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SUMMARY 

i We are requesting funds towards the field magnet 

with combined Spectroscopy and imaging capabilities. This instrument is requested for 

the development of the Center €or the Noninvasive Study of Drug Biodistribution, 

Targeting and Metabolism, by complementing the capabilities of USC investigators in 

high field (above 6T) NMR spectroscopy (chemistry) and lower field (human) MRI 

imaging (0.5-2T) and spectroscopy (1.5-2T). The 4.7T NMR requested will allow us to 

carry out, in a well coordinated and integrated manner, animal studies to explore and 

develop the unique capabilities of this noninvasive technique for studies of body 

chemistry and morphology. The PI and his coworkers have a special interest in the 

noninvasive study of drug metabolism and organ pharmacokinetics, and have been the 

first to show that NMR spectroscopic kinetic analysis of drugs can be carried out in 

vivo in organs and tumors of patients undergoing chemotherapy. The NMR requested will 

allow us to carry out both co-cLinica1 and fundamental studies on living animals and 

gain novel insight into the chemical, biochemical and pharmacological changes that 

occur at selected organs of a living system when it has been subject to a variety of 

physiological, pathophysiological and pharmacological stimuli. In addition to the 

obvious integration of the various field levels of NMR, we will also integrate this 

modality with PET (positron emission tomography), another key method capable of 

noninvasive monitoring of body chemistry. Finally, this instrument will also allow us 

to fully utilize our novel and unique approach to Pharmacokinetics, that has allowed 

us to estimate the amount of the active form of a drug at its target site when 

organ/tissue pharmacokinetic data can be generated. 

purchase of a horizontal bore high 

Specifically, the experiments that are planned for this instrument include: 

Measuring the kinetics of 5-fluorouracil in tumors, using 19F NMRS, and 

correlating such measurements with the animal's response, as well as with the 

effect of various modulators (e.g. leucovorin, levamisole, methotrexate, etc) 

Developing and testing methods for improving and enhancing spatial 

localization and quantitation techniques 

Initiating studies to expand these noninvasive pharmacological studies to 

other drugs, using both F-19 and proton spectroscopy 

The program for which this instrument is requested is a direct outgrowth of DOE'S 

sponsored energy research, and will greatly contribute to the PI'S DOE-sponsored 

research, as well as to that of those other investigators who have been active 

contributors to DOE'S research programs. NMR, as a noninvasive technique using stable 

isotopes, is a highly complementary technique to the use of radioactive materials. In 

line with DOE'S mission of expanding the use of technology in Nuclear Medicine, the 
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instrument requested will help open new vistas in Nuclear Medicine studies, by 

expanding its,role and capabilities AB an 

example, the development of the proposed 19F studies (to be coordinated closely with 

1 8 ~  studies of the same drugs) are expected to be translatable in the near future to 

other etable/radioactive nuclide pairs, such as 13C/11CI as well as correlative 

studies of 1H/11C. Other major applications of this new noninvasive technology to 

biomedical problems, in closely correlative and complementary studies with techniques 

based on nuclear and ionizing radiation, are also likely. Other USC faculty members 

who will also be active participants in the use of the requested instrument include 

investigators from the Schools o f  Pharmacy, Medicine and Engineering. In addition, 

strong support for all these investigators and their projects will continue to be 

provided, both by basic scientists in imaging and NMR, and by clinicians in 

radiology, oncology, neurology and other areas of medicine, whose work will also be 

strongly stimulated and expanded by the availability of the spectrometer requested. 

The projects proposed by Profs. Wolf and Singh, supported by DOE, are discussed in 

detail, and illustrate how this new noninvasive technique may help to open new vistas 

in studies of biochemistry, physiology and pathophysiology. 

into pharmacological problems and issues. 

usc is one of the major US Universities training graduate students (1902 enrolled in 

Ph.D. programs, 311 Ph.D's graduating last year). A significant number of USC's 

graduate students will continue to be most actively involved, both in the projects 

described below, and in those that are expected to evolve as the capabilities of 

using NMR spectroscopy for performing noninvasive studies of body chemistry become 

more widely recognized as a novel, exciting and unique tool. At least 12 of the 

students who have graduated or are about to graduate from the Ph.D. programs 

associated with the PI and the core faculty, are among those who have been involved 

in areas directly related to those research programs whose capabilities will be 

greatly expanded by the acquisition of the high field NMR biomedical imaging 

spectroscopy system. Indeed, several of the PI'S former students have developed their 

own position of leadership in directly related research areas. Finally, the 

availability of this instrument will allow us to implement novel vistas in research 

and graduate programs in noninvasive studies and in medical imaging. 

I O b 3 1 1 1  4 



Instrumentation 

A. Rvrbpse (3) 

Maintenance (41 

* U.S. DEPARTMENT OF ENERGY 
UNIVERSITY RESEARCH INSTRUBENTATION PROGRAV 

BUDGET PAGE 

ESTIMATED COSTS 

subtotal: 

B. Other AUowabk Costs 

2. Buildh@LPboratory Renovation 
-. . 

SuMotnl: 

C. TOTAL 

Nom: 

Insdtutioa's 
Rcq- Cost sbving 
of DOE (1) 

$ 4 8 2 , 0 0 0  $ 2 4 0 , 0 0 0  

$ 5 4 , 0 0 0  x x x x x  
$ 536,000 $ 240,000 

Otber 
Fcdcnrl 
Fun& 0) TOTAL 

$ 7 2 2 , 0 0 0  

$ 54,000 x x x x x  
$ 7 7 6 , 0 0 0  

$ 19,000 $ 19,000 x x x x x  
$ 31,000 $ 31,000 x x x x x  
$ 5 0 , 0 0 0  $ 5 0 , 0 0 0  

$ 536,000 $ 290 ,00@ $ 8 2 6 , 0 0 0  

( I )  Non-Fe&d funds only. (Howcvcr, may be pro& 

(2) firhare fkndr t~ be obraincd from o t k r  F e & d  agencies for purcharing the 

(3) only the pvcharc price of du ins- is eligible for DOE funding 

(4) See disausb of eligible maintenance costs on pnge 2. 
(3) on3) hose costs specified above are ck'giblr as cost shoring. h d ~ .  

oprration, mainaenance. m i  a d  training costs. orjbsnhy ami Rvdcnt 
&a, etc. are Lvligibie as cost sharing. Review dircwion of eligible and 

a dud m.) 

insmunent, etc. 

rlvough this program 

h&ibk Casts On F g C S  rmd g. 

I O b 3 1 1 8  
5 



U 

A. Purchase Price (List components and unit prices.) 

DexriptionlVendor 

Total 
Estimated Requested Institution's 

Quantity Unit Price of DOE Cost Sharing Total 

Biomedical NMR Imaging Spectrometer 1 S 722,000 S 482,000 $ 240,000 S 722,000 

Additionally, maintenance costs for 
the first two years after the end of 
the first year warranty is being 
requested. 

The vendor that has so far offered 
to contribute to USC's cost sharing 
portion is Ot8Uka Electronics, USA. 
Other vendors have been contacted, 
and negotiations are in progress 'for 
similar arrangements. 

The complete specifications for the 
system requested are appended 

Subtotal: 

1 S 722,000 S 482,000 S 240,000 S 722,000 
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NARRATIVE 

TECHNICAL W R I T  AND ACCOMPLISHMENTS OF USC'S RESEARCH PROGRAM 
v 

1) General Overview 

The PI and his collaborators have been, for years, funded by DOE in the development 

of novel methods for performing noninvasive studies of body chemistry, with special 

emphasis on drug metabolism and biodistribution. These studies have documented how 

nuclear medicine and NMR techniques can be used uniquely for performing noninvasive 

studies of body chemistry, and strongly suggest that the combined use of NMR and 

other noninvasive methods should be extended to a number of further biochemical, 

physiological and pharmacological studies in whole animals and in humans. Indeed, a 

key concept that has evolved from these DOE-funded studies is the realization that 

the precision with which we might capture the dynamics of a process in a living 

system is inversely proportional to the degree of perturbation that such a system 

has undergone. Thus, noninvasive (e.g., non perturbing] studies of biochemical, 

physiological and pharmacological events in a living system are no longer a luxury: 

they are a necessity in order to correctly measure and observe such processes. 

The PI and his coworkers are currently using the only wide bore NMR imaging 

spectrometer that exists in the Southern California basin, a 4.7T CSI at the 

Huntington Research Institute. This instrument has been made available to us once a 

week, although instrumental failure caused this facility to be out of operation for 

several months at a time. While this arrangement has and is allowing us to perform a 

limited number of studies, as detailed below, it is not a satisfactory solution 

given the nature and the scope of our programs, and those of other investigators at 

USC: there are obvious limitations of instrument availability and scheduling, given 

the expanded needs of the investigators at the Huntington Research Institute; this 

instrument, several years old, does not have the flexibility for incorporating 

several of the new sequences that need to be tested; sequential animal studies, 

determined by biochemical needs, can not be scheduled at present; finally, it is not 

accessible to other USC investigators. Thus, the core faculty, who represent a true 

interdisciplinary team, is therefore desperately in need of a much more 

comprehensive utilization of the biomedical NMR imaging spectrometer requested, both 

for spectroscopy and localization. The key to our interest is that such an 

instrument provides unique capabilities and will contribute significantly to further 

expanding USC's ability of developing methods and procedures for performing truly 

noninvasive studies of living systems, specially at the mammalian level. Concomitant 

with the qualifications of the USC faculty, the projects proposed range from the 

purely physical to the totally biological, and as documented by their research 

l 0 b 3 1 2 2  
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productivity and funding, the faculty is well experienced in the development of 

research ideas and methods in these areas. 

new 

The pI and his coworkers have, by now, established a well proven track record in 

"hands-on" experience in both human and animal NMRS studies. We documented in 1986 

( ~ 1 )  that the metabolism of 5-fluorouracil (5FU) (and hence, by extension, of other 

drugs) could be observed, noninvasively and 'on-line' in the liver of patients 

undergoing chemotherapy with 5FU. More recent work in both human (W2,W3,W4) and 

animal tumor models (W5,W6), has documented that 5FU i s  retained in some tumors with 

a t+ that is significantly longer than this drug's t+ in blood. We have used the 

term trapping for this phenomena, and shown that a good correlation appears to exist 

between the degree of trapping of 5FU in a tumor, and a patient's response to 

chemotherapy (W3,W4). These first leads have now been expanded and we have 

documented that we can also observe, in animals, how a modulator (methotrexate) 

affects the metabolism of 5FU in an experimental animal tumor model (w7). The 

studies we propose to perform expand and exploit these leads, and are intended to 

allow us to make the fullest use of this new methodology for gaining a better 

understanding of the mechanism of action of drugs, and for using such information in 

basic science and clinical studies. 

However, such studies would not have been possible without a first rate 

interdisciplinary team that had been developing the Radiopharmacokinetics program, 

including both basic scientists and clinicians. This team includes basic scientists 

(prof. Kenneth L. Servis) with a well-established "hands-on" experience in 

high-resolution chemical NMR, basic scientists (Prof. Manbir Singh) developing new 

vistas in the use of neuromagnetism in biomedical applications, as well as 

pharmacokineticists (Prof. David D'Argenio) and mathematicians (Prof. Alan 

Schumitzky), developing algorithms that have allowed us to test and analyze various 

multicompartmental models of SFU, using the radiopharmacokinetic methods developed 

as part of our DOE-funded programs. R. Ricardo Brechner, M.D., Ph.D., who had done 

his Ph.D. with Prof. Wolf, is now sharing responsibility for the clinical NMR 

studies at the St. Vincent Medical Center, as well as working with Prof. Singh on 

spectroscopic and imaging studies at the LAC/USC Medical Center. 

A8 stated above, instrumentation for high-resolution (chemical) NMR is readily 

available at USC, including several FT NMR spectrometers: a Varian XL-200, an IBM 

WP-27OSY1 a JEOL FX-900, a Brucker AM-360 on the University Park Campus, and a 200 

MHz Varian Gemini on the Health Sciences Campus. USC has also well qualified faculty 

in these and directly related areas, some of which are actively involved in the 

current proposal. For clinical (human) NMRS studies, two units are currently in 

l O b 3 1 2 3  - 10 - 



active use: the 2T Helicon at St. Vincent's Medical Center, and the 2T Gyroscan at 

the LAC/USC ?maging Center. Two additional MFtI units have and used for these 

projects: the 1.5T Magnetom at Pomona Valley Community Hospital (where most of 

published human work had been performed), and a 1.5T Magnetom at the VA West Los 

Angeles Medical Center, thereby covering the major regions of the Los Angeles 

metropolitan basin (east, central and west). The VA facility is of particular 

interest, inasmuch as it also has an operating PET unit, which the PI is using for 

correlative 18F-5FU imaging and kinetic studies. Other units, in addition to the 

above, have shown interest in participating in clinical spectroscopy studies, 

including Loma Linda Medical Center, Long Beach Memorial, etc. Thus, and provided 

this current grant is funded, Southern California is likely to possess a major 

coordinated program resources in basic, animal and clinical spectroscopy, and the PI 

has proposed the coordination of these efforts into a "Regional Spectroscopy 

Center". The present proposal is both a logical and highly desirable complement to 

the above basic and clinical efforts. 

Thus, the present request for a Biomedical NMR is for the missing link that will 

allow researchers in the Los Angeles basin to fully integrate their NMR interests 

and capabilities, from chemical and physical studies in the 5-14 T (high resolution) 

range, to 0.5-2.0 T for human studies. What is more important, this integration of 

efforts will allow us to closely correlate and interdigitate chemical, biochemical, 

pharmacological and clinical studies, an integral approach we have been fostering 

and nurturing in both our ongoing DOE research program and in new programs expanding 

the noninvasive studies of body chemistry. 

2) Prior  work by the P r o f .  Wolf  and Coworkers using ISF-NMRS 

5-Fluorouracil (5FU) is one of the most extensively used antitumor drugs, originally 

reported by Heidelberger et al. (W8) in 1957, and widely used since, specially for 

breast (Wa), stomach and colon (W9), and squamous cell carcinoma of the head and 

neck (WlO), esophagus and anus. Its metabolism has been widely reported: most of the 

drug is catabolized in the liver (Wll,W12) to 5,6-dihydro-fluorouracil (DHFU), 

alpha-fluor0 beta-ureido propionic acid (FUPA) and finally to alpha-fluor0 

beta-alanine (FBAL). A small fraction, however, can be converted into various 

fluorinated nucleotides and nucleosides such as FUR, FUdR, FdUMP; aome of these 

intermediates can, in turn, interact with thymidylate synthase, with RNA or with 

DNA, all of which have been implicated in the possible mode of action of this 

antitumor agent (W13,W14). Thus, a necessary condition for assessing whether this 

drug is active in that individual would be to be able to monitor in that individual, 

what fraction of the injected 5FU is catabolized in the liver, and which fraction of 

1 U b 3  I 2 4  - 11 - 



SFU is anabolized to the active anabolite(s) inside the tumor. While tumor biopsies 

has been ueed, to measure tumor anabolism (W15), availability of such material is 

inherently limited, can only be collected a very few times, and is unavailable from 

unaffected organs (e.g., the liver). We had successfully used 18F (the 2 hr, 

positron emitting radionuclide of fluorine) to label 5FU (W16) and to monitor drug 

biodistribution in animals (W17) and in patients (W18,W19), and shown, in a murine 

tumor model (L-1210 Lymphocytic Leukemia) that the responsive variant of that tumor 

accumulated 4x as much 18F than the refractory variant (W20). However, and while 

such studies did provide valuable information, they failed to provide the key data 

on the chemical nature of the fluorinated products present at any of the target 

sites, inasmuch as nuclear imaging alone is unable to generate sufficient data to 

analyze the likely compartmental models we te8ted using our radiopharmacokinetic 

modeling approach (W21). Inasmuch as the high sensitivity of nuclear detection can 

now be complemented by NMR spectroscopy (e.g., a method that allows noninvasively a 

direct chemical analysis of selected fluorinated Compound8 present at the desired 

target sites) we expect to be able, by using the combination of these two 

techniques, to estimate and validate a reduced model (including the key 

compartments) aimed at understanding the biodistribution and the metabolism of 5FU. 

P i l o t  19F NMR studies  i n  patients .  Two series of 19F-NMR spectroscopic human studies 

have now been conducted by us in patients receiving 5FU. The studies in Erlangen (in 

1986187) included 8 patients. Of these, 7 patients received 5FU as a bolus and 1 a8 

a slow infusion. The results obtained with the first three patients have been 

published (Wl). Spectral data were collected from the liver in all these patients, 

and over the tumor in 5 of these patients. All patients receiving 5FU as a bolus 

(5-15 min) did document the presence of both 5FU and FBAL in the liver, although 

their residence times and rates of metabolism varied, both as a function of the dose 

administered, as well as of inter-patient variations. Liver half-lives of 5FU 

ranging from 15 to 30 min were determined in the first three patients who had 

received 1000 mglm2, whereas more rapid catabolism appears to occur in patients 

receiving 600 mgIm2. This could suggest a nonlinear kinetics in the catabolism of 

this drug. 

We have now extended these observations by evaluating the pharmacokinetics of 5FU in 

the tumors of 16 patients with carcinoma of the breast, colon, endometrium, cervix 

and kidney, using IgF-NMRS, following administration of 5FU 600 mgIm2 (W3,W4). In 

these studies we detected a long-lived tumor pool of 5FU in tumors of 8 out of the 

16 patients studied. The half-life of this tumor pool of "trapped" 5FU was 0.33-1.2 

hrs, significantly longer than the half-life of 5FU in blood (5-10 minutes). Neither 
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the anabolites of 5FU (fluorinated nucleosides, nucleotides, RNA or thymidilate 

synthase), noF the catabolites, e.g., fluorobetaalanine (FBAL), were detectable by 

19F NMRS. Of the 8 patients evaluable for antitumor response who received only 5FU 

Or 5FU plus leucovorin, 5 of the 5 patients who accumulated ("trapped") free 5FU in 

their tumors had clinically documented tumor responses. A l l  of the 3 patients who 

did not show detectable 5FU after the first 2 spectra failed to respond to therapy. 

The t+ of 5FU in the tumors of those patients that responded to 5FU ranged from . 3 3  

to 1 . 2  hrs, while the t+ of 5FU in the patients who did not respond was in the order 

of 4-10 min, a value corresponding to that of 5FU in the blood pool. In one patient 

studied twice, the intratumoral t+ of 5FU given alone was 2 2  minutes, and after 

treatment with 5FU plus leucovorin was 2 0  minutes, not a statistically significant 

difference. No anabolites of 5FU were detected in either study. 

Correlations of the Clinical Response of Evaluable Patients with 19F-NMRS 

Results of Therapy 

Tumor Trapping* 5FU plus Leucovorin Other 5FU Combination Therapy 

of 5FU > 50% Response No Response > 50% Response No Response 

YES 5 0 1 1 

NO 0 3 2 2 

*Tumor trapping of 5FU is defined as retention with a t4 of 20 min or greater. 

Pilot NMRS studies i n  animal tumor models: by 
Griffith et a1 (W23) in mice and a 1.89 T vertical bore NMR system, we attempted (in 

collaboration with Griffith) to monitor the L-1210 lymphocytic tumor in mice (W24);  

Hull et al. studied mice bearing both the sarcoma-180 and the M5076 tumors (W25); 

Wolf et al. studied control rats and rabbits (W5,W6), while Nunnally et al. had 

studied rabbits at high doses (W26).  

Following the first in vivo 1 9 F  NMRS 

Proper selection of animal tumor models is critical, inasmuch as they should mimic 

and predict what has been/will be happening in patients. The selection of a proper 

animal system and a proper tumor model i s  not a t r i v i a l  issue. Two animal systems 

will be used in this work. Preliminary work (W5) had suggested that the metabolism 

of 5FU in the rabbit liver parallels well that of the human liver, while a very 

different metabolic pattern was observed in rats and mice. The only detectable 

compounds seen in the livers of rabbits were 5FU and FBAL, even at very high doses 

(at least one order of magnitude higher than what would be used in patients). One 

possible reason for the species differences in the handling of this drug could be in 

their differential enzyme levels and ability to synthesize metabolizing enzymes. In 
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the liver of mice one of the intermediate catabolites (FUPA) was detectable (in 

addition to FPAL), and the catabolism of 5FU, even at low doses, was much faster 

than in humans and rabbits. In rats, not only were both these catabolites seen in 

the liver (FUPA and FBAL), but also the anabolites (nucleosides/nucleotides). Our 

ongoing tumor studies have shown that the 19F NMR spectra detected in the vx2 tumor 

in the rabbit also parallel the 19F NMR spectra detected in human tumors, whereas 

more compounds, including the FNUC peak, are detectable in the Walker 256 

adenocarcinoma tumor model in the rat. 

