observations 

T 

No Treatment, Group 1 

Saline Intrauterine, Organogenesis, Group 2 

Saline Intraperotineal, Organogenesis, Group 3 

Saline Intraperotineal, Embryogenesis, Group 4 

* - Statistical significance found when 
compared to Group 1 (No Treatment) 

T 
Live Fetuses Ext Abn / Dead Implantations Resorptions 



24 

FIGURE 5. Average Fetal Weight 

*No statistical significance between groups 

No Treatment IU Organo IP Organo IP Embryo 
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FIGURE 7. Average Crown Rump Length 
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. Ventricular Septal Defect -membranous 

8. Ventricular Septal Defect -subaortic 



TABLE 1: Maternal Data 

MATERNAL DATA 
Group Treatment #ofMat 

Rats 
#live 

fetuses 
Size Range 
of Litter 

Avg Fet# 
per Litter 

Externally 
Abnormal 

Impla 
Total # 

its 
Avg 

Reso 
Tot# 

rptions 
Avg 

Total 
Sites 

Avg 
WtGn 

1 No Treatment 20 238 2-11 11.90 1 Sp. Bifida 3 0.15 11 0.55 252 129 

2 Saline IU Organo 12 146 7-16 12.20 1 dead 8 0.66 36 3 244 96 

3 Saline IP Organo 11 135 10-17 12.30 0 0 0 8 1 142 130 

4 Saline IP Embryo 11 121 3-19 11.00 0 1 0.09 18 2.18 140 128 

TABLE 2: Fetal Data 

FETAL DATA 

Group Treatment # of Mat 
Rats 

Total 
Hearts 

Normal 
Hearts 

Abnorm 
Hearts 

% Abn 
Hearts 

Level of 
Significance 

1 No Treatment 20 232 225 7 3.02 

2 Saline IU Organo 12 146 144 2 1.37 p=.4988 

3 Saline IP Organo 11 135 133 2 1.48 p=.5705 

4 Saline IP Embryo 11 111 108 3 2.70 p=.8564 

Total: 624 610 Norrr 14 Abn Avg= 2.3% Abn Hrts 



TABLE 3: Types of Spontaneous Heart Malformations 

Group: 1 2 3 4 
Heart Abnormalities: No Treatment IU Organo IP Organo IP Embryo 

D-Loop in Rt Chest 2 
L-Transposition 
Gross Arterial 
Atrial Septal Defects 1 1 2 
Mitral Valve 
Tricuspid Valve 
Ebsteins 
Atrio-Ventricular Canal 
Ventricular Septal Defects: 

-Sub AO 1 1 
-Membranous 1 1 
-Musuclar 2 

ECD-ventricular attachments 1 
Pulmonic Valve 
Aortic Valve 1 
Sinus Inversus 

TOTAL: 7 2 2 3 

Total # of Abnormal Hearts: 7 2 2 3 
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Cycling and Breeding Record 
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RAT# £»rp2 (arpl £rr> 1 6)mH 
DATE 1 2 3 4 5 ( 6 ' 7 

lo/bfao 0 0 0 o P P £ 
7 D-P 0 n 0 F P 0 

F f> (?/ o 0? 0 £ 0 
0 / 9 o-p 0 0 0 

ID 0 ;? E E jp ft p 0-P fo 
II f 3L3 J o P / p i 

u f- an o 0 ?1(p a 

n f — 3 — — 3 
14 — — h .— — •— 4 — —- V 
15 0 7 n p & 6 fr 5" 

p ;?73 $ 0 E n 4> 
n f. ;?7Y p F, 7 o 7 
12 o 37$ ID r 0 8 f ? 
i9 0 n p 0 £ 7 
20 n — 10 
2/ — — & •— — •— H 

— .— n 

0 ttO H f to 0 3D(l9 li f & &>i ft 
23 0 if t 0 <VH ft / 3/0 t3 

o-p $ K? art 1 p ,OT H rtfl ? 3{-r H 

Ft 30H \i 3 FT 3&i if 3 &<r (S 
Vlo f) <?(8 18 H f. * All i 33D He 
41 /? —- n 5" — n 
IX — — — — /1 — 

4" — l* 
34 p 33S~ $( ?9H 7 f 33P if Z91 7 3i7 11 
ZO 0 f/Y irfl XX l 9 f-f 36/i V <n 2 <LT# & 
31 0 0 7 z! 

\\/lkD o-p? 91 <w 10 Q rift 
,30(p ID 27* fa 

2 1/ ? ay 310 n 

KEY: P=Proestrus 
£f=Estrus 
D=Metestrus & Diestrus 

<£#feMale bred with 
#r=Day of gestation and weight that cky 
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Appendix B: Placement and Fetal Records 

MATERNAL RAT 

EXTERNAL ANOMALIES | 

IMPLANTATION ANOMALY X "R. 

FETUS# 1V7 •Rr "R5 n ua L3 

FETUS WT 5TM5" 511*3 >£?// £.07? 
PLACENTAL WT .-in<4 .%?/ ^75-
FETUS C/R LENGTH 1131 ^2^ 370? ^5V V^.9.5 441*3 

HEAD SIZE & SYMMETRY 

CLEFT PALATE 

EAR ABNORMALTTIES 

MICRO/ANOPTHALMIA 

MICRO/AGNATHIA 

SPINA BIRDA 

CLUBBED LEGS 

A-/SYNDACTALY 

TAIL 

HERNIATION-DORSAL 

UMBUCAL 
4 

OTHER: 

JIĵ p)aK\4. 
—B—e-

(o 
©-

Kesonpi. 
JD o» u 
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