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MATERIALS AND METHODS 

Study subjects  

Adult female (200-220g) and male (300-320g) Crl:CD®SDIGSBR (Sprague-Dawley) rats  

purchased from Charles River Laboratories, Inc., Wilmington, MA, were used for this study.   A 

total of 64 rats (32 male and 32 female) were assigned to eight groups composed of four male 

and four female rats in each group. Only rats that appeared healthy were selected for the study. 

Prior to the beginning of the study, the rats were assigned to one of the eight groups based on 

random number generation.  

Bias was controlled by randomization and by blinding of the study to the technicians who 

administered the test substance and performed clinical observations of the animals, and to the 

pathologist evaluating the rats at necropsy and histopathology. The identity of the animal group 

assignment was not available to the dosing technician, or to the pathologist performing 

necropsies and histopathology, until the results were collected.  

Animal husbandry 

Rats were single housed, in a dedicated room, in clear LPI polycarbonate solid bottom 

microisolator cages; dimensions 19Lx10 1/2Wx8H; floor space: 143 square inches.  

Cages with Alpha-dri bedding were changed a minimum of twice per week or if the bedding 

became excessively wet or soiled, to keep the animals dry and clean.  The animal room was 

independently supplied with at least 10 changes per hour of 100% fresh air. Room temperature 

was maintained between 71.8-76.8°F, monitored and recorded daily. Room humidity was 

maintained between 34-60% and was also monitored and recorded daily. An automatically-

controlled 12-hour light:12-hour dark fluorescent light cycle was maintained. Each dark period 

began at 18:00 hrs PST.  
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Rats were fed ad libitum, Certified Rodent Diet(R) #5002 (LabDiet. PMI Nutrition International). 

Rats were provided ad libitum RO (Reverse Osmosis) water from individual bottles attached to 

the cages throughout their stay in the Testing Facility. UCLA maintains AAALAC accredited 

animal facilities and all work was conducted under authorization by the UCLA Animal Research 

Committee (IACUC equivalent).  

Test substance 

Non-radioactive FAC compounds were purchased from Moravek Biochemicals and 

Radiochemicals (Brea, CA) and dissolved in 1% ethanol in saline.   The technician 

administering the test substance was blinded as to the identity of the animals. A single 100µl 

volume dose of either the control (only the carrier solution of 1% ethanol in saline) or 27.5µg of 

non-radioactive FAC per kilogram of body weight was administered intravenously to the rats. 

This is equivalent to 0 or 100X the maximum tracer mass of FAC administered to human 

subjects, respectively. 

Physiological assessments 

Acute arterial blood pressure measurements were obtained via femoral or carotid artery 

catheterizations to determine the hemodynamic status of the isoflurane anesthetized rats. The 

Electrocardiogram (ECG) was simultaneously recorded via needle electrodes inserted under the 

skin in the lead II configuration. These pressure and ECG data were acquired via Grass 

amplifiers, then digitized, displayed and analyzed in real time with HEM V4.0 software (Notocord 

Systems, France) on a PC. Heart rates were determined from the R-R interval of the ECG. The 

oxygen saturation was monitored simultaneously with a MouseOx system and displayed with 

WinDaq software on the same PC. Baseline data was recorded continuously for at least 15-30 

minutes to ensure that physiological levels of pressures, oxygen saturation and heart rates were 

achieved. 

Blood collection 
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Approximately 1.0-1.5 ml of whole blood were collected by caudal lateral vein bleed under 

isoflurane anesthesia from rats in groups 1-4 to determine baseline values at the end of the 

acclimation period (day -1). Subsequent blood samples were collected terminally before 

pentobarbital overdose euthanasia at day +1 (groups 1-4) and day +14 (groups 5-8) just prior to 

euthanasia and necropsy, as shown in figure S1.  The whole blood samples were divided as 

follows: at least 350 µL into an EDTA-containing tube (submitted for hematology [CBC, 

complete blood count]) and 0.5-1.0 mL into a serum-separator tube for blood chemistries.  

Samples in serum-separator tubes were centrifuged at 2000 x g for 15 minutes after clotting. 