While recognizing its limitations as a model, we believe that the use of the Walker 

256 carcinosarcoma in rats - a tumor reported to be responsive to 5FU (W27) - has 

been producing results that may have significance as models €or human studies. 

Griffiths et al. had detected the FNUC peak by NMRS (W28), and Wolf et al. have 

fully confirmed such findings (W6,W7). Recent work has shown that MTX modulation has 

a significant effect on the me.tabolism of 5FU: rats bearing the Walker 256 tumor, 

when pretreated with MTX, exhibited a marked increase in the rate of formation 

the FNUC peak, and of its relative amount, shown in the following figure: 
of 

10 P O  10 a -lQ -20 ..Y 

A simple 2 compartment subsystem model (see above) has been used to analyze these 

data: k21 represents the rate of conversion of 5FU to FNUC, k01 the rate of 

catabolism of 5FU and its elimination from the tumor, and k02 its rate of conversion 

to the active anabolites (incorporation into RNA, binding to thymidilate synthase). 

Rate constants estimated using the reduced subsystem model 1B ( x  10-3) 

5FU alone (n=6) MTX 5 hr (n=6) MTX 22 hr (n=4) 

k2 1 

k01 

k02 

IOb3121 

6.4k2.3 15.4k5.0 11.653.6 

11.654.9 .003+-. 002 2.4k4.2 

.125.29 1.4k.9 1.95.96 
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Using an F test for k21, the difference between the rats receiving only 5FU and 

thoee pretreaGed with MTX, was p O . 0 1  for MTX5hr8, and F.02 for MTX22 hrs. For the 

two MTX treatment groups there is no statistically significant difference even at 

the 5% level. These reults suggest that more detailed studies are needed to 

determine which scheduling regimen will maximize the MTX modulation in the Walker 

256 model, so that the pharmacologically optimal modulation can be tested in humans 

for its maximum therapeutic potential. The mean k01 value for 5FU alone is 

statistically significantly different from the mean values for the rats that had 

received MTX at 5 and 22 hrs prior to 5FU: F.001 and pC.02, respectively. For k02, 

the F-test is statistically significantly different at the 1% level (F.01). We have 

also begun to validate these estimations: when rats bearing the Walker 2 5 6  were 

sacrificed at 2 hours following treatment with 5FU alone, or following predosing 

with MTX, and their tumors extracted, a significant increase was noted in the FNUC 

present in the acid-soluble fraction: from 464268 mol/g to 1027*304 nmol/g, as well 

as for the 5FU isolated from the RNA fraction: from 106*24 to 257*64 nmol/g. These 

results clearly illustrate the power of this method, and suggest that it should be 

used to test. the effect of modulators on the metabolism of 5FU. As noted in the 

discussion of the clinical studies to be performed, the clinical effect of MTX on 

enhancing 5FU response is variable in the large number of reported studies. The 

present preclinical results suggest that most clinical studies may have been 

performed with suboptimal pharmacologic understanding and suboptimal clinical 

scheduling. Therefore, these pilot preclinical studies will be used in the design of 

the clinical NMRS studies proposed intended to determine if it is possible to 

enhance the therapeutic efficacy of MTX using dosing schedules whose effects can be 

monitored, and thereby, optimized. Finally, the work we have pioneered is now being 

taken up by other groups. Prior, Maxwell and Griffith (W29) have extended their 

studies and fully confirmed our observations drug 

metabolism in v i v o ,  and Jynge et al. (W30) have now extended such studies to another 

fluorinated drug, fleroxacin, a new trifuloroquinoline antibiotic (W31). 

that 19F NMRS can indeed monitor 

3) 19F NMRS studies with  5-Fluorouracil (Walter Wolf,' Ph.D.) 

Some of the specific noninvasive pharmacological and pharmacokinetic studies we wish 

to continue performing using the biomedical imaging spectrometer will address the 

following questions: 

a) What is the quantitative correlation between trapping of 5FU in a tumor and the 

response of that tumor to chemotherapy, and is such a correlation truly 

predictive? 
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b) What are the specific effects that modulators of 5FU action, such as leucovorin, 

levamisole pr interferon have on the kinetics of 5FU trapping and metabolism? 

C) What are the best methods that can be used to enhance the sensitivity of 

detection of fluorinated compounds in vivo and their spatial localization, as 

well as collecting information from more than one tumor region? 

d) How can we begin extending such studies to other drugs, both using 1 9 ~  and 

perhaps 1H, specially if we they have protons that absorb above 7 p p ?  

AS an example of studies on the effect of various condition on the metabolism of 

5FU, a tumor bearing Sprague Dawley rat will be administered light anesthesia 

(Ketamine, 50 mg/Kg and Xylazine, 10 mg/Kg, IM) and will be placed in the specially 

designed rat holder for the 4.7 T NMR spectrometer. An IV catheter will be placed in 

the animal, allowing drug administration at the desired time, and maintenance of the 

IV anesthesia. The following seguence will now be carried out: 

1) Position coil over the tumor 

2) Acquire a proton "scout" image (e.g., a very fast and rough image) of the region 

monitored by the surface coil, and verify that the rat's tumor is well 

positioned in relation to the surface coil. Reposition rat, if necessary. 

3) Shim, either globally, or locally on the region to be studied, using a DRESS 

technique. 

4) Switch to the 19F frequency and collect a background 19F spectra from that one 

organj t issue 

5) Inject the desired dose of 5FU (from 15 to 150 mg/kg) 

6) Collect serial spectra over the tumor during drug administration and for 2-6 

hours thereafter 

Specific variables will include: a comparison of the kinetics of the I9F containing 

compounds present when 5FU is administered alone, or after the prior administration 

of leucovorin, methotrexate, levamisole or interferon, at various times before 5FU 

injection. These studies will be conducted in succession, so that each rabbit acts 

as its own control. For example, a rat may receive first a therapeutic dose of 5FU 

(in the 20-40 mg/Kg range), NMR spectra will be recorded, then the second drug will 

be administered, and a new series of spectra will be recorded following 

administration of a second dose of 5FU to that same rabbit. This second study may be 

performed the same day, or one or two days later. Inasmuch as preliminary studies 

suggest that the parameters of a 3 compartment subsystem model for 5FU can be 

estimated from the NMR data in the rat tumor (where both 5FU and FNUC can be 

detected) (W31), it will be of great interest to determine which parameters are 
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affected by the action of the various modulators: 5FU uptake, conversion to 

nucleosides/ yzleotides, incorporation into the 8ct ive  products (RNA, thymidilate 

synthase), or catabolism and excretion. These estimations will be possible in the 

Walker 256 tumor of rats, when using NMRS alone, and appear to be possible in human 

and rabbit tumors, when combining 19F NMRS with 18F PET. 
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4) Spectroscopic Localization and Quantitation Studies (Manbir Singh, Ph.D.1 

Although the ‘requested instrument wil be used primarily for 19F spectroscopic 

studies, studies using 31P, 13C and 1H spectroscopy are also planned. The 

spectroscopic localization and quantitation aspects described below are therefore 

illustrated with 19F studies, although they could be readily adapted readily to the 

other nuclei. 

Spectroscopic Localization 

To maximize sensitivity, surface coils are used in our ongoing 19F studies, and will 
continue to be used with the requested instrument. Unlike he saddle shaped coils 

used in conventional imaging, surface coils produce non-uniform field distributions. 

The greatest eenaitivity is at the surface, diminishing with distance in accordance 

with the Biot-Savart law. When the surface coil is used to excite as well as 

receive, the flip angles change as a function of distance from the surface coil, and 

this factor must also be included in the sensitivity optimization procedures. 

Instead of using the standard rf excitation pulses, an adiabatic pulse can be 

designed for use with a surface coil to achieve almost uniform flip angle throughout 

the excited region. A preliminary experiment using an adiabatic half-pulse on the 

1.5T magnet system produced almost a factor of two sensitivity gain in a simple 

phantom. This pulse sequence will be developed further with the requested system, 

tested with phantoms and animals, and refined for eventual implementation in human 

studies. 

In conjunction with sensitivity optimization, techniques to localize the region of 

interest, pertinent to our spectroscopic applications, will be investigated. A few 

possible approaches with their pro and cons are summarized below. 

Depth-resolved surface spectroscopy (DRESS) 

A 90 degree selective excitation pulse, applied in the presence of a BO gradient 

along the depth axis of the surface coil, results in the excitation of a plane 

parallel to the area of the surface coil (Sl). The lateral extent of this plane, 

however, is determined by the sensitivity profile of the surface coil and is not 

well defined since the isocontours curve backwards, although this may not be a major 

problem because there is almost no background uptake of 19F in our applications. The 

gradient is turned off, and a gradient refocussing pulse is then applied to generate 

the signal via a gradient echo. The duration of the signal is limited by T2*, i.e., 

the effective T2 value in the presence of field inhomogeneities. Thus, the major 

problem with DRESS that we may encounter in our work is that turning gradients on 
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and off  produces eddy currents requiring a waiting period before data can be 

acquired, resylting in the loss of signal from short T2* components. The i n - v i v o  T2* 

values of relevant 19F components are not known to US at the present time. 

Volume selective excitation (VSE) 

Like DRESS, VSE utilizes selective rf pulses in the presence of BO gradients to 

define a sensitive volume. The difference lies in the manner in which the sensitive 

region is formed. Composite pulses are applied along each axis in the presence of 

gradients such that at the end of the sequence, nuclei within a selected cubical 

volume are left with their original longitudinal magnetization, whereas nuclei 

elsewhere have their magnetization tilted in the transverse plane (52). The 

transverse magnetization dephases rapidly producing no signal. Subsequently, a 90 

degree read pulse with the gradients turned off provides a localized signal from the 

selected region. The advantage of this method over DRESS is that it allows for 

additional time (proportional tb Ti rather than T2*) to switch gradients and to wait 

for the eddy currents to dissipate. The disadvantage is that high powered rf pulses 

are required. to produce accurate flip angles, implying that a body rf coil is 

essential to produce accurate flip angles. If the flip angles are not accurate, 

nuclei outside the region of interest may contribute a much larger net signal than 

that from the selected region, rendering the technique practically useless. 

lmage selected i n - v i v o  spectroscopy (ISIS) 

The above limitation of VSE is reduced in I S I S  which does not require an accurate 

flip angle, and surface coils could therefore be used to excite and receive. A 

combination of frequency selective inversion pulses in the presence of BO gradients 

is used to generate positive and negative signals from the selected and surrounding 

regions (53). A series of eight experiments, with resulting FIDs  added while 

maintaining their proper sign, produces localization in cubical volumes. Like VSE, 

the data acquisition window is controlled by Ti decay. Thus, gradient switching and 

eddy currents are less of a problem than DRESS. 

At this stage it appears that ISIS or approaches related to ISIS may be the best 

choice for our work. Test-object and animal studies will be conducted to evaluate 

ISIS as well as related approaches with the requested instrument to determine the 

optimum technique for 19F human studies. 

Phase-encoded spectroscopic localization 

In situations such as encountered in our work where signals are inherently weak, an 

alternative to the volume localization techniques described above may be to acquire 
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first  t h e  s i g n a l  from a l a r g e r  r e g i o n  and t h e n  s u b d i v i d e  it i n t o  smaller " p o i n t "  or 

l o c a l i z e d  r e g i o n s  through mathematical  p o s t p r o c e s s i n g .  W e  p ropose  t o  i n v e s t i g a t e  a 

spa t ia l  encoding  t e c h n i q u e  f o r  spec t roscopy,  s imilar  t o  imaging, where  a g r a d i e n t  

would be a p p l i e d  a long  t h e  d e p t h  a x i s  of a s u r f a c e  c o i l  t o  encode phase.  Data are 

a c q u i r e d  a f te r  t u r n i n g  t h e  g r a d i e n t  o f f ,  and t h e  sequence r e p e a t e d  N t i m e s ,  w i t h  N 

d i f f e r e n t  g r a d i e n t s ,  similar t o  t h e  procedure  used i n  phase  encoded imaging. The 

l a t e r a l  r e s o l u t i o n  i n  t h i s  t e c h n i q u e  would be l imi t ed  by t h e  s e n s i t i v i t y  p r o f i l e  of 

t h e  s u r f a c e  co i l .  A f t e r  each g r a d i e n t  p u l s e ,  t h e  FID w o u l d  be a c q u i r e d  on M p o i n t s ,  

and  a 2-D F o u r i e r  t r a n s f o r m  w i t h  t h e  NxM d a t a  p o i n t s  performed to o b t a i n  spectra 

f r o m  N S u c c e s s i v e  Slices o r i e n t e d  p a r a l l e l  t o  t h e  a r e a  of t h e  s u r f a c e  c o i l .  The 

d e p t h  r e s o l u t i o n  i s  determined by N and t h e  chemical  s h i f t  r e s o l u t i o n  by M. The 

v a l u e  of N i n  practice w i l l  depend on t h e  s e n s i t i v i t y .  W e  e x p e c t  t h a t  it s h o u l d  be 

possible t o  set N i n  t h e  8-16 range  f o r  t h e  proposed 19F s t u d i e s .  

I t  may a l so  be possible t o  perform phase encoded s p e c t r o s c o p y  u s i n g  a B1 g r a d i e n t  

( 5 4 ) .  The B1 g r a d i e n t  can be changed i n  steps by changing t h e  d u r a t i o n  a n d / o r  

s t r e n g t h  of t h e  c u r r e n t  th rough t h e  s u r f a c e  c o i l .  Data a c q u i r e d  a f t e r  each s t e p  are 

p h a s e  encoded i n  one-dimension, and a subsequent  F o u r i e r  Transform l o c a l i z e s  spectra 

on  slices approximate ly  para l le l  t o  t h e  area of t h e  s u r f a c e  co i l .  Again, s i n c e  t h e  

B 1  i s o c o n t o u r s  c u r v e  backward, t h e  d e l i n e a t e d  slices are n o t  as w e l l  d e f i n e d  as 

t h o s e  o b t a i n e d  from BO g r a d i e n t s .  However, t h i s  method is r e l a t i v e l y  simple and does 

n o t  r e q u i r e  s w i t c h i n g  BO g r a d i e n t s .  

19F Spectroscopic Quantitation 

A q u a n t i t a t i o n  of 5FU and i t s  p r o d u c t s  in-vivo is  needed t o  e n a b l e  development of 

models f o r  e x p l a i n i n g  t h e  k i n e t i c s  of  drug  uptake ,  washout and chemica l  

t r a n s f o r m a t i o n  as described i n  several s e c t i o n s  of t h i s  p r o p o s a l .  Q u a n t i t a t i v e  19F 

s p e c t r o s c o p y  i n  c o n j u n c t i o n  w i t h  q u a n t i t a t i v e  18F PET imaging i s  expec ted  t o  provide 

s y n e r g i s t i c  i n f o r m a t i o n  i n  deve loping  a c c u r a t e  pharmacokinet ic  models t h a t  w i l l  have 

great s i g n i f i c a n c e  i n  t h e  chemotherapeut ic  t r e a t m e n t  of an  i n d i v i d u a l  p a t i e n t .  

I n i t i a l l y ,  w e  propose t o  develop  t e c h n i q u e s  to perform a r e l a t i v e  q u a n t i t a t i o n  o f  

19F spectra w i t h  respect t o  a s t a n d a r d ,  and i n  para l le l ,  i n v e s t i g a t e  t h e  

poss ib i l i t i e s  o f ,  and problems i n h e r e n t  t o ,  a b s o l u t e  q u a n t i t a t i o n .  

The r e l a t i v e  q u a n t i t a t i o n  approach relies on measuring a c c u r a t e l y  t h e  area of p e a k s  

a s s i g n e d  t o  t h e  v a r i o u s  chemical components t h a t  can  be v i s u a l i z e d  i n  t h e  spectra. 

The f o l l o w i n g  g e n e r a l  p rocedure ,  adapted  from (S5), w i l l  be i n v e s t i g a t e d .  

L e t  A,  V, S I  f ( T l ) ,  f ( T 2 )  d e n o t e  t h e  area of a peak, t h e  volume from which t h e  

s i g n a l  is detected, t h e  s e n s i t i v i t y  of t h e  s u r f a c e  c o i l ,  a f u n c t i o n  of T1 ,  and  a 
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function of the effective T2 (including field inhomogeneities) respectively. The 

quantitated cgncentration 'C' of a determined 

from the following equation. 

specified chemical component is then 

A.V'.S'.f(Tl)'.f(T2)' 

A1.V.S.f(Tl).f(T2) 
....................... c =  

where primes are used to denote values from a standard. ' A '  is measured from the 

area of the peaks, and 'V' is determined by the sensitivity profile of the coil in 

conjunction with the rf exitation pulse (normal or adiabatic) and the particular 

spectroscopic localization technique used. As mentioned earlier, we are etill 

searching for a suitable spectroscopic localization technique for our application. 

The sensitivity profile of the surface coil may be delineated from an equivalent 

proton image since the resonance frequencies of only. 

The sensitivity factor 'S' depends, among other factors, on the 'Q' value of the 

coil, which in turn depends on bow well it is tuned. The functions of Ti and T2 are 

dependent on the particular pulse sequences used. Optimal placement of a standard 

for reference is still under investigation. Various test-objects will be studied, 

and several standards for generating the reference signals, for example, small beads 

containing known amounts of 5FU, FBAL or 5FUR (as a representative of the 

nucleosides/nucleotides that appear at the FNUC peak) will be investigated to 

evaluate the quantitation procedure. 

protons and 19F differ by 5% 

5) Imaging Research (Manbir Singh, Ph.D.) 

There are two ongoing projects related to development of instrumentation and 

techniques in NMR imaging that we wish to pursue with the requested instrument. The 

first pertains to echo planar imaging and the second to flow imaging. These are 

briefly described below. 

T2 Effects in Echo Planar Imaging 

A major limitation of conventional magnetic resonance imaging (MRI) techniques is 

the relatively long data acquisition time required for collecting a complete set of 

samples to reconstruct tomographic or three-dimensional images o f  the human body. 

This limitation is set mainly by the pulse repetition rate TR as constrained by the 

relatively long (-1s) longitudinal relaxation time Ti of biological tissue. The data 

acquisition time in a typical spin echo head scan, for example, is on the order of 

minutes, and longer acquisition times are normally required for other regions of the 

body. Respiratory, cardiac and bodily motion, as well as flowing blood and fluids in 

the body represent potential sources of error in the images reconstructed from data 

acquired over such long scan times. 
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Several innovative approaches have been developed in MRI to reduce the data 

acquisition time. These may be divided in two broad categories. One category is 

based on reducing TR in conjunction with small flip angles (instead of the commonly 

used 90 deg flip angle). By optimizing the flip angle and utilizing gradient echoes, 

it is possible to cut the scan time to a few seconds with a small penalty in the 

signal-to-noise ratio (SNR). The second category, which can complete data 

acquisition in about 50ms for a single slice, is based on the echo-planar imaging 

(EPI) approach, first described by Mansfield in the mid-1970s (S6). In a current 

version of the EPI approach, an initial slice-selective 90 deg rf pulse is 

followed by an oscillating gradient field along one axis (e.g., the y-axis) and a 

constant or a sharp pulsed ("blip") gradient along an orthogonal axis (e.g., the 

x-axis) to generate a train of gradient echoes (S7). Each echo within this train 

represents a row in k-space, i.e., a row within the two-dimensional (2-D) Fourier 

Transform (FT) of the object. If appropriate x and y phase encoding gradients are 

applied before the oscillating gradient field, the k-trajectory in the above 

sequence traces a rectilinear path through the planar k-space, sequentially sampling 

the entire k-space following a single 90 degree excitation, thereby generating what 

is referred to as an "instant snapshot" image. 

1 

An inherent limitation of the EPI technique, in addition to the hardware and 

gradient power requirements, is the constraint imposed on the data acquisition time 

by T2* of the excited region. The acquired k-space samples are sequentially weighted 

by T2* along the k-trajectory. Due to magnetic field inhomogeneities, T2* may lie 

in the 10-100ms range for some biological tissues, where its value is comparable to 

the data acquisition window. Short T2 components impart a transient weight to the 

acquired data, thereby distorting the measurements and the resulting images produced 

by an Inverse Fourier Transform (IFT) of the k-space samples. 

