_DTIC B

AD- A2“64| 288 ELECTE
WRIREAIREN v MAY1 3 1993

C

CONTRACT NO: DAMD17-90-C-0108

TITLE: PRECLINICAL PHARMACOLOGY OF ANTIVIRAL AGENTS
PRINCIPAL INVESTIGATOR: Roger A. Coulombe, Jr., Ph.D.

CONTRACTING ORGANIZATION: Utah State University
Department of Animal, Dairy and
Veterinary Science
Logan, Utah 84322-4620

REPORT DATE: December 11, 1992
TYPE OF REPORT: Final Report

PREPARED FOR: U.S. Army Medical Research and
Development Command, Fort Detrick
Frederick, Maryland 21702-5012

DISTRIBUTION STATEMENT: Approved for public release;
distribution unlimited

The findings in this report are not to be construed as an
official Department of the Army position unless so designated by
other authorized documents.

» 2 93-10209
93 5 10 005 ST




-

SICLRAITY CLANSFCATION OF =8 DA(is

form Approved

REPORT DOCUMENTATION PAGE CM8 No. 07040188

'3 REPCRT SECURITY CLASSIACAT.CN 1. RESTRICTIVE MARKINGS
Unclassified
2. SECURITY CLASSIFICATION AUTHRORITY

3 DiSTRIBUT.ON.  avalagililY CF IEPQRT
Approved for public release;

23, QECLASSIFICATION / DOWNGRADING SCMEDULE distribution unlimited
4 AERFORMING QRGANIZAT.ON REPORT NUMBEA(S) . NMONUTQRING SRCANIWAT-GN AEPGRT N unvisiiy)
83, NAME OF PEAFCAMING ORGANIZATION 80, QFFICE STYME0L 7a. NAME OF VICN.TCARNG SRGANRIZAT.CN

(if appiicabie)
Jtah State University :

gc. ADDRESS (City, Stare, ang 2IP Coae) Th. AODRESS . ((.ry. State. ana LiPCoce)

Oept. AlYS/Toxicology
Utah State University, Logan, UT 84322-1520

3a. NAME OF FUNDING s SPONSCRING Si, CF3CE SYVBOL 3 PRCOCLRAEMENT STRAUMENT DEINT.F-CAT.ON NUMBER
P (

orcanizamoN U.S. Army Medichl of appicasie)
Research & Development Com{nand Contract No. DAMD17-90-C-0108
3c. ADORESS (City, State. anag ZiP Code) '0 SCULARCE CF “UND.NG NUMBESS
. PROGRAM FR0ECT TAIK WORK UNIT
Fort Detrick ELEMENT NO  [NO a5 YO ACCESSION NO.
Frederick, Maryland 21702-5012 630028 [630020807] ap WUDA33539]

11 TITLE (Inctuae Securty Classification)
Preclinical Pharmacology of Antiviral Agents

12. PERSONAL AUTHOR(S)

Roger A. Coulombe, Jr., Ph.D.
13a. TYPE OF REPORT 13b. TIME COVERED 14, DATE CF REPQRT ,rear, Month. Day) |i5. PAGE COUNT

Final FROM 7 /90 70 12/91 12/11/92 22 po.
16. SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Conunue on reverse 1T necessary and identify Dy S10¢k numoer)

SELD GROUP SUB-GROUP Antiviral agents, pharmacokinetics, carnoc;/cj ic 2-deazaadeno-
U6 12 ine, 3-deazaneplanocin, pharmacology, metatolism BD, RAI
06 01

V9. ABSTRACT (Continue on reverse if necessary and identify by block number)

The pharmacokinetics of two novel antiviral agents, carobocyclic 3-deazaadencsine (Cc3Ado)
and 3-deazaneplanocin {3-DA) was investigated in female BAL8/c mice. For the former drug,
there was rapid and extensive tissue distribution, an elimination half-life of 23 anq 38 ming
for i.v. and orally-administered drug, respectively. For 3-DA, an elimination half-life of
26 min was found for iy administered drug. 3-DA was less extensively distributed into ticsue
Cc2Ada was not found to bind to plasma proteins, while 3-DA, at low concentrations of drug
bound extensively. Both compounds were metabolized to labeled products, which have not yet
been identified. For Cc3Ado, one major metabolite eluted later than the parent compaund,

whereas in the case of 3-DA, the major labeled compound eluted earlier than the parent. We
conclude provisionally that these labeled compounds represent metabolic conversion products.
Tissues from mice dosed with either Cc3Ado or 3-DA contained detectable parent drug, but )
the majority of label represented chromatographic peaks other than the parent drug, indicati
that the druqs were siqnificantly metabolized.