The serum was evaluated for hemolysis according to colorimetric scale. Hemolysis was 

acceptable in the range of 20-50, according to the scale. Samples collected for CBC were 

assessed before running the test for clots. Smears were prepared in the diagnostic lab and read 

by a pathologist if the CBC equipment (HemoVet) flagged the results. 

Euthanasia and necropsy 

At scheduled times; blood was collected under general anesthesia using a 24G catheter placed 

in the lateral caudal vein. Using the same intravenous catheter, animals were euthanized with 

100mg/kg pentobarbital. Immediately after euthanasia necropsies were conducted by a 

pathologist.  

Gross necropsy and histopathology 

Each rat was weighed on a calibrated, digital scale immediately upon euthanasia and before 

necropsy. A complete necropsy was performed on each rat and all gross lesions were recorded.  

Additionally, the following organs were weighed and recorded for comparison between the 

treated and non-treated groups:  brain, heart, thymus, liver, spleen, right and left kidney, and 

testes when applicable.  Samples of all of the organs were collected for histologic examination.  

All tissues were immersed in 10% formalin immediately after collection. The tissues were 

sectioned for paraffin embedding within 24-48 hours post fixation.  The UCLA-DLAM staff 
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veterinary pathologist performed or directly supervised all tissue sectioning. The staff veterinary 

pathologist performed all histopathologic evaluations for this study.  

Gross necropsy included an initial physical examination of external surfaces and all orifices. A 

skin incision was made extending from the mandible through the anogenital region. The incision 

was extended through the subcutaneous tissues and muscular layers. An internal examination 

of tissues and organs in situ was performed. The following was examined: external and internal 

portions of all hollow organs; the external surfaces of the brain and spinal column, the nasal 

cavity and neck with associated organs and tissues; the thoracic, abdominal and pelvic cavities 

with associated organs and tissues; and the musculoskeletal carcass. The lungs were perfused 

with neutral buffered 10% formalin. The entire carcass was fixed in 10% formalin post necropsy 

and filed for future sectioning if needed. 

RESULTS 

Study plan 

Sprague-Dawley rats were randomly assigned to eight groups of eight rats (four male and four 

female rats in each group) to determine the safety pharmacology and toxicity effects upon one, 

single, intravenous administration of non-radioactive form of each of the FAC PET probe 

analogs in rats (Figure S1). The rats were monitored prior and up to 14 days following the 

administration of the test substance (carrier solution or FAC). The early effects of the 

administered agents were monitored on day (+1) post injection in groups 1-4 and the late effects 

of the administered agents were monitored on day (+14) post injection in groups 5-8.  Rats in 

groups 1/5 were administered with the carrier solution control and those in groups 2/6, groups 

3/7 and groups 4/8 were administered with the test agents D-[19F]-FAC, L-[19F]-FAC and L-[19F]-

FMAC respectively. 
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The dose of each FAC agent used for these toxicity studies was in excess of 100x the maximum 

estimated dose of the FAC tracer that may be injected into a human subject, equivalent to 

27.5ug per kg. The control groups received the carrier solution instead.  

Safety pharmacology  

The safety pharmacology parameters evaluated during the study included, body weight, body 

temperature, heart rate, blood pressure, blood oxygen levels, respiration rate and daily clinical 

observations. 

Body weight: Rats were purchased from Charles River Laboratories with average weights of 

200-220grams and 300-320grams for female and male rats respectively. Body weight 

measurements were taken on days -1, 0, +1, +7 and +14 and averaged for males and females 

in vehicle control (groups 1 and 5), D-FAC (groups 2 and 6), L-FAC (groups 3 and 7) and L-

FMAC (groups 4 and 8) administered rats. The results demonstrated no significant body weight  
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Figure S1.  Preclinical study plan. Sprague-Dawley rats were randomly assigned to 

eight groups of eight rats (four male and four female rats in each group) to determine the 

safety pharmacology and toxicity effects upon one, single, intravenous administration of 

non-radioactive form of each of the FAC PET probe analogs. Rats in groups 1/5 were 

administered with the carrier solution control and those in groups 2/6, groups 3/7 and 

groups 4/8 were administered with the test agents D-[19F]-FAC, L-[19F]-FAC and L-[19F]-