A possible strategy to reduce the effects of T2 is to shorten the data acquisition 

window. The acquisition time, however, cannot be reduced arbitrarily because it is 

limited by the switching rate of the gradients, the sampling rate of the analog to 

digital converters, and the truncation errors that would result from a short 

acquisition window, ultimately limiting the resolution in the images. We are 

investigating several approaches to correct for distortions in echo planar images 

caused by short T2 components (Sa-Sll). In an iterative approach ( S I O I S 1 l ) ,  which 

appears to be very promising, the values of T2 are initially estimated from a set of 

images produced by the inverse Fourier Transform of the geometric mean of Hermitian 

symmetric points. The estimated T2 values are then used to compute k-space data, 

which, when compared with the true data, provide error datasets and corresponding 
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images t o  i t e r a t i v e l y  r e f i n e  t h e  estimates of  T2. Images corrected f o r  T2* decay are 

t h e r e b y  g e n e r a t e d  a t  s p e c i f i e d  echo t i m e s .  Computer s i m u l a t i o n  s t u d i e s  of s e v e r a l  

phantoms show good convergence under  a v a r i e t y  of c o n d i t i o n s .  T h i s  procedure  should  

e n a b l e  w i d e r  data a c q u i s i t i o n  windows t o  be u t i l i z e d  i n  echo p l a n a r  or s p i n  echo 

images, l e a d i n g  t o  better r e s o l u t i o n  or better s i g n a l  t o  n o i s e  r a t i o .  The procedure  

c o u l d  a l so  be a p p l i e d  t o  s p e c t r o s c o p y  t o  reduce  T2* r e l a t e d  a r t i f a c t s  and e n a b l e  

w i d e r  data  a c q u i s i t i o n  windows. 

s 

The requested i n s t r u m e n t  w i l l  n o t  have enough g r a d i e n t  power t o  perform s t a n d a r d  

e c h o  p l a n a r  imaging over t h e  f u l l  f i e l d  of  view of t h e  magnet. However, it should  be 

possible t o  g e n e r a t e  enough power w i t h i n  a small c e n t r a l  r e g i o n  t o  e n a b l e  u s  t o  

v e r i f y  o u r  c o n c e p t s  by u s i n g  a s m a l l  object  or small animals .  W e  propose t o  d e v e l o p  

t h e  n e c e s s a r y  sequences and a l g o r i t h m s  t o  perform echo p l a n a r  imaging of small 

objects. I n  a d d i t i o n  w e  w i l l  a lso p u r s u e  f a s t  imaging t e c h n i q u e s  such a s  'RARE' 

sequences  ( S 1 2 ) ,  which  are similar i n  c o n c e p t  t o  echo p l a n a r ,  b u t  can  be implemented 

u s i n g  s t a n d a r d  hardware.  Our p r e l i m i n a r y  exper iments  sugges t  t h a t  RARE would a l so  

require T2 c o r r e c t i o n s  s i m i l a r  t o  echo  p l a n a r ,  and w e  have i n v e s t i g a t e d  t e c h n i q u e s  

t o  e n a b l e  c o r r e c t i o n  under a v a r i e t y  of p u l s e  sequences (S12) .  

Flow related effects 

Moving p r o t o n s  produce e i t h e r  t i m e - o f - f l i g h t  o r  phase  r e l a t e d  e f f e c t s  i n  NMR 

imaging. Phase  s h i f t s  are produced by movements of t h e  p r o t o n s  a l o n g  t h e  y or x 

axis, i.e., t h e  a x e s  a long  which t h e  phase encoding and t h e  read-out  g r a d i e n t s  are 

applied i n  typ ica l  imaging p u l s e  sequences .  These phase s h i f t s  produce many 

n o n - l i n e a r  e f f e c t s  on t h e  r e s u l t i n g  images.  On t h e  one hand, t h e s e  e f f e c t s  may 

r e s u l t  i n  s e v e r a l  t y p e s  of  a r t i f a c t s  as w e l l  as a loss i n  t h e  s i g n a l .  On t h e  other  

hand, t h e  same phase s h i f t s  may be c o n t r o l l e d  t o  produce images d e p i c t i n g  desired 

f l o w  c h a r a c t e r i s t i c s ,  g i v i n g  NMR i ts  u n i q u e  a b i l i t y  t o  image and e v e n t u a l l y  q u a n t i f y  

in-vivo f low.  

The f l o w  induced  phase s h i f t s  depend o n  of  

t h e  flow parameters w i t h  t h e  parameters of t h e  specific imaging p u l s e  sequence used 

i n  a s t u d y .  To v i s u a l i z e  t h e  e f f e c t  of phase s h i f t s  on s p i n  echo images a c q u i r e d  

u n d e r  a v a r i e t y  of c o n d i t i o n s ,  w e  have i n i t i a t e d  a computer s i m u l a t i o n  s t u d y  u s i n g  a 

phantom c o n t a i n i n g  s t a t i o n a r y  as w e l l  as f lowing  r e g i o n s  (S13). The role  of 

p a r a m e t e r s  such  as f low d i r e c t i o n ,  mean v e l o c i t y ,  v e l o c i t y  modulat ion,  g r a d i e n t  

p u l s e s ,  e c h o  t i m e  and data sampling time i n  producing  a r t i f a c t s  and t h e  r e d u c t i o n  o f  

t h e s e  ar t i facts  by a f low compensating p u l s e  have been examined. I t  is shown t h a t ,  

s e v e r a l  v a r i a b l e s  r e l a t e d  t o  a c o u p l i n g  
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due to the finite data sampling window, the flow compensating pulse cannot fully 

correct for  phase shifts even for first-order motion (S13). 

We propose to use the requested instrument to perform test-object and animal studies 

of basic flow phenomena and relate the experimental results to our ongoing 

theoretical studies. Of paricular interest are the study of turbulent and pulsatile 

motion which would have numerous clinical applications, for example, in imaging the 

heart or in angiography. Also, our studies will allow us to develop methods to 

reduce motion related artifacts in practical imaging. In addition, we also propose 

to extend our work to image diffusion and perfusion related effects using 

test-objects and animals. 
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QUALIFICATIONS OF THE FACULTY 

The faculty participating in this proposal have all documented their interest and 

have active involvement in the use of NMR techniques in biomedical and clinical 

work. Thus, Prof. Wolf has been dedicated his research, funded by DOE, to the 

development of methods and techniques that would allow the measurement, in living 

systems, of how much of a drug is activity. 

Such information is not available from blood measurements, but requires measurement 

at the drug's site of action. Such work has required the formation of a team, 

composed by specialists in various disciplines, that would collaborate on the 

DOE-funded programs. This team includes Prof. Manbir Singh, who, with a background 

in Physics, has specialized the development of novel approaches in Medical Imaging; 

Prof. Kenneth L. Servis, who has expanded his interests from chemical NMR 

spectroscopy into their application to biomedical problems; Prof. Cary A. Presant, 

who as an eminently successful practicing oncologist provides key clinical insights 

and expertise into this work; Prof. David Z. D'Argenio, whose work in the 

development of novel computational methods for pharmacokinetics has found a logical 

field of application in the development of Radiopharmacokinetics; Prof. Alan 

Schumitzky, who has and is providing unique new insights into the application of 

mathematical concepts into the solution of the computational problems encountered in 

the development of the Radiopharmacokinetic technique; Prof. Kenneth K. Chan, whose 

understanding of pharmacokinetics as applied to cancer allows for a good correlation 

between our methods and those currently in use; and R. Ricardo Brechner, Assistant 

Professor of Research Radiology, whose original training as an MD, followed by a 

Ph.D. in Biomedical Engineering, bring his dual understanding and expertise in 

medical imaging and data processing, as well as pharmacology and 

radiopharmacokinetics, to the development of this new field. 

required at the target site to exhibit 

Conventional methods of analysis that require sampling inroduce a significant 

perturbation into the system, thereby modifying the very phenomena we are trying to 

measure. The PI has categorized this notion, analogous to Heissenberg's Principle of 

Uncertainty, as the Biological Principle of Uncertainty. However, if and when we can 

measure events which do not perturb the system (e.g., noninvasively), then we may be 

able to gain information heretofore unavailable. NMRS is particularly suited to the 

study of drugs, inasmuch as such materials are administered, for pharmacological 

reasons, in significant amounts, and because they may possess, in their molecule, 

unique markers suitable for noninvasive NMR detection and measurement. 19F is one 

l o b 3 1 3 9  - 26 .. 



such marker, and there are over 40 drugs now in the pharmacopeia1 armamentarium that 

are fluorinated. The PI has worked for several years with 5-fluorouracil, and shown 

that its metabolism can be detected, using NMRS, in the liver of humans and animal 

models; that there are significant species differences; that 5FU can be detected in 

the tumors of rabbits, rats and humans, and that trapping of 5FU may offer a direct 

correlation between NMRS measurements and prediction of clinical response. Thus, 

Prof.  Wolf has a documented interest and track record in the use of NMR in clinical, 

biochemical and pharmacological studies. 

I 

The other investigators are all highly qualified and with active experience and 

expertise in NMR studies, including basic high field (Servis, Singh, Chan), clinical 

(Waluch, Presant) and animal systems (Servis, Singh). Further support to our group 

is provided by Dr. Presant's medical oncology colleages, and David 2 .  D'Argenio, 

Ph.D., for computational methods for the radiopharmacokinetic analyses. Although not 

directly related is the work that Prof. Singh has started in neuromagnetic imaging, 

one further utilization of magnetic phenomena in biomedical research. 

LIFE SPAN, OPERATION AND MAINTENANCE OF TEE BIOMEDICAL NMR IMAGING SPECTROMETER 

While it is difficult to predict the probable life-span of the type of instrument 

requested, the PI has a track record of maintaing and utilizing, for many years, any 

equipment acquired. Thus, we are still using some of the nuclear equipment purchased 

in the 1960's, and the PI'S E-3 ESR spectrometer was only retired recently, after 

more than 15 years of active service. 

Operationally, this instrument will be operated by the PI, the coinvestigators, and 

their graduate students and post-doctorals. The PI plans to have one technician or 

postdoctoral assigned to be responsible for  the operation and maintenance of this 

important resource. Funding €or such an individual will come from the grants of the 

PI and of his coinvestigators. Currently, the PI is paying $450/day for access to 

the only other wide bore NMR spectrometer in the Los Angeles basin. Assuming 20 days 

of operation of the biomedical NMR imaging spectrometer, and if the same rates were 

to be charged, this would result in an annual "income" of over $100,000. No final 

decision has yet been made on how including 
the technicianfpostdoctoral, but obviously such sharing is required. It is expected 

that as the potential of this technology becomes more widely appreciated and 

understood by the scientific community, the rate of demand for the utilization of 

this instrument will grow to the point where an additional wide-bore NMR might be 

needed in 3-5 years. 

to share the NMR's operating expenses, 
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The o p e r a t i o n  of t h e  NMR f a c i l i t y  w i l l  be  s u p e r v i s e d  by a Committee selected f rom 

among t h e  u s e q s  l isted i n  t h i s  p roposa l  ( P r o f s .  Chan, P r e s a n t ,  S e r v i s ,  S i n g h ,  Waluch 

and wolf) ,  as w e l l  as new users t h a t  may be added s u b s e q u e n t l y .  

INSTITUTIONU PLANS FOR COST-SEARING 

The c o s t - s h a r i n g  plan proposed by USC is  t h a t  w e  a r e  r e q u e s t i n g  f r o m  DOE a g r a n t  for 

67% of t h e  cost of t h e  NMR, p l u s  t h e  maintenance for y e a r s  02 and 03, whereas  USC, 

t h r o u g h  f u n d s  a v a i l a b l e  t o  t h e  P I  and t h e  c o - i n v e s t i g a t o r s ,  w o u l d  p r o v i d e  t h e  other 

33%, p l u s  t h e  costs of t r a n s p o r t a t i o n ,  b u i l d i n g  r e n o v a t i o n  and payment of sales 

t a x e s ,  a5 w e l l  t h e  o p e r a t i n g  and maintenance of t h e  NMR a f t e r  y e a r  3. Otsuka 

E l e c t r o n i c s ,  USA, has o f f e r e d  t o  p r o v i d e  5240,000 towards t h e  p u r c h a s e  of t h e  

b iomedica l  N M R  imaging spec t rometer .  T h i s  h a s  provided  t h e  basis of t h e  matching 

needed t o  request t h e  c u r r e n t  g r a n t .  

USC, as a p r iva t e  U n i v e r s i t y ,  d-oes not  have a s o u r c e  of i n t e r n a l  funds  ava i lab le  f o r  

c a p i t a l  equipment  purchases .  Indeed, it meets t h e  requi rements  t h a t  have l e d  Federal 

a g e n c i e s ,  s u c h  as DOE, to provid ing  t h e  funds  r e q u i r e d  f o r  a c q u i s i t i o n s  of n e c e s s a r y  

r e s e a r c h  equipment .  USC has ,  on t h e  o t h e r  side,  been q u i t e  s u c c e s s f u l 1  i n  r a i s i n g  

funds  f o r  i t s  programs, as w e l l  a s  for  i n d i v i d u a l  f a c u l t y  members. 

USC w i l l  pay for t h e  t r a n s p o r t a t i o n  of t h e  biomedical NMR imaging spectrometer, t h e  

r e n o v a t i o n s  r e q u i r e d  €or i t s  i n s t a l l a t i o n ,  t h e  t a x e s  t h a t  w i l l  have t o  be paid, as 

w e l l  as any f u r t h e r  expenses  t h a t  are needed t o  keep t h i s  i m p o r t a n t  equipment 

o p e r a t i o n a l  . 

DISCUSSION OF HOW W E  BELIEVE THAT W E  HAVE ADDRESSED TEE COMMENTS BY THE REVIEWERS OP 

THE PRIOR APPLICATION 

Inasmuch as t h i s  proposal had been reviewed p r e v i o u s l y  i n  1969/90 ( 9 0 0 2 - 1 9 5 ) ,  it 

would appear a p p r o p r i a t e  t o  address some of t h e  q u e s t i o n s  t h a t  were raised i n  such 

rev iews .  Although these reviewes w e r e  unanimously h i g h l y  f a v o u r a b l e ,  t h e  p r o p o s a l  

w a s  n o t  funded.  One of t h e  f e w  n e g a t i v e  comments w a s  t h a t  no d e s c r i p t i o n  of t h e  PET 

related programs w e r e  inc luded  i n  t h e  w r i t e  up. T h i s  i s  because no funds  are 

r e q u e s t e d  f o r  s u c h  s t u d i e s .  They are f u l l y  described i n  t h e  r e g u l a r  DOE program, and 

w e  wonder if t h e  r e v i e w e r s  may have access t o  those. This  same r e v i e w e r  comments 

about  r e s o l u t i o n  and s e n s i t i v i t y .  Indeed, t h s  i s  o n e  of  t h e  precise r e a s o n s  €or o u r  

r e q u e s t i n g  t h i s  i n s t r u m e n t ,  i n s t e a d  of c o n t i n u i n g  t o  operate, on a v e r y  part-time 

basis, a t  t h e  Hunt ington  Research I n s t i t u t e .  We wish  t o  implement t h e  l o c a l i z a t i o n  

t e c h n i q u e s  t h a t  have been d iscussed  i n  P r o f .  S i n g h ' s  s e c t i o n  of t h i s  proposal, as 
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well ae be able to operate on a daily schedule, rather than be limited to a single 

day a week. More on that below. Finally, this reviewer questions the availability of 

graduate students in the NMRS area. Because of our integration and collaboration 

with Biomedical Engineering, Chemistry and Radiology, we have full access to 

personnel and students in those areas. While we expect to recruit graduate students 

for this program, we have had excellent success in training graduate students in 

Medicinal Chemistry/Pharmacy for undertaking and performing NMRS studies. They are 

fully qualified. 

I 

Another reviewer has asked about the NIH proposal. This has now been approved and 

recommended for funding, with a good priority (19%). Although it was not funded in 

the December 1990 round, we have been advised that there is a very high expectation 

for it to be funded in February 1991. Another question of the reviewers relates to 

the notions of tracers. While, in nuclear medicine, we need to radiolabel materials 

and use [radioactive] tracers, and while such studies can be extended to NMR with 

nuclides such as 13C, a stable isotope of carbon 12, the proposed work does not use 

tracers. Rather, is makes use of the full power of the atoms already present in the 

very molecules that we are interested in measuring. Thus, 19F has an abundance of 

100%: all natural fluorine is 19F, and we are therefore able to measure fluorinated 

drugs and their fluorinated metabolites without any further addition of any tracers. 

Furthermore, we now intend to extend such studies to other drugs, given the 

significant progress being made in 1H spectroscopy in vivo. While most of the 

current work has and is being done in the methyl region (1-3 ppm chemical shift) and 

has focused, as in the case of the 31P work, on physiological compounds, most drugs 

have protons in the aromatic and heterocyclic regions (6-12 ppm). We believe that 

drug studies are now possible in this region, allowing us to extend these concepts 

of noninvasive pharmacology to most drugs whose dosages are in NMR-detectable 

amounts. We have not proposed detailed experiments for such an much broader 

extension of the pharmacological NMRS studies because we have not yet had time to 

collect the necessary preliminary data. This will be possible if we have our own 

magnet, which could be scheduled for a number of such exploratory studies. A even 

more critical reason for our  own magnet, as opposed to using, on a one day a week, 

the Huntington instrument, is that we are not currently able to perform true 

longitudinal studies: studying the same animal in successive days, and studying 

animals the day their tumor have reached the optimal level of growth. Thus, our own 

magnet is no longer a question of convenience: it is a necessity to perform studies 

in a rigorous, systematic manner. We have documented what we can do under difficult 

conditions. We are now requesting support to show what we can do under much better 

conditions. 
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In addition of their contribution to cost-sharing for the acquisition of the 

Biomedical NMR, spectrometer, we have been advised by Otsuka that they wish to 

collaborate with us in a more sustained manner. Their corporate structure has been 

reorganized, and Dr. Ray Nunally has joined them as Director f o r  Research. New 

software specially suitable €or pharmacological studies should now be made 

available for this 4.7T magnet, as is being made available €or the 2T Siemens 

magnets, now operating on the SP2 software. 

Finally, we have deleted all projects other than those from Dr. Singh and myself: 

Dr. Lewis has left USC, Drs. Colletti and Turk are using the clinical Gyroscan 

system for some of their studies, and while Dr. Chan continues interested in the in 

vivo interaction of drugs with receptors and enzymes, he recognizes the need to 

collect preliminary data. This will be possible once our system is available. 

Indeed, it will be possible €or a number of other investigators at USC to get such 

preliminary data, and thereby expand, significantly, the research capabilities of 

this institution. 
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Nuclear Magnetic Resonance Spectroscopy Pharmacokinetics. C.A. Presant, W. Wolf, 
M . J .  Albright, K.L. Servis, R. Ring 111, D. Atkinson, R.L. Ong, C. Wiseman, M. 
King, D. Blayney, P. Rennedy, A. El-Tahtawy, M. Singh and J. Shani. J. Clin 
Oncol. 8, 1868-73, 1990 

46. Wolf, W, Presant, CAI Servis, KL, El-Tahtawy, A, Albright, MJ, Barker, PB, Ring, 
R, Atkinson, D, Ong, R, Singh, MI Ray, M I  Wrseman, C, Blayney, D and Shani, J.: 
Tumor Trapping of 5-Fluorouracil : in vivo 19F-NMR Spectroscopic Pharmacokinetics 
in Tumor-bearing Humans and rabbits. Proc. Natl. Acad. Sci., 86, 492-496, 1990 

41. Singh, M., Brechner, R.R., Oshio, IC., Leahy, R., and Henderson, V., SQUID 
Neuromagnetic Reconstruction of Brain Activity, SPIE 1351, 417-426, 1990 

40. Singh, M. and Brechner, R.R.: First Experimental Test Object Study of 
Electronically Collimated SPECT. J. Nucl. Med., 31, 178-186, 1990 

39. Singh, M. and Brechner, R.R.: SQUID Tom0 raphic Neuromagnetic Imaging. Int. J. 
Imag. Systems t Technol. , 1, 218-222, 1998 

38. Oshio, K. and Singh, M.: A Computer Simulation of T2 Decay Effects in Echo 
Planar Imaging. Magnetic Resonance in Medicine, 11, 389-397, 1989 

37. Singh, M:, Leahy, R., Brechner, R.R. and Yan, X.: Design and Imaging Studies of 
a Position Sensitive Photomultiplier Based Dynamic SPECT System. IEEE Trans. 
Nucl. Sci. NS 36, 1132-1137, 1989 

36. Brechner, R.R. and Singh, M.: Comparison of an Electronically Collimated System 
and a Mechanical Cone-Beam System for Imaging Photons. IEEE Trans. Nucl. Sci. NS 
36, 649-653, 1988 

35. Singh, M., Horne, C., Maneval, D., Amartey, J. and Brechner, R.: Non Uniform 
Attenuation and Scatter Correction in SPECT. IEEE Trans. NuCl. Sci. NS-35, 

34. Singh, M., Leahy, R., Brechner, R. and Hebert, T.: Noise Propagation in 
Electronically Collimated Single Photon Imaging, IEEE Trans. Nucl. Sci. NS-35, 

33. Hebert, T., Leahy, R. and Singh, M.: Fast Maximum Likelihood Estimation for 
SPECT. IEEE Trans. Nucl. Sci. NS-35, 615-619, 1988 

32. Jeffs, B., Leahy, R. and Singh, M.: An Evaluation of Methods for Neuromagnetic 
Image Reconstruction. IEEE Trans. Nucl. Sci. BME-34(9), 712-723, 1987 

31. Singh, M. and Horne, C.: Use of a Germanium Detector to Study Scatter Correction 
in SPECT. J. Nucl. Med. 28, 1853-1860, 1987 

30. Brechner, R., Singh, M. and Leahy, R.: Computer Simulated Studies of Tomographic 
ReCOnstrUCtiOn with an Electronically Collimated Camera for SPECT. IEEE Trans. 
Nucl. Sci. NS-34(1), 369-372, 1987 

29. Brechner, R. and Singh, M.: Reconstruction of Electronic Collimated Images 
Obtained from Single Photon Emitters Using a Spherical System of Coordinates. 
IEEE Trans. Nucl. Sci. NS-33(1), 583-586, 1986 

28. Singh, M., and Doria, D., Single Photon Imaging with Electronic Collimation, 
IEEE Trans. Nucl. Sc. NS-32(1), 843-847, 1985. (Invited paper) 

27. Singh, M., Doria, D., Huth, G.C., and Beatty, J. ,  Reconstruction of Images from 
Neuromagnetic Fields. IEEE Trans. Nucl. Science NS-31 (1): 585-589, 1984. 