20. DISTRIBUTION AVAILABILITY OF ABSTRACT .21, ABSTRACT SECURITY CLASSIFICATION
O uncLassipieounumited O same as RPT [ o7iC USERS Unclassified

22a. NAME OF RESPONSIBLE INDIVIDUAL 22b. TELEPHONE {Include Ares Code) | 22¢. QFFICE SYMBOL
Virginia Miller 301-619~7328 SGRD~-RMI-S

DD Form 1473, JUN 86 Peevigus eqitions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE




TARNTTICUM™
PUESUAPES I Pt

tazicns, conclusicns and reccmmendaticns are
r and are not necessarily endorsed oy the US

copyrighted mat rial is quoted, permission has keen

re e
cbtained to use such material
Where material from decuments designated for limd

distributicn is qucted, ;e:missicn has been cbtained to
material

oh=

T —Titations of commercial organizati
this report do not constitute an officia
endorsement or approval of the preducts
organizations.

ons and trade names in
1 Derartment of Army
or services of these

?5&5:: In conducting research using animals, the investigatcr(s)
adhered to the "Guide for the Care and Use of Laboratory
Animals, " prepared by the Committee on Care and Use of
Laboratory Animals of the Institute of Laboratory Rescurces,
National Research Council (NIH Publication No. 86-23, Revised
1985) .

For the protection of human subjects, the investigator(s)
adhered to policies of applicable Federal Law 45 CFR 46.

In conducting research utilizing recombinant DNA
technology, the investigator(s) adhered to current guidelines
promulgated by the National Institutes of Health.

Y
. Q’%ﬁi?:réziﬁxuzﬁa_,_ .
> v PI - Signature

DATE ‘_A‘c-c_esvon For
L

e

l’

NTIS CRA&I a
B

&

DHC TaB
Uliannng eg
JUS'F?‘(; ati
e ol -~
By

Uit :bL ho !l

S

Aumloomty Codes

At e it et e

JAVuiqrd]or
Dt spheciat




TABLE OF CONTENTS:

INTRODUCTION. ..o
BODY: MATERIALS AND METHODS.....................
BODY: RESULTS. ...,

CONCLUSIONS. ...

REFERENCES..........oc i,

ADDITIONAL DOCUMENT
(Biblography, Contract Personnel)...............
APPENDIX e




INTRODUCTION

Carbocyclic 3-deazaadenosine and 3-deazaneplanocin A (Cc3Ado.  3-DA,
APPENDIX Figure 1) are antiviral agents with broad activity against a variety of DNA and
RNA viruses. Little is known of the antiviral activities of 3-DA. The parent compcound of
Cc3Ado, 3-deazaadenosine has similar antiviral activities, but exhibits less selectivity and
greater toxicity (DeClercq and Montgomery, 1983). The in wvitro replication of a number of
viruses, such as vaccina, reo, measies, parainfluenza and vesicular stomatitis was shown
to be inhibited by Cc3Ado in vitro (De Clercq and Montgomery, 1983). In addition, Cc3Ado
at 20-500 ng increased survival rates in newborn mice treated with lethal doses of vesicular
stomatitis virus (De Clercq and Montgomery, 1983).

In another study, Cc3Ado markedly inhibited parainfluenza type 3 (PIV3) and
respiratory syncytial (RSV) virus infections in HEp2 cells in vitro (Wyde et al. 1820). Cotton
rats experimentally infected with RSV or PIV3 then treated with > 1 mg/kg/day Cc3Ado had
markedly lower virus titers than did controls (Wyde et al. 1892). In both of these studies,
Cc3Ado exhibited little host toxicity in vivo and in vitro. Little has been published on the
antiviral effects of 3-DA.

The antiviral effects of Cc3Ado and 3-DA probably arises from its inhibition of S-
adenosyl-L-homocysteine hydrolase (EC 3.3.1.1), which catalyzes the reversible hydrolysis
of S-adenosyl-L-homocysteine (SAH; AdoHcy) to adenosine and he nocysteine (Chiang, et
al. 1977, Montgomery et al., 1982; De Clercq, 1987, and refer.nces therein). When this
enzyme is inhibited, SAH accumulates in cells, which leads to a perturbation of methylation
reactions. Accordingly, addition of homocysteine markedly potentiates the antitumor and
antiviral activity of Cc3Ado in vitro, presumably by ir.reasing intercellular levels of SAH (De
Clercq ef al. 1989). An additional, aithough reportedly less important mechanism of the
antiviral activity of Cc3Ado and its congeners, is their ability to perturb intracellular

concentrations of inosine and adenine riucleotides (Bennett et al. 1988).
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A necessary prerequisite for exploring possible clinical apphcaticns for these drugs
is to study its pharmacckinetic behavicr in appropriate animal mcdels In this study we
characterized the absorption, dis'r.oution and eliminaticn of these related drugs in female
BALB/c mice. To our kncwiedge, this is the first investigation into the pharmacorinetc fata

of these novel artiviral agents.