FMAC respectively.  Groups 1-4 were monitored on day +1 and groups 5-8 were monitored 

on day +14. Injection occurred on day 0. Definition for abbreviations:  W- Weight, CC- 

Clinical Chemistry, NH- Necropsy and Histopathology, SP- Safety Pharmacology, BP-Direct 

Blood Pressure measurement.  

difference in D-FAC, L-FAC, L-FMAC male or female rats compared to the control groups along 

the course of the study (Figure S2 A, B and C). 
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Figure S2.  Body weight and temperature measurements. (A-C) Body weight 

measurements were taken on days -1, 0, +1, +7 and +14 and averaged for males and 

females in vehicle control, D-FAC (A), L-FAC (B) and L-FMAC (C) administered rats. (D-E) 

Rectal body temperatures were recorded on days -1, +1, +7 and +14 for males and females 

in the vehicle control, D-FAC (D), L-FAC (E) and L-FMAC (F) administered rats. Standard 

deviations were calculated and incorporated in the graphs. 
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Figure S3. Heart rate and mean blood pressure measurements. (A-C) 

Electrocardiogram (ECG) traces were recorded on days -1, +1, +7 and +14 for males and 

females in the vehicle control, D-FAC (A), L-FAC (B) and L-FMAC (C) administered rats. (D-

F) Mean blood pressure measurements, from the femoral artery, were obtained on days +1 

and +14 from males and females for vehicle control, D-FAC (D), L-FAC (E) and L-FMAC (F) 

administered rats.  
 



Page	  10	  of	  20	  
	  

Body temperature: Rectal body temperatures were recorded on days -1, +1, +7 and +14 for 

males and females in the vehicle control (group 5), D-FAC (group 6), L-FAC (group 7) and L-

FMAC (group 8) administered rats. The average body temperature results ranged during the 

course of the study as follows: 36.0-36.7 (Vehicle Control), 36.2-37.2 (D-FAC), 36.1-37.2 (L-

FAC) and 36.2-37.5 (L-FMAC). The standard deviation calculations demonstrated no significant 

difference in body temperatures in D-FAC, L-FAC, L-FMAC male or female rates compared to 

the control groups (Figure S2 D, E and F).   

Cardiovascular parameters: ECG traces were recorded on days -1, +1, +7 and +14 for males 

and females in the vehicle control (group 5), D-FAC (group 6), L-FAC (group 7) and L-FMAC 

(group 8) administered rats. Heart rate measurements ranged during the course of the study as 

follows: 364-421 beats per minute (bmp) (Vehicle Control), 360-422 bpm (D-FAC), 360-388 bpm 

(L-FAC) and 352-386 bpm (L-FMAC). The standard deviation calculations and ECG traces 

demonstrated that the control and test article injected male and female rats displayed normal 

heart rates (Figure S3 A, B, and C), ECG waves and rhythm.  

Blood pressure (BP): Direct BP measurements, from the femoral artery were obtained on days 

+1 and +14 from males and females in groups 5-8. Mean BP (Figure S3 D, E and F), Systolic 

BP (Figure S4 A, B and C) and Diastolic BP (Figure S4 D, E and F) measurements were 

calculated and displayed no significant differences between control and test article administered 

rats on days +1 and +14.  

Pulse oximetry and respiration rate: Hemoglobin oxygen saturation levels and respiration rates 

for groups 5-8 were obtained on days -1, +1, +7 and +14.  The average percent blood oxygen 

level of all the rats were 99-100% and considered normal (Figure S5 A, B and C). No 

significant changes were observed in the respiration rates (Figure S5 D, E and F) between the 

control and the test article administered groups.  
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Figure S4. Systolic and diastolic blood pressure measurements. Systolic (A-C) and 

diastolic (D-E) blood pressure measurements, from the femoral artery, were obtained on 

days +1 and +14 from males and females for vehicle control, D-FAC (A and D), L-FAC (C 

and E) and L-FMAC (D and F) administered rats.   
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Figure S5. Pulse oximetry and respiration rate measurements. Hemoglobin oxygen 

saturation levels (A-C) and respiration rates (D-F) were obtained on days -1, +1, +7 and +14 

from males and females for vehicle control, D-FAC (A and D), L-FAC (C and E) and L-

FMAC (D and F) administered rats. 
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Clinical observations:  All the rats involved in the study were monitored daily for clinical signs. 