26. Singh, M., and Henderson, V.W., Feasibility of Neuromagnetic Imaging of 
Cognitive Processes. Annals of Neurolouy 14: 144, 1983. 
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120. Human Tumor 5-Fluorouracil Trapping: Clinical Correlations of in-vivo 19F 
Nuclear Magnetic Resonance Sp@ctroscopy Pharmacokinetics. C.A. Presant, W. 
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Imaging. Clinical Results of the International Liposome Imaging Study. J. 
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Evaluation of Quality of Life in Cancer Patients. J. Natl. Cancer Inst. a, 
322-323, 796, 1990. 

117. Presant, CAI Blayney, D, Proffitt, RT et al: Preliminary Report: Imaging of 
Kaposi Sarcoma and Lymphoma in AIDS with Indium-111 Labelled Liposomes. Lancet - 335 I 1307-1309, 1990. 

116. Wolf, W, Presant, CA, Servis, K L ,  El-Tahtawy, A, Albright, MJ, Barker, PB, 
Ring, R, Atkinson, D, Ong, R, Singh, M I  Ray, MI Wiseman C, Blayney, D and 
Shani, J. : Tumor Trapping of 5-Fluorouracil: in vivo 19F-NMR Spectroscopic 
Pharmacokinetics in Tumor-bearing Humans and rabbits. Proc. Natl. Acad. Sci., 
1989, 87, 492-496, 1990. 

115. Presant, CA, Forseen, EA, Proffitt, R.T. et al. Liposome targeted chemotherapy. 
Murine and Human evidence for targeting and initial clinical results. 
Abstracts, 6th. NCI-EORTC Symposium on New Drugs in Cancer Therapy, Amsterdam, 
1989. 

114. FOrSSen, E.A., Coulter, D . M . ,  Presant, CA and Proffitt, R.T.: Chemotherapy of 
solid tumors in-vivo using site-directed daunorubicin liposomes. Proc. Am. SOC. 
Canc. Res. 30, 604, 1989. 
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11. 

12. 

13. 

14. 

15. 
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18. 
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- -  
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Brechner. R . R . ,  D.Z. D'Araenio, R. Dahalan and W. Wolf, Non-Invasive Estimation _ _ ~ ~  ~ 

of Bound and Mobile - Platinum Compounds in the Kidney Using a 
Radiopharmacokinetic Model. J. Pharm. Sci., 53, 873-877, 1986. 
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models. Marine Biology 95, 209-15, 1987 
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D'Argenio, D.Z. and Marmarelis. Experimental design for biomedical system 
modeling. Encyclopedia of Systems and Control: Biological Control Systems. 
Pergamon Press, London, pp. 486-490, 1988 
D'Argenio, D.Z. and M. Van Guilder. Design of experiments for parameter 
estimation involving uncertain dynamic systems, with application to 
pharmacokinetics. Proc. 12th. World Congress on Scientific Computation, Paris, 
France, pp. 511-513, 1988. 
Katz, D. and D.Z. D'Argenio. Stochastic control of pharmacokinetic systems: 
Open-loop feedback strategies. Proc. 1st. IFAC Symp. on Modelling and Control in 
Biomedical Systems, Venice, Italy, pp: 560-566, 1988. 
Xurland, I.J. and D.Z. D'Argenio. A minimal model of liver glycogen metabolism: 
Feasibility for predicting flux rates. J. Theor. Biol. 135, 345-358, 1988. 
D'Argenio, D.Z. and D.C. Maneval. Estimation approaches for modeling sparse data 
systems. Proc. 1st. IFAC Symp. on Modelling and Control in Biomedical Systems, 
Venice, Italy, pp. 377-382, 1988. 
Maneval, D.C., D.Z. D'Argenio and W.Wolf: A Kinetic Model for Tc-99m DMSA in the 
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42. Lee, Y.J. and K.K. Chan. Metabolic interaction between methotrexate and M S A  in 
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conductivity detection. J. Chromatogr. 428, 331-339, 1988. 
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49 1 
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41) 
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C.A. Presant, W. Wolf, M . J .  Albright, K.L. Servis, R. Rin 111, D. Atkinson, 
R.L. ong, C. Wiseman, M. King, D. Blayney, P. Kennedy, A. E?-Tahtawy, M. Singh 
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E. Ryzen, K . L .  Servis and R.K. Rude: "Effect of intravenous epinephrine on 
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W. Wolf, C.A. Presant, K.L. Servis, A. El-Tahtawy, M. JT Albright, P. B. 
Barker, R. Ring 111, D. Atkinson, R. Ong, M. King, M. Singh, M. Ray, C. 
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19F-NMR Spectroscopic Pharmacokinetics in Tumor-bearing Humans and rabbits". 
Proc. Natl. Acad. Sci., 87, 492-496, (1990). 
E. Ryzen, K.L. Servis, P. DeRusso, A. Kershaw, T. Stephen and R.R. Rude: 
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Dimensional NOESY Spectroscopy", Mag, Reson. in Chemistry, 25, 1035 (1987). 
D.A. Fortsyth, J.H. Botkin, J.S. Purchase, K.L. Servis and R.L. Domenick, 
"Larqe Intrinsic Nuclear Magnetic Resonance Isotope Shifts Associated with 
Bending Motion along the Bridging Coordinate in Carbocations", J. Amer. Chem. 
SOC. 109, 7270 (1987). 
K.L. Servis, R.L. Domenick, D.A. Forsyth and Y. Pan, "Deuterium Isotope Effects 
on the Carbon-13 Chemical Shifts in 2-Substituted 2-Norbornyl Cations", J. 
Amer. Chem. SOC. 109, 2763 (1987). 
K.L. Servis and R.L. Domenick, "Origin of Deuterium Isotope Effects on 

Carbon-13 Chemical Shifts", J. Amer. Chem. SOC., 108, 2211 (1986). 
F. Berchier, Y.M. Pail W.P. Weber, and K.L. Servis, "Deuterium Isotope Effects 
on Silicon-29 Chemical Shifts", Mag. Reson. in Chem., 24, 679 (1986). 
K.L. Servis and R.L. Domenick, "NMR Isotope Shifts A T  A Probe of Electronic 
Structure", J. Amer. Chem. Soc., 107, 7186 (1985). 
Y.M.  Pail K.L. Servis and W.P. Weber, "Preparation of Oligomeric and 
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Reactions witL Alkyllthium Reagents, "Oruanometallics, 5, 683 (1985) 

Y.M. Pai, W.P. Weber and K.L. Semis, Silicon-29 NMR Studies of 
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14) Houston-S-T., Jones-L-W.and Waluch-V.: Nuclear magnetic resonance imaging in 
detecting and staging prostatic cancer. Urology 2, 171-5, 1988 
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Radiology 154, 443-450, 1985 
Furman, J.M., Baloh, R.W., Chigani, H., Waluch, V., Bradley, W.G.: infantile 
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Journal Computer Assisted Tomography 5, 594-598, 1984. 
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blood on Magnetic Resonance Images. Am. J. Radiol, 143, 1167-1174, 1984. 
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GeV/C and a test of the generalized Veneziano Model at 4.6, 9, and 12 GeV/C. 
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Tumor tiapping of 5-fluorouracil: In CI'L'O ''F NMR spectroscopic 
pharmacokinetics in tumor-bearing humans and rabbits 

ABSTRACT The pharmacokinetics of 5-fluorouracil (SFU) 
were studied in vivo in patients with discrete tumors and in 
rabbits bearing VXYZ tumors b? using NMR spectroscop!. 
The human studies were conducled in a 1.5-T Slagnetom 
magnetic resonance imager (Siemens). and \he rabbit studies 
were conducted in a 4.7-T GE,'Xicolet 33-cm bore magnet. Free 
5FL was detwted in the tumors of four of the six patients and in 
all VX2 tumors but not in normal rabbit tissues. No other 
metabolites were seen in these tumors. contrary to the extensive 
catabolism we had previously documented using 'q SlcIR 
spectroscopy in both human and animal livers. The tumor pool 
of free 5R: in those human tumors that trapped 5FC was 
determined to have a half-life of 0.4-2.1 hr. much longer than 
expected and significantlj longer than the half-life of 5FC in 
blood (5-15 min), whereas the half-life of trapped SFL' in the 
VX2 tumors ranged from 1.05 to 1.22 hr. i n  this initial expe- 
rience. patient response to chemotherapy may correlate with 
extent of trapping free S K  in the human tumors. These studies 
document that S M R  spectroscopy is clinicall? feasible in vivo. 
allows noninvasive pharmacokinetic analyses at a drug-target 
tissue in real time, and ma! produce therapeuticall! important 
information at the time of drug administration. Demonstration 
of the trapping of SR' in tumors provides both a model for 
studying metaboiic modulation in esperimenul tumors (in an- 
imals) and a method for testing modulation strategies clinicall? 
(in patients). 

T h e  pharmacokinetic monitonng of drugs in human tumors 
has been limited by the invasive nature of sample acquisition. 
Most pharmacokinetic analyses have been performed on 
serial serum or  plasma samples that measure only the circu- 
lating drug companment. not the concentration of the drug or  
i ts  metabolites in the target tissue of interest. Drugs radio- 
actively labeled (intrinsically) with a y-ray emitter can be 
monitored quantitatively by T r a y  camera detection (single 
photon o r  positron-emission tomography). but such detection 
captures  the total pool of all labeled compounds present 
without distinguishing between chemical species. 

Nuclear magnetic resonance spectroscopy (NMRS).  on the 
o the r  hand. is a well established chemical technique used for 

a- t h e  identification and characterization of chemical sub- 
tJ stances and. more recently. for rnetabolile identification (1). 
.I- Although this technique has been extensively used o n  sample 
cn analysis in vitro (1). this method has not yet been demon- 
hl 
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straied to be unequivocally useful in the analysis of human 
tumors in IXlJ. 

We habe been using ''F NMRS t o  analyze the time course 
and the metabolism of fluorinated compounds in living sys- 
tems. inasmuch as this NMR-sensitive nucleus is present in 
a significant number of drugs. such as 5-fluorouracil (5FUI. 
Prior publications hake shown that such noninbasive analy- 
ses could be accomplished in mice ( 2 ) .  and we had extended 
this bork  to shou that the time course of 5FL' uptake and 
catabolism could be monitored in the uninvolbed normal liver 
of cancer patients receiving 5FU as part oftheir treatment (31. 
We have nou extended such studies by monitoring the time 
course of 5FC uptake into tumor tissues in both animal 
models and patients to assess objectively and individually the 
degree of drug targeting and metabolism at specific tumor 
sites. 

Our results shoh that the pharmacokinetics of LFU uptake 
and metabolism can be measured in i i rw  in human tumors 
(breast and colon carcinoma) in real time and that the rabbit 
VX2 carcinoma la pharmacological model widely used by 
others for 5FC-related studies) can serve as an animal model 
for helping to analyze and understand the data from human 
tumors. These results show that. contrary to expectations. 
there is retention ("trapping") of free 5FU in some human 
tumors. Such tumor trapping of free 5FU ma! have signifi- 
cant clinical implications for assessing the effeciiveness of 
SFL! treatment. for selection of chemotherap! in individual 
patients. and for Improved evaluation of metabolic modula- 
tion of LFC chemotherapy in i i v o .  More broadly. these data 
suggest that in 1.i1.0 NMRS may have significant potential. 
both in understanding human biological processes and in 
guiding therapeutics. 

METHODS 
The present study has been done by using 'v NMRS and 
described methods (3 .  cT). For animal studies. 10' VX? tumor 
cells were implanted in the right flank of Yew Zealand White 
rabbits, and these animals were studied 2 weeks postimplan- 
tation. The rabbit to be studied was anesthetized by intra- 
muscular administration of a mixture of xylazine and ket- 
amine. An i.v. catheter was placed in the marginal right ear 

Abbreviations: 5FU. 5-nuorouracil: NMRS. nuclear magnetic reso- 
nance spectroscopy; FID. free induction decay: Tz'. cffeciive trans- 
verse relaxailon: FpAla. 2-nuor~3-aminopropionic acid. 
q o  whom reprint requests should be addressed. 
'"Wolf. W., Sewis. K.L. & El-Tahiawy. A.. Annual Meeting of the 

Society of Magnetic Resonance in Medicine. August 17-21. 1987. 
New York. abstr. 587. 
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vein. so that drug could be admini3rered after positioning and 
proper shimming. The tumor ua5 positioned over a l..'-cm 
surface coil. uell-centered in a 3 k m  bore 4.7-T NX1R 
spectrometer. After administration of .CFL ai 100 m g ' k p  as a 
bolu5. 16130 free induction d e l a y  tFIDrl uere acquired at 
2O-ld-I~ spectral u id th  u i t h  il dela) time of 250 psec and a 
pulse t l ?  p s e c )  optimized for ma\imum signal at 188.360061 
,MHz. All spectra were corrected for baseline and smoothed 
with a gaussian filter matched to the effective transverse 
relaxation time IT:') of the FID. .4n external sample of 5FU 
was used to verify the identity of the peaks observed. 

Patients were studied by positioning each patient in a 1.5-T 
Magnetom. with the tumor located over or beneath a 15-cm 
surface coil. T h e  patient was placed so that the tumor was 
centered in the magnet. and a fast low angle shot (FLASH)  
image was acquired to verify positioning. A n  i.v. catheter 
was inserted into the patient's arm. and after proper shim- 
ming. a bolus injection of SFL' at 600 mg 'rn2 uas  piken i.v. 
.4 total of 256 FlDs were acquired at S-kHz spectral width- 
repetition time = 1 sec. dela) time = 200 psec. uith the 
radiofrequenc) pulse optimized for I-cm depth. at 60.012500 
MHz. .411 spectra u e r e  corrected to bazeline and smoothed 
with a gaussian filter matched to the T 2 -  of the FID. Series 
of consecutike spectra. each collected oker a 4.li-min pe- 
nod. were obtained during the first hour after drug adminis- 
tration. 

At the conclusion of 1 hr.  some patients uere repositioned 
to acquire further spectra from the liver under the same 
acquisition conditions. Four to six consecutive 4.17-min 
spectra were collected. 

RESULTS 
An example of a sequential series of spectra obtained from 
the animal studies is illustrated in Fig. 1. These spectra 
document that while free 5FU is present in the region 
monitored by the surface coil. no anabolites or catabolites of 
5FU were detected up to 3 hr after drug injection. The 
half-life of free 5FU in the VX2 tumor of the rabbit was 
estimated at  1.05-1.22 hr. By comparison. the half-life of 
5FU in the blood of humans and rabbits ranges from 5-15 min 
(4.5). In a study conducted as part of this work, we measured 
the half-life of 5 F U  in equivalent tissue regions of control 
rabbits (without tumors) with the NMRS method and ob- 
tained values from 6.5 to 9 min. These values compare well 
with the half-life of 5FU in rabbit blood. as reported by Kar 
er of. (3, with use of standard HPLC techniques. 
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Note that no fluorinated nucleosides or nucleotides were 
detected in the VX2 tumor of the  rabbit in I ~ I . I ) .  eken u hen 
tumor uptahe of free 5FC uas  increased 3- to 8-fold after 
intraanenal drug administration ( 6 ) .  Such anabolites uere 
seen. houeker.  after cxcislon of these rabbit tumors and 
collection of I'F NMR spectra ex \ . i i . o . * * *  One possible 
explanation is that conkerston to 5-fluorodeok)undine mono- 
phosphate (which is  then complexed to thymidylate s!nthe- 
tase) and to fluorinated RSA had occurred in i i t o .  but that 
after resection these complexes underwent hydrolysis to low 
molecular weight. NMR-visibie compounds in Iirro. N.MR is 
not a verb sensitive technique. and onl) compounds present 
in significant concentrations are detectable. Under our cur- 
rent conditions of measurement and sensitivit). we have 
determined that concentrations of 5FU below 0.2' rnM are no 
longer detectable. We anticipate that instrumental and oper- 
ational improvemenis of N M R S  may sipnificantl? improve 
that limit of detection. 

Data for si \  of the patients studied are presented in Table 
1. A stacked plot of the ''F NMR spectra collected ober the 
tumor of patient 6. u.ho had a colon carcinoma that had 
metastasized to the h e r .  is shown in Fig. 2.  illustrating 
detectable amounts of .CFL. No other detectable metabolites 
lanabolitcs. catabolites) Yere seen. eken uhen all these 
spectra he re  zummed. The possible nature of the second 
peak observed in this patient. 1.8 ppm dounfield from 5FL'. 
is discussed belou. .At the end of the above acquisitions. the 
patient was repositioned with the surface coil oker his 
uninvolved liver. and four spectra were recorded staning at 
1 hr after drug administration. Only signals due to 2- 
fluoro-3-aminopropionic acid (Fphla) could be detected. 
which were of lower intensity than those of the 5FU signal 
detected in the tumor region. 

Similarly. the spectra of both patients 1 and 2 revealed the 
presence of free 5FU in their tumors. again with noanabolites 
or catabolites detectable by noninvasive NMRS. The spectra 
from patient 3 failed to reveal any detectable accumulation in 
the tumor of either SFU. its anabolites. or catabolites over the 
first 90 min after drug injection. The specrra from patient 4 
were collected over the liver tumor and. because of the 
location of this neoplasm. included tumor as well as unin- 
volved liver tissue. Although a 5FU signal was detected after 
drug administration. this signal disappcared rapidly. suggest- 
ing that it probably came from uninvolved liver tissue or from 

"'El-Tahtawy. A.. Servis. K. L. & Wolf. W., Annual Meeting of 
the Society of Nuclear Magnetic Resonance in Medicine. August 
12-18. 1989. Amsterdam. abstr. 411. 



the blood present i n  the bolume detected bk the surface coil. 
A strong signal from FPAla ua\ detected subsequcntl~, well 
in agreement with our prior health)-li\er studies ( 3 1 .  Interest- 
ingl!. the SFU signal from patient 6 had a significantly longer 
half-life than those signals from patient 4 (u ho also had a colon 
carcinoma with liker metastases). The spectra from patient 5 
revealed SFU. with no detectable anabolites or catabolites. 

A preliminary analysis of the response to chemotherapy is 
consistent with a positive correlation betueen tumor SFC: 
trapping. as measured by "F NMRS and at least panial 
response to 5FU-containing chemotherapy (Table 1 b. Palient 
1 had an 8 1 q  panial response 10 CFC alone and in combi- 
nation with leucovorin. Patient 2 had a 50% panial response 
to 5FL; alone and in Combination wi th  cyclophosphamide and 
doxorubicin. Patient 3 had a panial response (955 reduction 
in tumor area). but she receibed a combinatton of 5FU.  
cyclophosphamide. and menogaril. Patient 4 had previously 
had a partial response to 5 F U  plus leucovorin but had begun 
to progress at the time of this study and. therefore. had OR 
response to 5FL: at the time of anal>.sis. Patient 5 had a 5 3 5  
panial response to SFU plus leucoborin. Patient 6 had a 7 E  

5FU 

v 
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FIG. 2. Stacked plot of 19F NMR spectra taken over the liver 
metastasis of the colon carcinoma of patient 6 from 0 to 55 min after 
i .v .  administration of 5FU at 600 mg/m2 as a bolus. The patient was 
positioned in a 1.5-T Magnetom before injection. Each spectrum was 
the result of 256 FlDs acquired at 10-kHz spectral width with the 90" 
pulse optimized for 4 cm at 60.011cOO MHz and a 1-scc repetition 
n tc .  All spectra were corrected for baseline and smoothed with a 
gaussian filter matched to the T:* of the FID. Series of consecutive 
spectra. each collected over a 4.17-min period. were obtained during 
the first hour d e r  drug administration. 
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response to 5FC plus leucotonn. Thus. of four patients with 
tumor trapping of SFU. all four had significant chemothera- 
peutic responses. Of tho patients uith no detectable 5FC 
trapping. one patient treated b i t h  SFL' has resistant to 
therapy and the other patient. treated with non-5FU chemo- 
therap) (as well as SFUI .  responded. 