BODY: MATERIALS AND METHODS

Animals. Female BALB/c mice (approximately 18 g) were purchased from Simonsen
Laboratories (Gilroy, CA) and housed in polycarbonate cages with corn cob bedding. The
AAALAC-accredited facility operated on a 12 hr light-dark cycle, and animals were allowed
free access to water and food (Wayne Lab Blox). Care and use of the animals adhered to
the "Guide for the Care and Use of Laboratory Animals," prepared by the Committee on
Care and Use of Laboratory Animals of the Institute of Laboratory Animal Resources,

National Research Council (NIH Publication No. 86-23, Revised 1985).

Chemicals. Cc3Ado was kindly supplied by Dr. John Montgomery, Southern Research
Institute, Birmingham, AL, and 3-DA was supplied by Dr. John Driscoll, National Cancer
Institute. Both were tritium labeled by Moravek Biochemicals (Brea, CA). Radiochemical
purity of the final products were greater than 98% as assessed by HPLC. S1Chromate was
purchased from Dupont NEN, Boston, MA. Labeled Cc3Ado was added to unlabeled
Cc3Ado to achieve the desired specific activity, whereas labeled 3-DA was not diluted with

unlabeled drug. For the final dose, the compounds were prepared in sterile saline.

Treatments and Sample collection. Animals were dosed (Cc3Ado: 10 mg/kg in 100 pl
saline; 10uCi; 3-DA: 0.1 mg/kg; 10uCi) either infravenously (iv) via tail vein, or orally using
an 18 ga. feeding needle. In the case of Cc3Ado, this was within the therapeutic dose
range in cotton rats against experimental RSV and PIV3 infections (Wyde et a/. 1990).
Blood and tissue samples were collected at selected intervals for up to 72 hr. Blood was
sampled from the retro-orbtial sinus using heparinized 70 pl capillary tubes, and was then
stored at 4°C until the plasma was separated by centrifugation. Animals were lightly
anesthetized by halothane to facilitate blood collection. The recovered plasma, generally

25-35 pl, was added to a microfuge tube containing 25 ul 2 M HCIO4. Animals were divided




into six groups of 4 animals each, and 3-4 samples were taken from each animal. Twenty-
five ul HoO was added to the sample, and the mixture was then mixed and centrifuged 10
min at 5000 x g. In the case of tissue, the tissue was homogenized in an equal volume of
saline (Tissue tearor, BioSpec Products, Inc., Bartlesville, OK) before adding the
perchlorate. This mixture was then centrifuged, and to 55 ul of the supernatant was added
0.1 M NaHPOy4, pH 10.6 (to approximately pH 4) and the mixture was then filtered through
a 0.2 um pore cellulose filter (RC-58 Bioanalytical Systems, West Lafayette, IN). Generally,
about 80 ul was injected directly into the HPLC.

Analytical. Concentrations of Cc3Ado were determined using a modification of the HPLC
method of Montgomery et al. (1982). Separations were made on a Beckman System Gold
HPLC (Beckman, Fullerton, CA) equipped with a model 126 pump, and a mode! 506a
refrigerated autosampler which was set at 4 °C. The column used was a Keystone #305
ODS/A C4g 5 um particle size reversed-phase column (Keystone Scientific, Bellafonte,
PA), that was was kept at 35 °C with a Beckman model 235 column heater. Cc3Ado was
eluted with the following linear gradient program. From 0-13 min, a solvent mixture of 10
mM sodium phosphate, pH 4.5; acetonitrile (96:4) was pumped at 0.75 ml min.-1 From 13-
18 min, the flow rate was increased to 1.0 m! min-! and the acetonitrile linearly increased
from 4 to 60%. From 18-22 min, the flow rate returned to 0.75 ml min-1 by 22 min, and the
acetonitrile concentration decreased from 60 to 4%. At 30 min, the run ended.