No clinical signs linked to the administration of the FAC test substance were observed.  

Toxicology studies 

The early toxicity (day +1) and late toxicity (day +14) of the agents were determined by 

obtaining complete blood counts (CBC), clinical chemistry, necropsy and histopathology data in 

rats from groups 1-4 and 6-8 respectively.  

CBC: The CBC results for each group under early (Table S1A) and late time points (Table S1B) 

were averaged and the standard deviations displayed. The standard deviations with a p<0.05 

compared to the same sex controls under respective early or late time points are annotated with 

an asterisk and highlighted. 

Serum chemistry: The serum chemistry results for each group under early (Table S2A) and late 

time points (Table S2B) were averaged and the standard deviations displayed. The standard 

deviations with a p<0.05 compared to the same sex controls under respective early or late time 

points are annotated with an asterisk and highlighted. 

Necropsy:  The necropsy data results for each group under early (Table S3A) and late time 

points (Table S3B) were averaged and the standard deviations displayed. The standard 

deviations with a p<0.05 compared to the same sex controls under respective early or late time 

points are annotated with an asterisk and highlighted. 

A significant change was detected in the heart weight (P<0.05) of male and female D-FAC 

treated groups. Once the data had been presented to the FDA, we were requested to conduct a 

second toxicity study for the D-FAC group. The heart weight measurements from 6 male and 

female rats were obtained and the results are displayed in tables S3A and S3B under “Heart Wt 

2”. As shown, the expanded toxicity study revealed that no changes were observed in the heart 

weight for the D-FAC administered group compared to its respective control.   
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Histopathology: Histopathology analysis was performed on tissues obtained from all rats after 

necropsy on days +1 and +14. The following tissues were examined histologically in addition to 

any gross lesions:  Salivary glands, peripheral and mesenteric lymph nodes, brain (brainstem, 

cerebellum, mid cerebrum and olfactory), pancreas, thyroid, trachea, esophagus, thymus, heart, 

lung, kidney, liver, spleen, stomach, duodenum, jejunum, ileum, cecum, colon, reproductive 

tract (ovary, uterus; testis, seminal vesicles, prostate), bladder, haired skin and skeletal muscle 

(quadriceps). No significant changes in histopathology findings were observed in the FAC 

injected group compared to the control.  
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Table S1A.  Hematology measurements. The complete blood counts results for each 

group under early time points (A) were averaged and the standard deviations displayed. 

The standard deviations with a p<0.05 compared to the same sex controls under respective 

early or late time points are annotated with an asterisk and highlighted. 
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Table S1B.  Hematology measurements. The complete blood counts results for each 

group under late time points (B) were averaged and the standard deviations displayed. The 

standard deviations with a p<0.05 compared to the same sex controls under respective 

early or late time points are annotated with an asterisk and highlighted. 
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Table S2A.  Serum chemistry measurements.  The serum chemistry results for each 

group under early time points (A) were averaged and the standard deviations displayed. 

The standard deviations with a p<0.05 compared to the same sex controls under respective 

early or late time points are annotated with an asterisk and highlighted. 
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Table S2B.  Serum chemistry measurements.  The serum chemistry results for each 

group under late time points (B) were averaged and the standard deviations displayed. The 

standard deviations with a p<0.05 compared to the same sex controls under respective 

early or late time points are annotated with an asterisk and highlighted. 
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Table S3A. Necropsy- organ weights. The necropsy data results for each group under 

early time points (A) were averaged and the standard deviations displayed. The standard 

deviations with a p<0.05 compared to the same sex controls under respective early or late 

time points are annotated with an asterisk and highlighted. 
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Table S3B. Necropsy- organ weights. The necropsy data results for each group under 

late time points (B) were averaged and the standard deviations displayed. The standard 

deviations with a p<0.05 compared to the same sex controls under respective early or late 

time points are annotated with an asterisk and highlighted. 

 

 