The pharmacokinetics of free SFU in tumor tissues uas 
analyzed by serial evaluation of the relative intensity of the 
CFL peaks to determine clearance rates. As an example. a 
data plot of free SFU in the tumor of patient 1 and in the V X 2  
tumor in a rabbit is shown in Fig. 3. Regression analysis of the 
relatibe intensity of the 5FU peak in the tumor of patient 1 
gate an elimination half-life of 1.3 = 0.5 hr. compared with 
1.1 2 0.3 hr  in the VX2 tumor. In contrast. the elimination 
half-life in normal tissues of a rabbit without tumors (Fig. 3 )  
was only 6.5 2 2.2 min. a balue bell within the range of the 
half-life of SFC in the blood of rabbits ( 5 )  or humans (4 ) .  

A s  an example of NMRS appllcation to the stud) of CFL' 
modulation. patient 6 was studied twice. (17 On the first study. 

50 r 

Time, hr 

Fic. 3. Comparative kinetics of 5FU in rectal adenocarcinoma of 
patient 1 (0). in VXZ tumor of rabbit (31, and in an equivalent volume 
of the rabbit (including blood and surrounding tissues) (.)--all mea- 
sured by "F NMRS. These three curves were fitted to a one- 
exponential model: hatf-life for free 5FU in a region of a nontumorous 
(control) rabbit that included blood and tissues was 6.5 z 2.2 min. in 
the rectal adenocarcinoma of patient 1 was 1.3 = 0.5 hr. and in VX! 
tumor of a New Zealand White rabbit was 1.1 L 0.4 hr. 



which was a l w  hi \  first 5FC1 h e .  he onl> reieibed the 
standard bolu\ injeslion of [hi\ drug. ( 1 1 1  I n  the wcond \tud>. 
conducted h week* later. thi4 patient recei \ed Ieuio\onn plu\ 
!FC. The Linetic\ 0 1  intratumcwal CFL uercl unchanged b> 
Icuctr\crin. the r ol'intr,itumoral 5FC ud\ 2 2  : 3 min in the 
first stud! and 20 : 3 min 4 ueeL\ later. w h e n  calcium 
I e u c o ~ ~ m n ( 5 o ( ) m g  m ' )ua \g ikena \dn i  \ intu\il~nci\cr 1 hr :  
after 1 hr. 5FU al h(l0 mg m' & a \  p \ r n  J\ rl bolu. injection 
No w a h h  attnhutablc 10 Ihrrindted n u c l t i w h  nucleotide\ 
could be detected in this patient. These rewIt\. i f  cant-irmed. 
suggest that Ieucokonn potentiation of I F C  chemotherapy 
response in colon carcinoma I\ not due to 3 u n i t c r 4  enhance- 
ment of 5FC uptake. prolongation of intraiellular .(FC half- 
life. o r  marked enhancement of the conkrrsion of SFC to 
nucleosides o r  nucleotides. More patients are ob\ iously 
needed to further validate these prcliminar) obsen ations. 

Another interesting observation w a s  made in these two 
studies of patient 6: in his first stud). shoun in Fig. 2. a 
second peak. 1.8 ppm downfield from 5FC. uas  seen. The 
patient exhibited significant clinical edema. an observation 
also seen upon shimming. uhich rekealed a much higher 
water fat ratio in this proton spectra than expected. The 
shon  half-life of the second peak (4.9 minl IS consistent u i l h  
5FL' in the extracellular fluid [blood. interstitial fluids). The 
second study. where the patient's edema had been signifi- 
canti) reduced by diuretics. exhibited no such second peak. 

DISCUSSION 
The antitumor action of 5FU depends on the uptake of this 
drug into tumors. on i ts  transformation into its nucleosides 
and nucleotides. on the covalent binding of C-nuorodeoxy- 
uridine monophosphate to thymid) late synthetase. and on 
the incorporation of 5-fluorouridine into RNA (71. Thus. the 
first s tep  required for 5FU to exhibit antitumor activity is its 
uptake into the tumor cell. a process considered to be 
controlled by passive diffusion (7 ) .  However. several recent 
studies have suggested the existence of a facilitated diffusion 
(8, o r  an active transpon process ( 9 ) .  

One problem inherent to such studies is that measuring the 
nature of drug metabolites in tumor tissues requires that the 
animal be sacrificed so that tissue samples can be removed and 
analyzed or  that biopsy material or surgical specimens from 
humans be available. In either case. the data obtained from one 
individual were limited to a single time point and did not allow 
for studies where the dynamics of the s!stem could be cap- 
tured from a single individual. Nonin\asi\r: methods that allow 
chemicals to be measured in living systems are ideall! suited 
to generate such crucial types of information. Drugs that 
contain fluorine in their molecular structure lend themselves 
particularly well to such noninvasive methods of monitoring. 
The fluorine atom is 100% "F. and this atom has an N M R  
sensitivity second only to that of the proton ( 8 4 7 ~ )  and a very 
large chemical shift range (over 200 ppml: funhermore organic 
compounds d o  not occur naturally in the human body. A major 
limitation of N M R S .  however. is that. although a technique of 
exquisite resolution. it has limited sensitivity. requiring con- 
centrations >0.5 mM. and only molecules that can tumble 
rapidly are readily detectable. Thus. large fluorinated mole- 
cules (including the SFU-containing thymidylate synthetase 
ternary complex and SFUcontaining R N A )  would not be 
detectable under the present conditions. 

R i o r  studies using N M R S  have only demonstrated 5FU in 
human tumors in  v i m  and concurrent studies (in abstracts) 
in tumors in liver (10. i t?) ,  where the relative concentrations 

"'Semmler, W.. Bachen-Baumann. P.. Guckel. F.. Lchner. B.. 
Schlag. F. & von Kaick. G.. Annual Meeting of the Society of 
Magnetic Resonance in Medicine. August 20-26.1988. San Fran- 
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o i  5FC in tumor4 ~ s .  I i i e r  could not be wparated. i n  the 
r ep ined  e\pzrimentc ur ha\e  demon\trated a method for 
nonin\a\i \el\  anid) zing the phdrmasokinctic\ o f  free TFL' in  
human tumor\ o t  I I ~ ~ J  and \hou thc close correlation and 
concordance olre\ult \  uith t h l w  obtained i n  the rabbit V S  
tumor. 

Detectable amount\ of ;1 pic\ il)u\l> unhnoun.  r e l a t i ~ c l ~  
Itmg.liked trdpped pool of free 5FL uere  mea\ured in four of 
the \ I \  patient\ that  could be properlk e\rlluated. and [his free 
5FC' had a hdt-iife of elimination of = 1 hr. The ,imilarity of 
( h i 4  phenomenon in  humdn tumors to result5 in the VX2 
tumor should mahe the latter model useful f o r  exploring the 
effects ot' \ariou\ metabolic modulations on the extent of 
5FU trapping and change, in CFC half-life. in the generation 
of increased amount\ of nucleosides and nucleotides. and in 
the amount of catabolism to FP.\la. We 3150 note that the 
VX2 tumor i s  not a tumor model highly responsive to 5FU 
chemotherapy: the data of Kar P I  nl .  ( 5 )  and our own 
preliminar) observations suggest that the VX2 tumor in 
rabbits is mildl>-to-moderately responsive to 5FU therapy. in 
the general range of response comparable with that of most 
human solid tumors. The VX2 tumor in rabbits is not highly 
responsike to 5FU in that complete remissions are not seen 
after CFC at 150 mg/kg 1 . k .  Therefore. the VX2 tumor could 
be useful nut only to disco\ er and study modulators of in rib.0 
CFL' tumor metabolism. but also to detect erlhanced 5FU 
antitumor effects from addition of such modulators. 

Better understanding of these results can perhaps be gained 
by concepr.ualizing a model for 5FU biodistribution and 
metabolism (Fig. 41. expanded from one we had earlier 
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FIG. 4. Compartmental modelof 5FU distribution and metabolism 
in tumor-bcanng patients or other mammal. Shaded arcas represent 
tumor. liver. and kidneys. each of which may contain several com- 
pounds. Catabolites of SFU ( FBAla. Muoroureidopropionic acid, and 
S.6-dihydrofluorouracil) have been grouped together. The low- 
molecular-weight anaboliies generated from 5FU expected in the 
tumor (nucleosides and nuckotides) have also been grouped together 
in box 6. Each companment is either directly measurable or can be 
estimated by radiopharmacokinetic analysis (11). 



prop>\ed." T h e w  midel\  \ugpert that the fir,l 
namel?.  t ran4er  d 5 F C  from hlwd compijnmznt to tumor- 
appr.ar., t i )  depend on the local concentration of drug in the 
earl! po\iadmini\tration phaw twci~u\c .CFC I\ \ e r>  rapid? 
cleared from the hIwd Thiit free .(FL I \  \een in the tumor\ 
, tujled ftjr 31 Iea\t 1 hr-well after i t  h.i\ been almo\t 
,-,pmpIcteI! c.lrurzd from t h e  hlwd-wgge\t\ that once 5FC 
I\ tallin up bh tumor ti\\ue. JifTwicm bdch i n t o  the blnod (if  

i s  much \lower. T h u \ .  the preIent uorh \upport\ the 
h)pothtt\i\ that 5FC enter\ into \elected tumor, b) either a 
f~cilitated-diffusion or an actite-transpon proce\> 18. 9). 
after which its diffu\ion out of the tumor is ter! slow 

Our results also appear convstent w i t h  the hhpothesis that 
the free drug is trapped in the tumors. whereas it IS not 
trapped in tissues (of rabbits) that are not praliferating 
rapidly. such as muscle. bone. skin. etc. Possibl! the trapped 
pool of free 5FU represents not onl) the originall! accumu- 
lated free 5FU. hut also some 5FL' that had been accumu- 
lated. convened to nucleotide. and then degraded back to 
free 5FL'. 

We note that our results conflict with other studies that 
h a t e  shown a long retention of free 5FL in the sarcoma 180 
and M5076 tumors in mice.!*: but not in the munne Lewis 
lung carcinoma ( 2 ) .  .4 report (in abstract only) on e.r-\.i\.o 
chemical analysis by Sorensen e! a / .  (111 suggests that the 
half-life of free 5FU and of tluorodeoxyuridine monophos- 
phate in human tumors is much longer than previously 
thought. 

Assessing the therapeutic significance of drug trapping is 
important. Perhaps the presence of drug trapping and me- 
tabolism may predict tumor sensitivity to 5FU therapy. as 
indicated by the apparent agreement between trapping and 
response (or lack of trapping and lack of response) in five of 
the six patients evaluated (Table 11. The possible effect of 
other drugs on the extent of trapping and anabolism may help 
assess the degree of synergism belueen drugs in an individual 
patient. The Xe? nbserr~uricin is that ir is now possible io 
meusiire rhe t ime coiirse of a therapeutic apenr (as un 
itnequivoc.al chemical species) in i ts  inrended larger sire in 
hrtrnans in vivo. and we believe that such measurements may 
indicate therapeutically important informalion at the time of 
drug administration. 

Another question that these noninvasive studies might 
address is the degree and the rate at uhich SFC is convened 
to its nucleosides/nucleofides in specific tumors and the 
activation steps required before this drug can exercise its 
antitumor action. Whether other drugs. known to inieract 
synergistically with 5FU. can affect either tumor trapping of 

$:iHuII. W. E.. Pon. R.. Ossuald. H .  & Kunz. W.. Annual Meeiing 
of the Society of Magnctic Resonance in Medicine. August 18-22. 
1986. Montreal. abstr. 594. 

SFC and or  i t \  c'onberwon t o  an! effectibe nuc!eoside\ and 
nucleotide\ a l w  Jewm e\ amwer.  

Of broader qni l icance  I\ the potential appli;dion of '"F 
N MK \pzclru\copic ph.irmucohinetic\ to e\plaining the be- 
hakiur ol' other Iluorinaied drug, iii t i i o  in human\. The 
di\tributi<m and eflecti\ene\3 of !-tluoro-2'! 4ideoxycy- 
tidinz 3s an m t i \  iral q e n t  in .\IDS <an be studied 113). a\  can 
the rel:iti\e ef!zct of route of drug administrstion on drug 
targeting. The method de\cribed in [h i>  uorh  could be applied 
to a number of lrthcr fluorinated drugs. e\peci.ill) chemo- 
therapeutic\  cflo\uridine. Ftorafur. 5 ' -deox>->-f luoro-  
u rid i ne. d i fl uoro me t h !. I or n i 1 hi ne 1 .  

Finall!. such nonin\a>i\e pharmscokinetic studies can be 
theoreticall) extended loan! drug b! using either selected 'H 
peaks o r  the "C content (natural or enriched). eben though 
such studies are at present technically very difficult. 
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Human Tumor Fluorouracil Trapping: Clinical Correlations of 
I n  Vivo 19F Nuclear Magnetic Resonance 

Spectroscopy Pharmacokinetics 

B~ Cory A.  Present, Walter Wolf, Michael J. Albright, Kenneth 1. Servis, Robert Ring 111, Dennis Atkinion, 
Richard 1. Ong, Charier Wiseman, Mark King, Douglas Blayncy, Peter Kennedy, Ahmed El-Tohtowy, 

Monbir Singh, and loshovarn Shoni 

Wo proviourly roportod that fluorourocil (SFU) occumu- 
lotion ond motobolirm in  human livorr and tumors 
con bo rtudiod by in vivo nucloor mognotic rorononco 
rpoctrorcopy (NMRS). Wo havo oxtondod thoro obm- 
votionr by ovoluoting tho phormocokinotKr of 5FU in 
tho tumors of 11 potiontr with corcinomo of tho 
broost, colon, ondomotrium, conix, and kidnor, using 
"F-NMRS in o 1.5 Mognotom (Siomonr Modicol S p  
terns, Corrito, CA) mognatic rerononco imaging unit 
(MRI). Thoro NMRS moorurcmonts dctwtod o long- 
livod tumor pool of SFU in six of 11 tumors in our 
potientr including corcinomor in tho p.lvi, broort, 
lung, and liver. Tho holf- l io (TI/,) of this tumor pool of 
"troppod" 5FU wos 0.33 to 1.3 houn (20 to 78 
minutor), much longer thon tho TI/, of 5FU in blood (5 
to 15 minutor). Nmithor tho anoboliter of 5FU (fluai- 
notod nuc l~~ r ido r ,  nuclootidor, SFU-RNA, or 5FU- 

LUOROURACIL (SFU) is a widely used F antitumor drug eFfective in reducing tumor 
size in IS% to 20% of patients with carcinomas of 
the breast and gastrointestinal tract, and to a 
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thymidylato rynthore) nor tho cotobolitor (00, f luwok-  
toolonino [FBAL]) wwo dotoctobio by "F NMRS. 
Potiont rorponro to chomothoropy oppoorod to c o v e  
lot. wi th tho oxtont of trapping of hoo SFU in tho 
human tumors: in tho rovon potiontr rocoiving SFU, or 
5FU or FUdR plus Ioucovorin, four of four pationtr 
whoso tumors hoppod SFU rorpondod to fluainotod 
pyimidino chomothoropy, whoreor throo potientr in 
whom thoro war o foiluro to detoct tumor hopping 
we10 rorirtont to 5FU. We conclude that NMRS is 
clinically fooriblo, and onoblor invertigoton to study 
5FU phormocokinotkr and motobolirm in tu- in 
vivo. "F-NMRS of SFU oIIowr for in vivo ovoiuation of 
5FU motobolic modulation and might bo ob10 to guido 
thwopeutic decisions. 
J cfin Oncol8: 1868- 1873. 0 I990 by American Soci- 
ety of Uinicol Oncobgy. 

lesser extent in a wide variety of other tumors. 
Despite the fact that it has just passed its third 
decade of use since its clinical introduction by 
Curreri et a1 in 1958,' clinicians are still unublc 
to predict which patients will respond to the 
drug. Further, despite many observations of dif- 
ferent methods of modulating 5FU metabolism 
to erect  increased antilumor response, thcrc is no 
direct method of assessing the biochemical basis 
of modulation in vivo. 

We have been using nuclear magnetic reso- 
nance spectroscopy (NMRS) to study SFU in  
animals and humans. since it is a noninvasive 

can Concer Society. by the support 01 Siemens Medical 
S Y S ~ C ~ C .  andby Public Health ScrniMGronf NO. CA-35100. 
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was extended to the study of SFU metabolism in 
the livers' and tumors5 of rats (Walker 256) and 
rabbits (vx2)' as as that Of mice 

IntcrMtional Union Against Cancer. 
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various turn or^.^" T h e e  studies suggested that 
significant interspecies diflercnccs could be ob- 
sew& in the nature of the I9F products detected. 

We concluded' that the metabolism of 5FU in 
the liver of nonturnored rabbits correlated with 
that observed in the uninvolved \ivers of patients 

8 1990 by American Society of Clinical oncobgy. 
0732-183X/W/O81I~2S3.OO~O 
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receimng 5FU. More recent data have suggested 
that the nxt3bolibm of 5FU i n  the VXZ tumor in 
rdbbits m a )  also correlate wi th  the metabdism 
or 5FU obsrrvcd in human tumors.' I t  is also 
t tnprt ; tnt  to note that when the Walker 756 and 
rllr V X I  tumors were excised and their "F- 
NhlR spectra measured ex vivo, we observed 
significant difierences compared wi th  the prod- 
USIS observed in  These ditierences could be 
abcribcd to a rapid catabolism of fluorinated 
R N A  and/or the ternary complex of 5FU with 
thymidylate synthase (TS) into the nucleosides 
and/or frce SFU.  I t  is alsoof interest that, while 
only 5FU is detectable in  vivo in humans and in 
thc rabbit V X I  tumor. anabolites of 5FU are 
detectable i n  vivo i n  the Walker 256 experimen- 
tal tumor in rats. Such results strongly suggest 
[hat in  vivo observations may have a superior 
accuracy for the noninvasive pharmacologic mon- 
itoring of 5FU and therefore avoid the poten- 
tially confounding efTects of enzymatic changes 
resulting during the biopsy process. Further, in 
vivo N M R S  measurements might document dy- 
namic processes in Living systems under condi- 
tions tha t  could be readily performed in patients. 

Our prior human and animal modcl studies 
documented that 5FU uptake and catabolism to 
fluorobetaalanine (FBAL) could be evaluated in 
uninvolved liver.'" Most recently. we reported 
that "F-NMRS could measure 5FU uptake into 
and retention by a variety of human cancers in 
vivo.8 

We have extended those pilot observations and 
now report on our initial clinical experience with 
N M R S  in I I patients. In this report, w e  charac- 
terize the nature of 5FU uptake and the discov- 
ery of a "trapped" pool of intratumoral SFU, 
defined as a pool of SFU whose disappearance 
half-life (Ti/l) is longer than its TI/, in peripheral 
blood. We also present the initial correlations 
bctween the TI!, of 5FU in  tumors and antitumor 
response to 5FU. This report includes and ex- 
tends the analyses in our previously published 
a bst racts and preliminary publication." 

METHODS 

Patients were eligible for this study il they had a measur- 
able tumoc of P I  least 2 cm diameter and had rcuivcd. were 
rccciving. or were scheduled to raeive SFU. 5-luorodmxyu- 
ridine (FUdR). or a SFU-containing chemotherapy regimen. 
Paticnu with claustrophobia were excluded. The tumor had 
to be Located in a body location within 8 cm of the skin in an 
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area that could k poritiond over a surface coil or over which 
a surface coil could tx placed. Voluntary informed consent 
b a s  obtalned from all p a w n i s .  

Patient studies were performed by p i t i o n i n g  the patient 
in a I ST Magnetom (Siemens Medical Systems. Ccrritor. 
CA) ,  whth the tumor located over or beneath a I S  cm surface 
coil. The patient was posltloncd so that the tumor was 
centered in the magnet. An intravenous ( I V )  line was placed 
in the patient's arm. and followinB proper shimming and 
collection of a background "F-NMR spectrum. a bolus 
injection of600 mg/m'SFU was given 1V. A total of 256 free 
induction decays (FIDr) (etiher 512 or 1,024 data points/ 
FID) were aquircd a t  5 k t iz  spectral width with the 
radiofrquency pulse optimized for 4 cm depth. at 60.012SOO 
MHz. Apcdiution of the FlDs was done with a Gaussian 
f i l ter matched to the Tp of the data. Scriu of  coruecutive 
spcctra. each collected over a 4.17-minute period. were 
obtained during the hrst hour before drug administration. 
The assignment of the mks was based on their chemical 
shifts. using SFU as an external reference sample and the 'H 
water peak as the internal reference. Phantoms containing 
SFU. FBAL. a n d  fluorouridinc were used to verify chemical 
shirt positions. and the signal was maximized lor a specific 
depth; that tranrmitter voltage was then used for a tumor at  I 
similar depth. The spcctra from the liver. where both SFU 
and FBAL could k detccitd. further confirmed these auign- 
menu. 