3-DA was separated using the above described HPLC instruments with the
exception that the column was an Alltech Nucleosit C1g Sum column. The solvent system
was the following. Solvent A, which was an isacratic mixture of 4% acetonitrife, 96% of 1%
acetic acid, was adjusted to pH 4.6 with ammonium hydroxide. Parent 3-DA and all
metabolites eluted by 15 min using solvent A. At 15 min, a column wash program began

using solvent B, which consisted of increasing 100% acetonitrile to 96% over 5 min, held




for 4 min, then returned to 4% over 8 min. The system was equilibrated to solvent A for 10
min prior to injection of the next sample.

Elution of Cc3Ado and 3-DA were monitored both by uv absorbance at 263 nm
(Beckman model 166 programmable uv detector) and by in-line radiochemical detection
(Beta-One, Radiomatic, Inc. Meriden, CT). Preliminary experiments were conducted to
determine recovery and stability of parent Cc3Ado in blood and tissues at a range of
concentrations routinely encountered in dosed animals (13 ng/ml to 50 pug/ml). In this
concentration range, the average recovery of Cc3Ado was 101.6% + 2.8, that of 3-DA was
97.5% + 4.56. Both drugs were stable for at least 8 hr at 37 °C in tissues or in plasma.

Tissue concentrations of drug were calculated from the specific activity of the
labeled drug, taking into consideration the degree of vascularization in each tissue as
determined in a preliminary experiment: Briefly, 1.0 m! blood was collected from the
heart/posterior vena cava of female BALB/c mice (approximately 18 g) and incubated with
500 uCi of sodium S1chromate (50 uCi /0.1 mi blood) at 37 °C for 30 min. Ascorbate (2.5
mg) was added to prevent further tagging. Erythrocytes were separated by centrifugation,
washed twice and reconstituted to original hematocrit. These cells were then injected iv
(0.1 mi/mouse), and the mice were sacrificed after 30 min by CO2 asphyxiation. Blood was
collected as above, and the contents of the capillary tubes were placed in scintillation vials
and weighed. To this was added 1 m! of 1:1 Soluene 350 (Packard, Downers Grove, IL):
isopropanol, and incubated at 40 °C for 40 min and then 0.5 m! of 0.5% HCIO4 was added
dropwise while swirling the sample. The samples were digested 30 min at 25 °C, then 15
min at 40°C then overnight at 25°C. Tissues were removed, blotted, weighed and 0.1-0.3 g
portions were placed in scintillation vials with 1 mi of Soluene 350 and incubated at 40 °C
overnight. To all samples was added 2.5 ml of Hionic-Fluor (Packard) before counting
(Packard Model 1900). The amount of drug contained in blood in each tissue, based on

blood volume x drug concentration in blood at that time point, was subtracted from the total




concentration of Cc3Ado in the tissues. The resulting value was then adjusted for the non-
perfused tissue mass.

Protein binding determinations were carried out by partially ultrafiltering (RC-58
filters, Bioanalytical Systems, West Lafayette, IN) mouse blood to which eight
concentrations of [3H] Cc3Ado within the range of 16-2000 pmol were added in vitro.
Samples were centrifuged and activity of filtrate as well as that in unfiltered sample was
measured. Unbound drug was quantitated in the filtrate by scintillation counting (Model

3801, Beckman, Fullerton, CA).

Data Analysis. Pharmacokinetic parameters were estimated with the assistance of
PCNONLIN (SCI Software, Lexington, KY). The data were assigned to the most appropriate

model by best-fit of the weighted sums of squared errors as estimated by the F test.




BODY: RESULTS

All tables and figures appear in the APPENDIX. The mean blood volume in various
tissues in BALB/c mice are presented in Table 1. In the BALB/c mouse, the kidney was the
tissue with the highest mean blood volume (43%), fcilowed by the lung (29%), spleen
(24%) and liver (14%). Other tissues examined, such as brain, fat, heart, small intestine,
stomach and thymus, had lower blood volumes. These values, together “vitn the 3H activity
of blood at that time point, were then used as a correction factor to determine absolute drug
concentration in the various tissues.

A sample chromatogram of the both drugs are presented in Figures 2 and 3. As can
be seen, the retention time for Cc3Ado was approximately 13 min; that of 3-DA was 9 min.
From 50 to 2000 ng/ml, the uv response for both drugs was linear (r2 = 0.9995) but coupled
with radiochemical detection, the lower limit of quantitation was in the femtomolar range. In
the range 15-2000 pM Cc3Ado added to mouse blood, there was no binding to plasma
proteins detected. For 3-DA, there was signficant binding to plasma proteins in the range of
10-150 ng/ml, but was iess the concentrations greater than 200 ng/mi (Figure 4).