A t  the conclusion of 1 hour, some of the patients were 
repositioned to acquire further r-ra from the liver, using 
the same acquisition conditions. Four to 6 consecutive 
5-minute spcctra were cdlcctd. The 1V line was then 
removed and paiienu returned home. 

The p u k  intensities of the SFU p u k  were a ~ l y t c d  by a 
pharmacokinetic computer program. ANALAB." assuming 
a single-compartmcni drug distribution model. The TI$$ of 
tbe intratumoral 5 F U  pmb werecompared k twcen paticnu. 
and with pharmacologic data from our prior studies. 

RESULTS 

A stack plot of the l9F-NMR spectra collected 
over the tumor of palient no. 8, having a cervical 
carcinoma involving the presacral space, is shown 
in Fig I .  The only detectable "F-NMR signal 
has a chemical shift that corresponds to SFU. No 
other delectable metabolites (eg, anabolites. 
catabolites) were observed, even when all spectra 
were summed. The TI/, of SFU was 41 t 5 
minutes in this tumor. At the end of the above 
acquisitions, the patient was repositioned with 
the surface coil over the liver, and four spectra 
were recorded starling at 1 hour after drug 
administration. Only signals due to FBAL could 
be detected in the liver of that patient, consistent 
with our previous observations of the metabolism 
of 5FU in that organ.' 

The results of the 19Fspectra collected over the 
tumors, and the clinical results of all patients are 
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minutes,'a value well in  agreement a n d  wi th in  
the range of the Tl/l's of 5FU in plasma." We 
had also determined that 5FU undergoes a slight 
chemical shift in  the presence of plasma proteins 
( 1  ppm). as well as at lower pH values. Because 
this patient presented with significant edema 
during this first study, we believe that this 
second, short-lived peak represented free 5FU in 
thc plasma or in  the interstitial Ruid. 

Dcspite the absence of NMR-detectable anab- 
olites, antitumor partial responses were observed 
wi th  5FU and/or 5FU-leucovorin or FUdR- 
leucovorin, suggesting that the steady-state con- 
centrations of 5-fluoro-deoxyuridine monophos- 
phate (SFdUMP), 5-Ruorouridine triphosphate 
(SFUTP), or 5-fluorodeoxyuridine triphosphate 
(which must have been produced in order for 
5FU to exert its cytotoxic effect), are currently 
below the limit of in  vivo NMR. detectability. 
Because such products were not observable 'on 
either the single spectra or on the summed 
spectra, one can estimate that their total concen- 
tration was less than 10% of that of the 5FU 
concentration present in the tumor. 

In order to determine if leucovorin was likely 
to have altered the accumulation or the T% of 
SFU, patient no. 9 had two NMRS studies 
performed (Fig 2 ) .  The first study was conducted 
while receiving SFU alone, whereas in the second 
study, performed 4 weeks later, this patient also 
received leucovorin. In  this single patient study, 
only 5FU was detected in both NMRS studies. 
Further, the Tlh of 5FU was similar in both 
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studies: 20.9 t 1.7 minutes after SFU alone, and 
22.6 i 1.8 minutes after 5FU plus leucovorin. 
Although further studies are needed, these re- 
sults, if confirmed, suggest that the effect of 
leucovorin on intracellular 5FU trapping is, if 
any, very small. 

We correlated the antitumor responses seen in 
palients with the presence of 5FU trapping 
(Table 2). Ten of the 1 1  patients studied were 
assessable; the other patient died of an intercur- 
rent illness prior to repeat tumor evaluation. In 
the seven patients receiving fiuoropyrimidines 
alone, 5FU plus leucovorin, or FUdR plus leuco- 
vorin, four patients whose tumors trapped SFU 
all had partial responses and three patients whose 
tumors failed todetect trapping both had progres- 
sion of disease. Although the surface coil placed 
over the tumor in patient no. 1 1  demonstrated 
detectable levels of 5FU, its clearance Ti/, (1 5.5 
minutes) is more in the range of blood clearance 
values (5 to 15 minutes) than of the tumor TYl's 
(20 to 78 minutes) measured in the present study 
(Fig 3). 

In order to determine i f  5FU trapping could 
correlate with response to FUdR as well as SFU, 
patient no. 10 was evaluated before FUdR tber- 
apy. This patient had renal adenocarcinoma that 
had become resistant to megestrol acetate 
(Megace; Bristol-Myers Co, Evansville, IN) 
based on progressive hilar nodal and pulmonary 
rneta~tases.'~ F-NMRS showed trapping of 5N 
by tumor. The patient was treated with weekly 
FUdR and leucovorin and had an 80% partial 
response in her measurable hilar nodal metasta- 
sis after 3 months. This single result suggests 
that 5FU trapping might also predict for sensitiv- 
ity to chemotherapy with FUdR, but compara- 

a 



$ 

1872 PRESANT ET A1  

0 .0  0.4 0 . 1  1.2 1.6 

Time (in hours1 

Tumer J.aronco of 5FU d pohnh no. 11 ond 10, 
and Mood ckaonro from onothr potion# (hi9h-p~f0fmamo 
liquid tkomotogrophy). (0) Cl-nco d SFU 600 mg/m’ 
hom potiont no. 11; 1% h 15.5 t 2.9 minut-: (110 c k a m ~  
sf 5 N  frmm potion( CH. IO; t% i 41.3 i S.3 minutos. (0) 
C)WOnco of 5RI hm, bkod d o  m t  (EROSt, 1% b 9.6 i 
1.4 minutr. 

e 

3. 

tive studies of 5FU-NMRS and FUdR-NMRS 
are required. 

The results in the three patients who received 
combination chemotherapy are more difficult to 
interpret, since no simple correlation can be 
made between 5FU trapping and cytotoxicity. 
Nevertheless, the single patient whose carcinoma 
of the breast trapped 5FU responded tocyclophos- 
pharnide, SFU, and doxorubicin. One patient 
whose esophageal carcinoma did not accumulate 
5FU showed progressive disease after 5FU and 
cispla t i n. 

Thc rcmaining paticnt is of considerable inter- 
est. Her breast cancer failed to detect 5FU 
trapping. However, she had a 95% reduction in 
tumor area after 5FU. cyclophosphamide, and 
menogaril. This suggests that the absence of 
detectable tumor trapping of 5FU does not infer 
resistance to all chernothcrapculic drugs, and 
that perhaps (as would be logical) 5 F U  trapping 
is a process that may correlate directly with 5FU 
responsiveness. 

DISCUSSION 

This study suggests that the 19F-NMRS tech- 
nique may provide in vivo information of signifi- 
cance to pharmacologic studies of 5FU in cancer 
patients. We believe that this method extends the 
current state of the art in cancer pharmacology 
by permitting continuous in vivo monitoring of 
5 F U  and its metabolites. In contrast, prior stud- 
ies have betn constrained by the necessity, 

J D b 3 i  s o  

through tumor biopsy. of obtaining data at only 
one time point. Such data, in addition to failing 
to detect the intratumoral T’h of SFU, were also 
subject to the efTects of rapid enzymatic changes 
i n  thc naturc of thc lluorinatcd products prcscnt 
in the tissuc sampled. 

The additional advantage of “real-time” data. 
available immediately at the time of 5FU admin- 
istration, might have valuable implications for 
real-time clinical decision making during chemo- 
therapy. For example, if further studies confirm 
preliminary findings that trapping correlates with 
antitumor response, patients whose tumors fail to 
exhibit detectable trapping of 5FU might be 
considered for other chemotherapy regimens not 
including 5FU. 

The antitumor activity of 5FU is dependent on 
cellular uptake, biochemical conversion into nu-  
cleosides and nucleotides. on the covalent bind- 
ing of SFdUMP to thymidylate synthase, and on 
the incorporation of 5-fluorouridine into RNA.” 
The mechanism of cellular uptake had been 
assumed to occur  by passive diffusion.’’ How- 
ever, several recent studies have suggested the 
existence of a facilitated diKusion“ or an active 
transport process.” Since thc TI/, of 5FU in 
blood following a bolus injection is only 5 to I5 
minutes,16 and that of 5FU in those tumors where 
i t  is trapped ranges from 20 to 78 minutes, one 
can conclude that the present results are consis- 
tent with either a facilitated diffusion or an active 
transport mechanism, but not with a simple 
passive diffusion proccs... which would require 
rapid equilibration of the intratumoral 5FU and 
that of the drug i n  the blood. 

Although “F-NMRS has shown itself to be a 
meaningful tool in detecting, in vivo, 5FU and its 
metabolites in  tumors and in the liver, one 
limitation inherent to this technique is its relative 
insensitivity when compared with biochemical 
analysis or positron emission tomography. Our 
inability to detect, noninvasively and in vivo, 
nuclaxide and/or nucleotide pools in tumors 
that respond lo 5FU illustrates this limitation. At 
present, we estimate that the lower limit of 
detection of SFU is approximately .5 mmol/L in 
the sensitive volume of the surface coil. 

The failure to demonstrate 5FU in normal and 
neoplastic tissues in four patients is consistent 
with the conclusion that nonneoplastic tissues do 
not trap 5FU. These results are also consistent 
with our prior studies of the biodistribution and 
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imaging of "F-SFU in animals and in patients in 
which the only localization detected was in tu-  
mors and in the excretory organs (liver and 
kidneys)."." Accumulation and retention of 5FU 
had been observed in some murine tumors 
(M  5076 and sarcoma I SO), but not in Lewis lung 
carcinoma, although these authors had not re- 
lated this to the trapping phenomenon discussed 
in the present study. Our i n  vivo results confirm a 
recent ex vivo report showing long T%'s of 5FU 
and SFdUMP in human ~ u m o r s . ' ~  

We have demonstrated tumor trapping in six 
of the I 1  patients studied to date. This is most 
likely due to cellular pathophysiologic alterations 
associated w i t h  the tumor process. However, it 
might also be modulated by altered tumor blood 
flow or perfusion, either due to pathologic neovas- 

cularization or prior radiotherapy. Previous "F 
studiesM had shown that decreased tumor blood 
flow resulted in decreased "F accumulation in 
tumors, following administration of "F-SFU. 

Our initial results are consistent w i t h  the 
hypothesis that 5FU trapping correlates well 
with SFU antitumor response, but rigorous tests 
of that hypothesis depend on examining the 
association between trapping and response in a 
large number of patients with sound statistical 
evaluation. A multicenter trial in the Southwest 
Oncology Group is planned to conduct this clini- 
cal experiment. 
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A.  E l - T a b t a q ,  D.2.  D*)ugonio and Wolf, Radi0ph-W R-u urd M p t .  of 
Biomodfcal tnginooring, Univorsity of Southorn Ca l i fo rn ia ,   os ~ngolos, CA 

In -v iVO 19I-m 8pCtro8COpy (m) 
has a l lovod  U 8  t o  study noninvasfvoly 
t h o  kinotfcm of uptlko, rmtontion and 
metabolism of 5-f luorouraeil  (5m) i n  
a r a t  (walkor 256) tumor d o l .  Thoso 
data  havo boon U 8 . d  t o  ovaluato and t o  
~ s t i m a t o  tho p a r u e t o r s  of v u i o u s  
pharmacokinetic S u b s y s t u  rod018 f o r  
5 ~ .  The in-vivo HI(Rs studios  VU. 
p o r i o n &  using tho 4.7T CSI GE 
sprctromotor  a t  tho Huntington 
Roararch I n a t i t u t o .  T h m  data war0 than 
analyzod us ing  t h o  ADW-11 program 
o p o r a t i n g  on a VAX s y s t u .  lo7  cmlls 
of the walkmr 256 r d o n o c u c i n o u  vu. 
implanted i n t o  tho r i g h t  thigh of 150 
9 Sprague Davloy r a t s ,  a l l w i n g  tho 
tumor t o  grw f o r  7-10 days t o  a sit0 
of 3-4 cc. Aftor tho  r a t a  voro 

thoy woro placed on an isaping t a b l o  
and the tumor contorod o v u  a 1 . 5  em 
SUrf8Co c o i l  tuned t o  19?, cmtorod 
inmido tho  u g n e t ,  ud f o l l w i n g  
8 h f m i n g  t o  1H lino-width O f  1.8. 
thu SO HZ, b d U 8  do80 O f  150 -/Kg 
of S m  vas admin i s to rd  by tho N 
rout.. To acquit. the 19? 8 p c t r a  1680 
FID'a  V U 0  C O l l 0 c t . d  a t  20 mZ 
spectral width w i t h  a p u l w  [lS W.C) 
o p t i r i r o d  for maximus siqrul, a t  
188.360061 m2. k! 0Xt-l .up10 Of 
4 0  umolos of 1 , 2 - d i f l u o t o b m t . n ~  vas 
us& aa a n  oxtornal  r o f u r n c e  standard 
for both q u a n t i t a t i o n  and as chuical 
mhift roforonco. 
Wo had ah- proviously (1,2) , that 
both sm and i t a  uuboli+u - 
f l uo ronuc lmot idos / s idu  (?RUC) U 8  
moaaurablo fn-vivo i n  this tumor .ode1 
us ing  NWRS. A koy catabolite of Sm, 
P l u o r o k t a a l a n i n e  (?MI,) , vam alao 
obsemod a t  1-2 hours p o m t  drug 
admin ia t r a t ion .  Bocawe ovur a 
roducad, 11-compartlurt concoptul 
modo1 of 5 N  (1) is too corplu t o  
a n a l y t o  p iv rn  the spar- data that can 
bo generatmi noninvasivaly, y. have 

modela that  may reproaurt  the fa+. o f  
5lW i n  that  tumor. A mor. d o u i l d  
d i a c r u a i o n  i n  9iv.n in a concurrent 
abmtr8ct (3). A8 an examplo, the 
f o l l o v i n g  rat. constants VU. 
oa t ima t rd  vhrn analyzing t v o  much 
modela using tho data from r a t  A31390: 

Rate Constant nod01 lB nod01 2Al 

an88thOtiZ.d V i t h  Rorp.n/Kotuino, 

kgun by t0.W V U i o r U  S u b . y 8 t u  

k01 .OS3 .0064 
kO2 . O l O  .0082 
k21 .0072 .0071 
kl2  L .0016 

Thoao p u a m e t o r s  VU. than u m d  i n  

SIT, RCDC and W A  premnt  at v u i o u o  
t ins . 
Bode1 2A t o  o S t i M t 0  tb0 aroUnt. of 

T h o  SFU nrVC tWWA 

5 5  Bin 658 278  7 . 7 8  
125 r i n  34% 358 3 18 

To beyin ValldAting thoso rodolm, rats 
k u t n g  tho  Walkar 256 adonocarcinuma 
wore sacrificed a t  60 and 130 minutes 
poat Sm administratfon, t h o i r  tumors 
oxc i s rd ,  and tho aCid-8OlublO and tho 
RHA f r a c t i o n s  woro colloctod and 
analytod by 19r NXM i n  a Bmckor NKR 
spoctrometu oporating a t  2 4 0  WHz. Tho 
valuos obtain& voro: 

Tim. S K I  PNUC M A  

Rat  A 60 Bin 638 358 1.84: 
R a t  B 130 r i n  20% 668 13% 
R a t  C 130 .in 178 628 2 18  

?igure I: S.10ct.d c o l p . r t n n t . 1  
subaystu rodols of 5ILI n t a b o l i a m  i n  
e l l a n  tumor.. 

Thue p r o l k i n u y  c o r r o l a t l o ~  ktveur 
tho valuos e8tbat.d i n  SOU rats and 
the tismuo ortracts from otbor r a t s  

mcouraging, given that thoro 
is a signific~nt degroo of i n t o r a n h l  
v u i a b f l i t y ,  and t h a t  this first mod01 
t e a t d  (2A) MY not be tho best 
rmpr8aurtation of the wtabolic ovutts 
occuting i n  a givur rat's tumor. 

am v o l l  am of ~ o r o  complex rodrls, i s  
i n  progress, as v o l l  a8 direct 
c o r r o l a t i o r u  i n  t h o  .am0 a n b a l .  

bt8ilrb e 8 t d t i O n 8  f r a  a11 lod018, 

1) wolf, w., S O N i 8 ,  K.L. and 
Xl-T.h+rvy, A * ,  - t rac t .  Of tho 8th. 
SlQPt, 4 1 1 ,  1989, Now York. 
2 )  woir, w., ~r0-t .  c.A.. s-i. 
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Noninvaslve '*r  NbCf4 SpectroscoPic StudLes of Drug Targetlnq and Hctabollnm :? 

Rabbit snd Rat Tumor nodels. 
I 

A .  ~ l - ~ a h t a v y ,  K . L .  Servis and w .  wolf. Radiopharmacy Proqram and Departmen: z!C 
Ch.mistry, University of Southern California, Los Angelas, CA 

In-vivo "F-NHR spectroscopy ( N M R S )  
has been used to study tho kinetics of 
uptake, retention and metabolism of 
5-fluorouracil ( 5 F U )  in rabbit (VX2) 
and raK (Walker 256) tumors, as 
potential models for human tumors. All 
in-vivo studies were performed in a 
4 . 7 ~  csI CE spectrometer, and ox-vivo 
in a 270 H?IZ IBH WP27OSY. A comparison 
of IV vs. IA delivery of 5FU to tho 
vx2 carcinoma in rabbits revealed that 
vhile the amount of initial uptako by 
the tumor vas significantly anhanced 
( 3  to 8 fold), no differences could bo 
detected in tho kinotics of free 5 N  
in that tumor, nor did this tumor 
model revoal any N%R-dotoctablo 
metabolites. Tho tr/a of fro. 5 N  in 
the VX2 tumors ranqod from 1-2 hrs, 
whereas its tA/a in tho blood of thoso 
same rabbits was moarurod at 6-8 min. 
Fluoronuclootido/sido (FNUC) siqnals 
are howevor dotoctod --vivo in theso 
V X ~  tumors following thoir oxcision, 
probably duo to tho hydrolysis of tho 
N%R-invisiblo macromoloculos, vith no 
subsequent changes, ovon aftor wook8 
at 4OC. A traco of FBAL, again not 
obstrvod in in -v im,  was also 
detectablo. 

A differont pattorn is 0bsont.d in tho 
walker 256 carcinosarcoma. Not only is 
free SW soon in-vivo in that rat 
tumor, but also a FNUC signal 4.5 ppm 
upfield, and fluoroktaalanino (FBAL) 
lS.6 ppm ciownfioh~. On excision of 
this tumor, significant hydrolysis of 
FHUc to 5FU war obso~md,  vith no 
detectable chango in th?.intmnsity of 
the F3AL signal. Thoso P-NKR spctra 
in rat tumors diffor significantly 
from those obsorvod in rat livors (1). 

Tho significance of thoso rorults MY 
be analyzod by using a corpartrontal 
model approach. ~ h o  a h v o  rosults 
suggest that tho activitios of tho 
enzymes inwlvod i n  t h o  tumoral 
metabolism of 5PU diffor significantly 
butweon tho MI and tho Walkor 256 
tumors. Uhilo tho rat. and d-00 of 
tumor uptako of SFU appear. to bo 
primarily datamined by its local 
concentration in t h m  blood on 
first-passago, tho intra-tumoral tr/r 
of freo SFU vould rmflwt tho 
competing offoctr of tho rat. li8iting 
anabolism of thia drug to its 
nucltosidos/tidos (required for its 
subsequent incorporation into RHA 
and/or thymidilato synthetase), as 
opposed to it8 diffusion out of tho 
tumor and/or its catabolism. Tho full 
mochanistic and thorapeutic 
signiticanco of tho intratumoral try= 
of 5Fll would thus deprnd on how this 

b 3  

parameter could be correlated to :here 
competrnq metabolic proceses. 

It is ,?f interest to note that the 
only F-NKR signal that had been 
detected in (some) human tumors was 
that of free 5FU (2), following IV 
administration of this druq. Thus, it 
neods to bo determined whether t h e  
rabbit (and its VX2 tumor) is a valid 
animal model to r  studying targeting 
and intra-tumoral metabolism of 5FU, 
givon tho apparont s in1 lar ities 
betwoon human and rabbit '*T-HKR 
spoctral pattoms in both their livers 
and tumors. 

? . . .# . . . . . . .  I '  - a0 0 -10 - 
Fig.1: Left, i n  v i v o  19F YXR 
i n  V X 2  tumor of rabbit. R i g h t :  s ; e r r r a  
following e x c i s i o n .  

s p e c t r a  

4'b!\ -!/ 
.. . . .. . . .--.. . . . . , . . . . . . , 

1 .  . - 0  .. .". ..., 
Figure 2: Top, i n - v i v o  19F NMR spectra 
I n  walker-256 tumor i n  rat. Bottoa. 
spectra at 0, 3 and 5 hrr. excised. 

1) W. Wolf, A.L.  SONIS and 
El-Tahtawy, Abutracts of the 
SIIRII, 5 6 7 ,  1987, NOW York. 

2) W. Wolf, C.A. Prosant, 
Albriqht, ot al., Abstracts of 
7 4 t h .  RSWA, 1209, 1988, Chicago. 
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In w o r k  we presen ted  a t  SHRM ( 1 )  
l a s t  y e a r ,  we documented t h a t  l t  is, 
p o s s i b l e  t o  monitor t h e  metabol i sm of: 
drugs  such a s  5 - f l u o r o u r a c i l  (5FU) non-a 
i n v a s i v e l y  i n  p a t i e n t s  u s i n g  F-19 N C I R ]  
s p e c t r o s c o p i c  methods. F o l l o v i n g ;  
a d m i n i s t r a t i o n  o f  600 m g / m 2  of SFU, t h e ;  
s t a n d a r d  chemotherapeut ic  d o s e ,  t o ;  
p a t i e n t s  being t r e a t e d  f o r  sa rcomas  of, 
t h e  head and neck, ve documented bo th :  
t h a t  t h e  o n l y  p roduc t s  t h a t  c o u l d  b e ;  
d e t e c t e d  i n  t h e i r  l i v e r s  were 5FU a n d ;  
f l u o r o - b e t a - a l a n i n e  (FBAL) and t h a t  t h e :  
h a l f - l i v e s  of t h e  drug c a t a b o l i t e s  i n :  
t h e i r  l i v e r s  d i f f e r  s i g n i f i c a n t l y  f rom;  
p a t i e n t  t o  p a t i e n t  ( t h e  t 1 / 2  of 5 F U :  
raiiged from IS t o  over  30 m i n )  ( 2 1 . ;  
W h i l e  drug anabol i sm t o  t h e  a c t i v e :  
n u c l e o s i d e s / t i d e s  could  no t  b e  o b s e r v e d :  
i n  t h e  l i v e r  u f  L h a s c  p a t i e i i l s ,  s u c i i ,  
produc t s  could be observed  i n  tumors  o f :  
some of t he  p a t i e n t s  s t u d i e d  ( 3 ) .  

Ye nou w i s h  t o  r r p o r t  a rerioo o f :  
c~ompara t ive  s t u d i e s  of 5FU metobollom: 
i n  r a b b i t s  and r a t s ,  c o a p l e m e n t i n g ;  
p r i o r  NHRS s t u d i e s  i n  mice a t  1 .89  a n d ;  
2;tT (0,S.b). W h i l e  mice had been shown; 
t o  me tabo l i ze  5FU v e r y  r a p i d l y ,  a n d :  
lend  t o  both FBAL and 5 - f l u o r o u r e l d o - :  
p r o p i o n i c  ac id  (FUPA) i n  t h e i r  l i v e r s , ;  
no FUPA could b e  d e t e c t e d  i n  r a b b i t .  i n :  

: t h e  p r e s e n t  r t u d y  ( a t  1 . 7 1 ) .  The r e t a - ;  
:holism of 5FU i n  r a t s  r e v e a l s  t h a t ,  i n ;  
. t h e i r  l i v e r s ,  FBAL is a g a i n  t h e  ma jo r :  
m e t a b o l i t e ,  and t h a t  a m a l l .  b u t  obse r - :  
v a b l e  c o n c e n t r a t i o n s  of FUPA can a l s o ;  
be d e t e c t e d .  What is i n t e r e s t i n g  is; 
t h a t  a more s i g n i f i c a n t  amount of t h e ;  
a n a b o l i t e ( 8 )  can be observed  i n  r a t !  
l i v e r .  not seen  e i t h e r  i n  r a b b i t  o r :  
human l i v e r s  a t  t h e  d o s e s  g i v e n ,  b u t :  
seen  p rev ious ly  i n  sma l l  amounts i n  t h e ;  
l i v e r  of mice ( 5 )  f o l l o w i n g  a d m i n i s t r a - ;  
t i o n  of 130 mg/Kg of 5FU. 

Bolus i n j e c t i o n  of 5FU t o  r a b b i t s 1  
and t o  r a t s  a t  dooes r a n g i n g  from 30 t o :  
150 mg/Kg also a p p e a r s  t o  conf i rm t h e ;  
s t r o n g  dore dependence of t h e  d r u g ' s ;  
metabolism: t h e r e  is r a p i d  c a t a b o l i s m *  
of 5FU t o  FBAL, as d e t e c t e d  by t h o :  
. spec t ra  of t h e  l i v e r s  of bo th  r a b b i t s ,  
and r a t s ,  vhen t h e  d rug  is a d m i n i s t e r e d ~  
a t  low dosea ( s i m i l a r  t o  t h o r o  u s e d  i n :  human chemotherapeut ic  regimens). The ,  
metabol i rm of t h e  drug  a p p e a r r  t o  be: 
s i g n f f i c a n t l y  slowed dovn vhen t h e  d r u g l  
I s  admin i s t e red  a t  t h e  h i g h e r  d o s e s  t o :  
c o n t r o l  r a b b i t s .  t h e r e b y  c o n f i r m i n g :  
t h a r  in -v ivo  the d e t o x i f i c a t i o n  e n r y m a ~  
s y s t e m  appea r r  t o  be s a t u r a b l e .  F i g u r e :  
1 summarizes t h e  s p e c t r a  o b t a i n e d  t o ;  
d a t e  i n  t h e  l i v e r  of mice ( A : t O  mg/Kg ,~  
1.89T). r a t s  (B:150 mg/Kg) ,  r a b b i t s :  
( C : 5 0  mg/Kg: C':150 m a / g ) 2  ( b o t h  m t i  
6.7T) and humanr (D: 600mg/m , 1.5T). ; 

- -  - 1  
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A major q u e s t i o n  such  s t u d i e s  may 

:be a b l e  t o  he lp  ansvef  i s  one of t h e  
:key problems i n  pharmacology: how t o  
! d e f i n e  which e x p e r i m e n t a l  an imal  model 
! w i l l  m i m i c  b e s t  human d r u g  metabol i sm.  
The p resen t  r e s u l t s  s u g g e s t  t h a t  non- 
i n v a s i v e  moni tor ing  of drug  me tabo l i sm,  
can be c a r r i e d  ou t  i n  a v a r i e t y  o f  
animal s p e c i e s ,  and t h a t  t h e  r a b b i t  
appea r s  t o  be a s u i t a b l e  an imal  model 
t h a t  may a l low u s  t o  h e l p  unde r s t and  
t h e  mechanism and t h e  r e a s o n s  v h y  
i n d i v i d u a l  p a t i e n t r  may respond 

. d i f f e r e n t l y  t o  5FU chemotherapy .  

. l j  Wolf, g., S i l v e r ,  H . ,  weber.  H.. e t  
; s l . ,  A b s t .  SOC. Hag. Reson. fled. p . .  
: 653, 1986 

12) Wolf, Y . ,  A l b r i g h t ,  H., S i l v e r ,  H.. 
: e t  a l . .  Hag. Res. h a g .  2. 1987. 

; 3 )  Wolf, W . ,  A l b r i g h t ,  H., S i l v e r ,  H. 
; e t  a l . ,  Radiology lal(P1. 315,  1986 

I 

it) Stevens ,  A . N . ,  H o r r i s ,  P.C., I l e s ,  
: R . A .  e t  a 1 ,  Br1t.J. Cancar 50, 113. 

1981 

: 5 )  Hull, U.E., P o r t ,  R., Osswald,  H. 
: e t  a l . ,  A b r t .  SOC. Hag. Reson. Hed. 
' p.  5 9 6 ,  1986. 

. 6 )  Wolf. Y . .  C r i f f i t h s .  J.R.. S i l v e r .  . a )  Wolf. Y . .  C r i f f i t h s ,  J.R., S i l v e r ,  
: M. e t  a l .  J. N u c l .  Hed. 27. 7 3 7 , %  
: 1986. 

. ~~- _. : M. e t  a l ;  J. N u c l . .  Hed. 27. 7 3 7 ; %  
: 1986. 
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1. The prospective primary participant certifies to the best 
of its knowledge and belief, that it and its principals: 

a. Are not presently debarred, suspended, proposed for 
debarment, declared ineligible, Or voluntarily excluded from 
covered transactions by any Federal department or agency; 

b. Have not within a three-year period preceding this 
proposal been convicted of or had a civil judgment rendered 
against them for commission of fraud or a criminal offense in 
connection with obtaining, attempting to obtain, or performing 
a public (Federal, State or local) transaction or contract 
under a public transaction; violation of Federal or State 
anti-trust statutes or commission of embezzlement, theft, 
forgery, bribery, falsification or destruction of records, 
making false statements, or receiving stolen property; 

A r e  not presently indicted for or otherwise criminally 
or  civilly charged by a governmental entity (Federal, State 
or local) with commission of any of the offenses enumerated 
in paragraph 1.b. of this certification; and 

c. 

d. Have not within a three-year period preceding this 
application/proposal had one or more public transactions 
(Federal, State or local) terminated for  cause or default. 

2. Where the prospective primary participant is unable to 
certify to any of the statements in this certification, such 
prospective participant shall attach an explanation to this 
proposal 

rhern r a m  
Organization Name Award Number 

'1. P 
Name and T i t y o f  A u t h o r i z e d d  

97. V i r p  PrPc' ct 

(See Reverse) 

USDOE-OR0 (?/Po) 

I U b 3 f b b  
PCDFA-083 



Instructions for Certiflcatlon 

1. By signing and submitting this proposal, 
the prospective primary participant is provid- 
ing the certification set O u t  below. 

2. The inability of a person to provide the 
certification required below will not neces- 
sarily result in denial of participation in this 
covered transaction. The prospective partici- 
pant shall submit an explanation of why it 
cannot provide the certification set out below. 
Thg certification or explanation will be con- 
sidered in connection with the department or 
agency's determination whether to enter into 
this transaction. However, failure of the 
prospective primary participant to furnish a 
certification or an explanation shall disqualify 
such person from participation in this trans- 
action. 

3. The certification in this clause is a 
material representation of fact upon which 
reliance was placed when the department or 
agency determined to enter into this trans- 
action. If it is later determined that the 
prospective primary participant knowingly 
rendered an erroneous certification, in 
addition to other remedies available to the 
Federal Government, the department or 
agency may terminate this transaction for 
cause or default. 

4. The prospective primary participant shall 
provide immediate written notice to the de- 
partment or agency to whom this proposal is 
submitted if at any time the prospective pri- 
mary participant learns that its certification 
was erroneous when submitted or has been 
erroneous by reason of changed circumstances. 

5. The terms "covered transaction," "debar- 
red,' "suspended," "ineligible,' "lower tier 
covered transaction," 'participant," 'penon," 
"primary covered transaction: "principal,' 
"proposal," and "voluntarily excluded,' as used 
in  this clause, have the meanings set out in the 
Definitions and Coverage sections of the rules 
implementing Executive Order 12549. You 
may contact the department or agency to 
which this proposal is being submitted for 
assistance in obtaining a copy of those 
regulations. 

6. The prospective primary participant 

agrees by submitting this proposal that, should 
the proposed covered transaction be entered 
into, it shall not knowingly enter into any 
lower tier covered transaction with a person 
who is debarred, suspended, declared ineli- 
gible, or voluntarily excluded from partici- 
pation in this covered transaction, unless 
authorized by the department or agency enter- 
ing into this transaction. 

7. The prospective primary participant fur- 
ther agrees by submitting this proposal that it 
will include the clause titled "Certification 
Regarding Debarment, Suspension, Ineligi- 
bility and Voluntary Exclusion - Lower Tier 
Covered Transaction," provided by the depart- 
ment or agency entering into this covered 
transaction, without modification, in all lower 
tier covered transactions and in all solicitations 
for lower tier covered transactions. 

8. A participant in a covered transaction 
may rely umn a certification of a prospective 
participant in a lower tier covered transaction 
that it is not debarred, suspended, ineligible, 
or voluntarily excluded from the covered 
transaction, unless it knows that the certifi- 
cation is erroneous. A participant may decide 
the method and frequency by which it deter- 
mines the eligibility of its principals. Each 
participant may, but is not required to, check 
the Nonprocurernent List (Telephone No. 
[financial assistance administrator]). 

9. Nothing contained in the foregoing shall 
be construed to require establishment of a sys- 
tem of records in order to render in good faith 
the certification required by this clause. The 
knowledge and information of a participant is 
not required to exceed that which is normally 
possessed by a prudent person in the ordinary 
course of business dealings. 

10. Except for transactions authorized under 
paragraph 6 of these instructions, if a partici- 
pant in a covered transaction knowingly enters 
into a lower tier covered transaction with a 
penon who is suspended, debarred, ineligible, 
or voluntarily excluded from participation in 
this transaction, in addition to other remedies 
available to the Federal Government, the de- 
partment or agency may terminate this trans- 
action for cause or default. 



I CERTIFICATION REGARDING LOBBYING 

This certification is required by Section 319 of Public Law 101-121 and the OMB 
Governmentwide Guidance for New Restrictions on Lobbying; Interim Final Guid- 
ance, as published in the Federal Register on December 20, 1989. 

NOTE: Based on OMB guidance dated March 23. 1990, and Civilian Agency Council Letter No. 90-04 dated 
April 4 .  1990, this certification applies only to the instant transaction and not t o  a l l  transactions. 

The undersigned certifies, to the best of his or her knowledge and belief, 
that: 

a. No Federal appropriated funds have been paid or will be paid, by or 
on behalf of the undersigned, to any person for influencing or attempting to 
influence an officer or employee of any agency, a Member of Congress, an offi- 
cer or employee of Congress, or an employee of a Member of Congress in connec- 
tion with the awarding of any Federal contract, the making of any Federal grant, 
the making of any Federal loan, the entering into of any cooperative agreement, 
and the extension, continuation, renewal, amendment, or modification of any Fed- 
eral contract, grant, loan, or cooperative agreement. 

If any funds other than Federal appropriated funds have been paid 
or will be paid to any person for influencing or attempting to influence an of- 
ficer or employee of any agency, a Member of Congress, an officer or employee 
of Congress, or an employee of a Member of Congress in connection with this 
Federal contract, grant, loan, or cooperative agreement, the undersigned shall 
complete and submit Standard Form-LLL, "Disclosure Form to Report Lobbying," in 
accordance with its instructions. 

b. 

c. The undersigned shall require that the language of this certification 
be included in the award documents for all subawards at all tiers (including sub- 
contracts, subgrants, and contracts under grants, loans, and cooperative agree- 
ments) and that all subrecipients shall certify and disclose accordingly. 

This certification i s  a material representation of fact upon which reliance 
was placed when this transaction was made or entered into. Submission of this 
certification is a prerequisite for making or entering into this transaction 
imposed by section 1352, title 31, U.S. Code. Any person who fails to file the 
required certification shall be subject to a civil penalty of not less than 
$10,000 and not more than $100,000 for each such failure. 

t V  of -Californra 

Organization Name Award Number 

J. m s .  Sr. Vice Pr es ident  f o r  Academic Affairs and Provost 
Name and Title of 

Signature 
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Place of Performance: The applicant shall inscrt in the spam providcd below the sitds) for the 
p e r f o r r h c e  of work done in connection with thc s p f i c  grant: (strcct address, city, county, 
state, zip code) 
L ‘ n i v e r s i t y  of  Southern C a l i f o r n i a  
(Rad io logy  (Div i s ion  of Bas ic  Yed ica l  Imaging Sc iences )  

1985 Zonal Avenue 

Los Ange les ,  CA 90033 

An auulicant who is an individual certifies that, as a condition 0, the grant, ..e or she will not 
engage in the unlawful manufacture, distribution, dispensing, possession, or use of a 
controlled substance in conducting any activity with the grant. 

This assurance is given in connection with any and all financial assistance from the 
Department of Energy after the date this form is signed. This includes payments after such 
date for financial assistance approved before such date. The applicant recognizes and agrees 
that any such assistance will be extended in reliance on the representations and agreements 
made in tlus assurance, and the United States shall have the right to seek judicial enforcement 
of this assurance. This assurance is binding on the applicant, its successors, transferees, and 
assignees, and on the authorized official (or individual applicant, as appropriate) whose 
signature appears below. 

Univers i ty  of  Southern C a l i f o d a  
Organization Name Award Number 

C o r n e l i u s  J. Pings,  Sen io r  Vice P r e s i d e n t  f o r  Academic 
of Authorized 

Name and Title 

Signature 
‘Date ’ 

32 



CIRTIPICATIOI REGARDIN0 D g m ,  808PE38103, AKD 
OTHER RESPOISIBILITY XATTIRS - PPIXARY COVERED TRAblSACTXOXS 

1. The prospective primary participant certifies to the best 
of its knowledge and belief, that it and its principals: 

a. Are not presently debarred, suspended, proposed for 
debarment, declared ineligible, or voluntarily excluded from 
covered transactions by any Federal department or agency; 

b. Have not within a three-year period preceding this 
proposal been convicted of or had a civil judgment rendered 
against them for commission of fraud or a criminal offense in 
connection with obtaining, attempting to obtain, or performing 
a public (Federal, State or local) transaction or contract 
under a public transaction; violation of Federal or State 
anti-trust statuteis or commission of embezzlement, theft, 
forgery, bribery, falsification or destruction of records, 
making false statements, or receiving stolen property: 

c. Are not presently indicted for or otherwise criminally 
or civilly charged by a governmental entity (Federal, State 
or local) with commission of any of the offenses enumerated 
in paragraph 1.b. of this certification; and 

d. Have not within a three-year period preceding this 
application/proposal had one or more public transactions 
(Federal, State or local) terminated for cause or  default. 

2. Where the prospective primary participant is unable to 
certify to any of the statements in this certification, such 
prospective participant shall attach an explanation to this 
proposal. 

UMDNJ - New Jersev Xedical School 
Organization Name Award Number 

Dr. Carol Welt, Assistant Dean for Research and Sponsored Programs 
Name and Title of Authorized Representative 

Signature Date 

O b 3  ' l o  USDOE-OR0 (7/9O) 

(See Reverse) 

27 PQ)FA-083 
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Raghbir S. Athwal P. 
Raghbir S .  Athwal 

I 

Education 

Institution and Location 
Year 

Degree Conferred Field of Study 

-- 

Experience: 

1985-Present Associate Professor, Department of Microbiology and Molecular Genetics, 
New Jersey Medical School 

1978-1985 Assistant Professor, Department of Microbiology and Molecular Genetics, 
New Jersey Medical School 

1973- 1978 Research Associate, Laboratory of Biochemistry, National Cancer Institute, 
NIH 

197 1- 1973 Postdoctoral Fellow, Division of Human Genetics, Dept. of Pediatrics 
Howard, University Medical School. 

Publications: (5  most recent references [57 totalD 

1. Sidhu, M.S. and R.S. Athwal 
PCR (Manuscript in Preparation for PNAS) 

DNA Fingerprinting of human chromosomes by Alu- 

2. Gudi, R., S.S. Sandhu and R.S. Athwal (1990) Kinetochore identification in micronuclei 
in mouse bone marrow erythrocytes: An assay for t he  detection of Aneuploidy inducing 
agents. Mutation Res. - 234963-268. 

3. Kaur, C.P. and R.S. Athwal (1989) Complementation of DNA repair defect  in 
Xeroderma Pigmentosum cells: by transfer of human chromosome 9. Proc. Nat l .  Acad. 
Sci. U.S.A., - 86:8872-8876. 

quasi-stable mouse/human somatic cell hybrid. Chromosoma, 98: 167-173. 
4. Vig, B.K. and R.S. Athwal (1989) Sequence of centromere separation: Separation in a 

5.  Gudi, R., S.S. Sandhu and R.S. Athwal (1989) A genetic method to quant i ta te  induced 
chromosome breaks using a mouse/human monochromosomal hybrid cell  line: 
Identification of potential clastogenic agents. Mutation Res. - 225:149-156. 

6. Sandhu, S.S., R. Gudi and R.S. Athwal (1988) A genetic assay for aneuploidy: 
Quantitation of chromosome loss using a mouse/human monochromosomal hybrid cell 
line. Mutation Research, - 201:423-430. 

7. Athwal, R.S., M. Smarsh, B.M. Searle and S.S .  Deo (1985) Integration of a dominant 
selectable marker into human chromosomes and transfer of marked chromosomes to 
mouse cells by microcell fusion. Somatic Cell and Mol. Genet. - 11:2:177-187. 

Dhar, V., B.M. Searle and R.S. Athwal (1984) Transfer of Chinese hamster chromosome 
I to mouse cells and regional assignment of 7 Genes: A combination of gene transfer and 
microcell fusion. Somatic Cell and Mol. Genet. - 10547-559. 

8. 

I O b S 1 1 2  I 



Raghbir S. Athwal P . 1  

I 

Name - 
Harvey L. Ozer 

Birthdate 

Institution and Location 
Year 

Degree Conferred Field of Study 

Experience: 

1960-63 

1964 

1966-69 
1969-72 

1975 

1972-77 

1977-88 

1983-88 

1983-88 

1986-88 

1988- 

Fellow, Department of Genetics, Stanford Medical School (Immunogenetics, 
Somatic Cell Genetics) 
Visiting Scientist, Inst. Tumor Biology, Karolinska Institute, Stockholm, 
Sweden (G. Klein) * 

Research Associate and Post-doctoral Fellow, NIAID, NIH 
Senior Staff Fellow, Laboratory of Biochemistry, NCI, NIH, Independent 
Investigator 
Visiting Scientist in the laboratory of Dr. E. Winocour, Department of 
Virology, Weizmann Institute, Israel 
Senior Scientist, Worcester Foundation for Experimental Biology, 
Shrewsbury, MA 
Professor of Biological Sciences and Biochemistry, Department of 
Biological Sciences, Hunter College, CUNY, New York, NY 
Thomas Hunter Professor of Science and Mathematics, Hunter 
CollegelCUNY 
American Cancer Society Scholar and Visiting Professosr, Department of 
Molecular Biology and Genetics, Johns Hopkins School of Medicine, 
Baltimore, MD 
Program Coordinator, Center for Gene Structure and Function, Hunter 
College 
Professor and Chairman, Dept. of Microbiology and Molecular Genetics, 
UMDNJ-New Jersey Medical School, Newark, NJ 

Publications: (5 most recent references [57 total] ) 

1. 

2. 

3. 

4. 

5.  

I O b 3 1 1 3  

Dermody, J.J., Lawlor, K., Du, H., Wojcik, B., Jha, K.K., Malkas, L., Hickey, R., 
Baril, E., and H.L. Ozer (1988) Polyoma virus DNA synthesis in vitro: Studies 
with CHO, 3T3, and their tsDNA mutants. Cancer Cells 6:95-100. 
Klein, C.E., Ozer, H.L., Traganos, F., Atzpodien, J. DoGtgen, H.F., and L.J. Old 
(1988) A transformation-associated 130kD cell surface glycoprotein is growth 
regulated in normal human cells. J. Exp. Med. g:1684-1696. 
Dermody, J.J., Lawlor K., Malkas, L., Du, H., Orlian, M., Wojcik, B., Jha,  K.K. and 
H.L. Ozer (1988) Mammalian cell mutants ts  in DNA synthesis. Current 
Communications in Molecular Biology: Cell Cycle Control in Eukaryotes, pp 100- 
105. 
Radna, R.L., Caton, Y . ,  Jha, K.K., Kaplan, P., Li, G., Traganos, F., and H.L. 
Ozer (1989) Growth of immortal SV40 tsA-transformed human fibroblasts is 
temperature-dependent. Mol. Cell. Biol. 9:3093-3096. 
Wojcik, B.E., Dermody, J.J., Ozer, H.LT, Mun, B., and Mathews, C.K. (1990) 
Temperature-sensitive DNA mutant of Chinese hamster ovary cells with a 
thermolabile ribonucleotide reductase activity. Mol. Cell. Biol. - 10:5688-5699. 



Raghbir S .  Athwal P.I. 

Jeffrey Wilusz, Ph.D. 

EKPLOYWDtT EXPERIENCE 
8/1/89 to present Assistant Professor of Microbiology & Mol. Genetics 

UMDNJ - New Jersey Medical School 
Newark, New Jersey 07103 

9/85 to 8/89 Postdoctoral Fellow 
Princeton University, Princeton, NJ 08544 
Advisor: Thomas Shenk, Ph.D. 

SCHOLAFtSHIPS/HONORs/FEI.J.DWSHIPS 

John Zdanewicz Scholarship 1977-1978 
Award in Animal Science 1980 
Dean's List, Cook College 1977-1981 
Graduated with Highest Honors 1981 
James B. Duke Graduate Feliowship 1981-1982 
Departmental Merit Scholarship 1981-1985 
National Science Foundation Graduate Fellowship 1982-1985 
American Cancer Society Postdoctoral Fellowship 1986-1988 
Howard Hughes Medical Institute Research Associate 1989 

SELECTED PUBLICATIONS 

Wilusz, J., Kurilla, M.G. and Keene, J.D. (1983). Proc. Natl. Acad. S c i .  
USA 80: 5827-5831. 

Wilusz, J. and Keene, J.D. (1984). Virology 135: 65-73. 

Wilusz,J., Youngner, J.S, and Keene, J.D. (1984). Virology 140: 249-256. 

Kiley, M.P., Wilusz, J., McCormick, J.B. and Keene, J.D. (1986). Virology 
149: 251-254. 

Wilusz, J. and Keene, J.D. (1986). J. Biol. Chem. 261: 5467-5472. 

Wilusz, J. and Shenk, T. (1988). Cell 52: 221-228. 

Wilusz, J., Feig, D.I. and Shenk, T. (1988). Mol. Cell. Biol. 8: 4477- 
4483. 

Wilusz, J., Pettine, S.M. and Shenk, T. (1989). Nucleic Acids Res. 17: 
3899-3908. 

Wilusz, J., Shenk, T., Takagaki, Y. and Manley, J.L. (1990). Mol. Cell. 
Biol. 10: 1244-1248. 

Wilusz, J. and Shenk, T. (1990). Mol. Cell, Biol. 10: 6397-6407. 

Takagaki, Y., Manley, J .L . ,  MacDonald, C.C., Wilusz, J. and Shenk, T. 
(1990). CstF is a multisubunit factor required for polyadenylation of 
mammalian pre-mRNAs. Genes Dev,, in press. 

l o b 3 1  1 4  
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Raghbir S. Athval P . 1  

U 

Education: 

Michael Barry Small 

Previous Employment and Experience: 

9/74-8/76 

9/77-8/78 

9/78-2184 

3184- 12/87 

1 188-4189 

7189-Pre~ent 

Senior Honors Researchmesearch Assistant, Department of Biochemistry, 
State University of New York at Stony Brook (Dr. Masayori Inouye, 
advisor) 

Research Assistant, Department of Biological Sciences, Hunter College of 
the City University of New York 

Doctoral Student in Biochemistry, Department of Biological Sciences, 
Hunter College of the City University of New York (Dr. Harvey L. O m ,  
thesis advisor) 

Identification of cellular transforming genes in chemically-transformed 
mouse fibroblasts by DNA-mediated gene transfer; analysis of the 
transformed phenotype by somatic cell hybridization; transformation of 
diploid human fibroblasts. 

Postdoctoral research fellow, G.W. H o o p  Foundation, University of 
California, San Francisco (Dr. J. Michael Bishop, sponsor) 

Assistant Research Virologist, G.W. H o o p  Foundation, University of 
California, SanFrancisco 

Anti-sense RNA inhibition of HSV thymidine kinase expression in mouse 
cells; analysis of the transforming activity of human N-myc and c-myc by 
DNA transfection and retroviral infection; construction and Screening of a 
mouse cDNA library for differentially-expressed genes in myc-transformed 
rodent cells. 

Assistant Professor, Department of Microbiology and Molecular Genetics, 
W N J - N e w  Jersey Medical School 

Publications: 

Small, M.B., Hay, N., Schwab, M., and Bishop, J.M. (1987) Neo lastic Transformation 

Kothari, N. and Small, M.B. Dominant-negative reversion of c-myc transformation by a 
mutant c-myc allele. (manuscript in preparation) 

by the Human Gene N-myc. Molecular and Cellular Biology 7: 16 s 8-1645 

Small, M.B., Hubbard-Smith, K., and Pardinas, J.R. Telomere Length in Normal and 
SV4O-Transformed Human Fibroblasts (manuscript in preparation) 

[ . O b 3  I 1 5  
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Raghbir S. Athwal P . I .  

NAME : I 

CURRENT POSITION: 

EDUCATION: 

Franklin Desposito, MD 

Acting Chairman, Department of Pediatrics 
UMDNJ-New Jersey Medical School 
Newark, N e w  Jersey 
Professor of Pediatrics 
Director, Division of Human Genetics 

POSTGRADUATE TRAINING: 

1957-58 Rotating Intern, Long Island Jewish Medical Center, NY 
1958-61 Pediatric Resideny/Chief Resident, Long Island Jewish 
1961-63 Fellow, Pediatric Hematology, U of Wisconsin Medical 

School, Madison, WI 

PROFESSIONAL APPOINTMENTS: 

1971-89 Assoc. Prof. of Pediatrics, UMDNJ-NJ Medical School 
1981- Director, Division of Human Genetics, UMDNJ-NJMS 
1989- Professor of Pediatrics, UMDNJ-NJMS 
1990- Acting Chairman, Dept. of Pediatrics, UMDNJ-NJMS 
1990- Pediatrician-in-Chief, Children's Hospital of NJ, Newark 

CERTIFICATION: 

1964 Am. Bd. of Pediatrics. Recertified 1986 
1974 Am. Bd. of Pediatric Hematology/Oncology. Recertified 1986 
1982 Am. Bd. of Medical Genetics-Clinical Genetics 

PUBLICATIONS: 

1. 

2.  

3. 

4. 

5. 

6. 

Shih, LY, Suslak, L, Rosin, I, Searle, BM & Desposito, F: "Gene 
dosage studies supporting the localization of the structural gene 
for galactose-1-phosphate uridyl transferase (GALT) to Band p13 
of chromosome 9." Am J Med Genet, 19:539-543, 1984. 
Suslak, L, Price, D & Desposito, F: "Transmitting balanced trans- 
location information among family members.11 Am J Med Genet, 

Lieber, C, Bordiuk, J, Desposito, F: "46,XY/46XX blood chimerism 
with severe central nervous system defect and multiple congenital 
malformation.11 Am J Med Genet, 23:833-836, 1986. 
McCormack, MK, Stone, N, Desposito, F, Boehme, CD, Kazazian, HH, 
Jones, RT: "Normal production of the mutant hemoglobin in 
heterozygotes for hemoglobin J Paris and B-thalassemia." 
Hemoalobin, 10:427-432, 1986. 
Suslak, L, Desposito, F: IIInfant with cleft lip/cleft palate." 

20:227-232, 1985. 

Pediatr Rev, 9:331-334, 1988. 
Shih, LY, Kurer, HM, Chen, TH, Desposito, F: llStrain differences 
galactokinase level. and susceptability to the teratogenic ef ect 
of dietary galactose in mice." Teratoloav, 38:175-179, 1988. 

V 



Raghbir S. Athval P.I. 

* 

E DUCATION: 

BURTON P. FINE 

PREVIOUS EMPLOYMEST AND EXPERIENCE: 

1968 - 1969 

1969 - 1973 

1973 - 1990 

1990 - Present 

PUBLICATIONS: (last 

Albert Einstein Med. Center, New York, NY 
Instructor 
University of Medicine & Dentistry of New Jersey 
Assistant Professor of Pediatrics 
University of Medicine & Dentistry New Jersey 
Associate' Professor of Pediatrics 
Professor of Pediatrics 

3 years) 

Hatori, N., Fine, B.P., Nakamura,  A., Cragoe, Jr., E. and Aviv, A.: Angiotensin I1 effect on 
cytosolic pH in cultured rat vascular smooth muscle cells. J. Biol.  Chem. 1987, 
2625073-5078. 

Khalil,  F., Fine, B., Kuriyama,  S., Hatori, N., Nakamura, A., Nakamura, M. and Aviv, A,: 
Increased atrial natriuretic factor receptor density in cultured vascular smooth muscle 
cells of the spontaneously hypertensive rat. Cfin .  E x p .  Hyperten. 1987, 9:741-752. 

in rats and its reversal by sodium repletion. J .  of Pharntacol. & Exp. Therap. 1987, 

Fine,  B.P., Ty, A., Lestrange, N. and Levine, O.R.: Sodium deprivation growth failure i n  the 
rat: Alterations in tissue composition and fluid spaces. J .  N u l r .  1987, 117:1623- 1628, 

Kuriyama, S., Nakamura. A., Hopp,  L., Fine, B.P., Kino, M., Cragoe, Jr., E. and Aviv, A.: 
Angiotensin I1 effect on 22Na+ transport in vascular smooth muscle cells. J .  Cardioiw\c. 
Pharmacol. 1988, 11:139-146. 

growth in mice by sodium deficient diet. Cancer Res. 1988, 46:3445-3448. 

low level lead poisoning. Tox. A p p .  Pharm. 1988, 93:388-393. 

Ped. 1988, 27:240-242. 

vascular smooth muscle cells in the spontaneously hypertensive rat. A m .  J .  PhJ.sio1. 
1988, 255 (Cell Physiol. 24): C573-C580. 

ANF-induced cyclic G M P  response in vascular smooth muscle cells. J. Hyperteirsim. 

Fine, B.P., Ty, A., Lestrange, N., Maher, E. and Levine, O.R.: Diuretic-induced growth fa i lu re  

242:85-89. 

Fine,  B.P., Ponzio, N.M., Denny, T.N., Maher, E., and Walters, T.R.: Restriction of tumor 

Fine,  B.P.,  Vetrano, T., Skurnick, J., Ty ,  A.: Blood pressure elevation in  young dogs during 

Rivkees, S.A. and Fine, B.P.: The  reliability of calculated bicarbonate in clinical practice. C[iri. 

Nakamura,  M., Nakamura,  A., Fine, B.P., Aviv, A.: Blunted cyclic GMP response to ANF in  

Nakamura,  M., Hatori, N., Nakamura A., Fine, B.P., and Aviv, A.: Cytosolic Ca2+ attenuates 

1989, 715 1-56. 
Nakamura,  A., Gardner,  J., Hatori, N., Nakamura, M., Fine,  B.P., and Aviv, A.: Differences of 

cytosolic Ca2+ regulation in skin fibroblasts from blacks and whites. J .  Cell Phj9siol. 
1989, 138:367-374. 

Fine,  B., Hansen, K.A., Salcedo, J.R., and Aviv, A.: Calcium-Activated Potassium Channels i n  
Human Platelets. Proc. SOC. E x p .  Biof. Med. 1989, 1 9 2 ~ 0 9 - 1 1 3 .  

Hatori, N., Gardner,  J., Tomonari, H., Fine, B.P., and Aviv, A.: Differences in Na+/H+ antiport 
activity in cultured fibroblasts from blacks and whites. Hypertension 1990, 15:140- 145. 

VI 



W E  F 1600.5 
(1 0-86) 

OMB Contol No 
19104400 

US. Department of Energy 

Assurance of Compllrnca 

Nondlscrlmlnrtlon In Ftderrlly Asslstsd Prognm, 

Ufiversitv of Southern California (Hereinaner called the "Applicant") HEREBY AGREES to 
comply Title VI of the Civil Rights Act Of 1964 (Pub. L. 88352). Section 16 of the Federal Energy Administration Act 01 
1974 (pub. L. 93-275), Section 401 ot the Energy Reorganizatmn Acf of 1974 (Pub. L. 93438). 7itle IX of the Education 
,~.~.e;,~,nonts of 1972. as amended, (Pub. L. 92.316. Pub. L. 93568, and Pub. L. 94482), Section 504 of the Rehabilitation 
k t  of 1973 (Pub. L. 93-1 12). Ihe Age Discnmination Act Of 1975 (Pub. L. 94-135). Title VI11 of the Civil Rights Act of 1968 
(pub. L. 90-284). the DepaRment of Energy Organization Act of 1977 (Pub. L. 93.91), and the Energy Conservation and pm 
duction Act of 1976, as amended, (Pub. L. 94-385). In accordance with (he above laws and regulations issued pursuant 
there!o, the Applicant agrees to assure that no person in the United States shall, on the ground of race, color, national 
origin. sex. age. or handicap. be excluded from PafiiCiPatiOn in, be denied the benefits of, or be otherwise subjected to 
discrimination under any program or activity in which the Applicant receives Federal assistance from the Department of 
Energy. 

Appllcabillty rnd 
Pcrlod of Obllgatlon 

In the case of any service, financial ai3. covered employment. equipment, Property, or Structure provided, leased, or improv- 
& with Federal assistance extended :o the Applicant by the Depanment of Energy, this assurance obligates the Applicant 
for the period during which Federal assistance is extended. In the Case of any transfer of such service, financial d, equip 
merit, property, or structure, this assurance obligates the transferee for the period during which Federal ass isace is ex. 
tended. I f  any personal ProPerry is so provided. this assurance obligates the Applicant for the period during which it retains 
ownership or possession of the properry. In all other cases, this assurance obligates the Applicant for the period during 
which the Federal assistance is extended to the Applicant by the Depanment of Energy. 

Employment Practlces 

Where a primary objective of the Federal assistance is to provide employment or where the Applicant's employment prac- 
tices affect the delivery of services in programs or activities resulting from Federal assistance extended by the h p a m e n t ,  
the Applicant agrees not to discriminate on the ground Of race. Color. national origin, sex. age, or handicap, in its employ 
ment practices. Such employment practices may include, but are not limited to, recruitment. recruitment advertising, hiring, 
layoff or termination. promotion, demotion. transfer. rates of pay. training and panicipation in upward mobility programs; or 
other forms of compensation and use of facilities. 

Subrecipient Assurance 

The Applicant shall require any individual. organization, or other entity with whom it subcontracts, subgrants, or subleases 
for the purpose of providing any service. financial aid. equipment. Property, or structure to comply with laws cited *VS. To 
this end. the subrecipient shall be required to sign a written assurance form, however, the obligation of both recipient and 
sub(ecipien1 lo ensure compliance is not relieved by the collection or submission of written assurance forms. 

D8ta Collcctlon 8nd 
Access to Records 

The Applicant agrees IO compile and maintain information pertaining to programs or activities developed as a msutt of tho 
Applicant's receipt of Federal assistance from the Department of Energy. Such information Shall include, but ir not I'njtM 
to.the following: (1) the manner in which services are or will trr, provided and related data necessary for determining wheher 
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any Wr-9 are or will bo doni00 such SerVzeS On the basis of prohibited discnminatm. (2) the populallon digibk to b. 
by race. co lq.  national oripin. sex. ago and handicap. (3) data regarding covefcd rmployment including use or 

planned use of bilingual public COntaCt emPlOyeeS sewing beneficiaries of the program where nacessay lo permt eflectwa 
mnlctpation by beneficiaries unable to speak 01 understand English; (4) the location of existing or proposed trcilitiet eo,-,. 
netted mlh the program and related information adequate for determining whether the location has or mll have the ~nect  of 
unnecesarily denying access to any person on the basis 01 prohibited discrimmation. (5) the present or proposa membr. 
ship by race, color. national origin. sex. age and handicap. in any planning or advisory body which IS an integral pan of the 
program; and (6) any addittonal wrmn data determined by the Department 01 Energy to be relevant to 11s obligatmn 10 
assure compliance by recipients with laws cited in the first paragraph of this assurance 

me Applicant agrees to submit r~QUeS!ed data to the Department of Energy regarding programs and activities developed by 
the Applicant from the use of Federal aSflSlance tunds extended by the Department of Energy. Facilities of the Applicant 
(including the physical plants. buildings. Of other Structures) and all records, books, accounts. and other sources of informa. 
tm pr t inent  to the Applicant's compliance with the cwil rights laws shall be made available for inspection during normal 
business hours on request of an officer or employee 01 the Department of Energy specifically authorized to make such in- 
spections. Instructions in this regard will be provided by the Director, Office 01 Equal Opportunity, U.S. Department of 
Energy. 

This assurance is given in consideralion Of and lor the purpose of obtaining any and all Federal grants, loans, contracts 
(excluding procurement contracts). property, discounts or other Federal assistance extended after the date hereto, to the 
Applicants by  the Department of Energy, including installment Payments on account after such data of application for 
Federal assistance which are approved before such date. The Applicanl recognizes and agrees that such Federal assistaxe 

be extended in reliance upon the represe?lations and agreements made in this assurance and the the United States 
shall have the right to seek judicial enforcement of this assurance. This assurance in binding on the Applicant, its SUC. 
CeS$OfS, translerees. and assignees. as well as the person whose signature appears below and who is authorized to sign 
this assurance on behalf 01 the Applicant. 

University of Southern C a l i f o r n i a  
Department of Contracts 6 Grants 
Health Sciences Campus Office 

1975 Zona1 Avenue, KAM B 34 
(Name of Applicant) 

Los Angeles, CA 90033 
(Address) 

Cornelius J .  Pings 
(Authorized Off ictal) 

(21  3) 342-2396 
(Applicant's Telephone Number) 

I Q b 3  I19 


	Raghbir Athwal Ph.D
	Harvey Ozer M.D
	Frank Desposito M.D
	Burton Fine M.D