Plasma concentration vs time curves for both oral and intravenous Cc3Ado are
presented in Figure 5. The plasma concentration vs time curves for both iv and oral
Cc3Ado was best approximated by a two-compartment open model with first-order
elimination. The half-life following iv administration was 23 min, while that for oral Cc3Ado
was 38 min (Table 2). The plasma concentration of orally administered Cc3Ado reachad a
maximum at 24 min. On the basis of area-under-curve calculations, oral Cc3Ado was
approximately 20% bioavailable compared to iv Cc3Ado. The steady state volume of
distribution was 7.5 mi for iv Cc3Ado (Table 2).

Figure 6 shows that plasma concentration vs time curves for 3-DA. As with Cc3Ado,

the data best approximated a two-compartment open model with first-order elimination. The




half life of iv 3-DA was approximately 26 min (Table 3). Data for oral 3-DA was ton variable
to allow for reliable calculations of pharmacokinetic parameters or bioavialability.

The decline in the concentration of parent Cc3Ado and 3-DA in the plasma were
coupled with the concomitant increase of a major and at least one minor labeled peak
(Figures 7 and 8). For Cc3Ado, the major peak, which we presume represents a major
labeled metabolite, eluted 2 min after Cc3Ado, and reached a maximum concentration
approximately 45 min after iv dosing. The major 3-DA metabolite emerged from the column
at approximately 5 min.

By either route, Cc3Ado distributed into a variety of tissues. Tissue concentrations of
Cc3Ado reached their maximum by 30 min following oral administration, while following iv
dosing, the drug generally reached its maximum by 120 min. In orally dosed animals, the
drug concentration in the stomach was greatest shortly after dosing and declined
thereafter. By either route, the highest Cc3Ado concentrations were fcund in the liver,
followed by kidney, spleen and lung, stomach then brain (Table 4 and 5) By 24 hr, all
tissues contained a similar amount of drug. In most cases, the tissue concentration of
Cc3Ado declined over time.

Compared to Cc3Ado, 3-DA was only poorly distributed into tissues (Tables 6 and
7).




CONCLUSIONS AND DISCUSSION

Carbocyclic-3-deazaadenosine and 3-DA are compounds with antiviral activity that
presumably act via inhibition of S-adenosyl-L-homocysteine hydrolase. Knowledge of the
fate and metabolism of Cc3Ado in an appropriate animal model is a requisite step in the
development of this compound as a chemotherapeutic agent for human diseases. With that
in mind, we characterized the distribution and pharmacokinetics of these drugs in the
mouse, a popular model for antiviral studies. To our knowledge, this is the first investigation
of the pharmacokinetic behavior of these drugs.

Carbocyclic-3-deazaadenosine was rapidly distributed and eliminated from the
plasma, and the plasma concentration vs time curve exhibited triexponential character.
Many of the principal pharmacokinetic parameters of Cc3Ado were similar to those of other
nucleoside analogues. For example, the half-life of iv Cc3Ado was about half that in mice
for 50 mg/kg iv AZT (Doshi et al. 1989). The 20% bioavailability of oral Cc3Ado we
observed in this study was in the range of many anti-HIV drugs. In the mouse, the oral
bicavailability of 2',.3'-dideoxyadenosine and 2',3'-dideoxyinosine were 38% and 13%,
respectively (Russel and Klunk, 1988). In the rat, the oral bioavailability of 2'3'-
dideoxyinosine was 1 to 9% of the oral dose of 25 mg/kg (Ray et al. 1990). in mice, only
3.8% of the ora! dose of 500 mg/kg of carbovir was bioavailable (E! Dareer 1990). In our
study, the bioavailability of Cc3Ado was probably reduced by incomplete absorption from
the gut, and/or by rapid first-pass metabolism in tissues such as the liver or gut. In any
event, oral administration of Cc3Ado may be an acceptable route of administration of this
drug to achieve therapeutic concentrations.

Following either oral or iv administration, Cc3Ado distributed into a variety of
tissues. In fact, at the early time intervals following oral administratior, some tissues
contained a greater concentration of Cc3Ado than plasma. With some exceptions, the liver

contained the highest concentrations of Cc3Ado over the time course examined. In iv
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dosed mice, the kidney contained the next highest drug concentration. This probably was
due to renal excretion of this drug, although no examination of routes of excretion of
Cc3Ado was made. Interestingly, in orally dosed animals, the kidney contained much less
drug concentration than in those receiving the drug iv. That 3-DA was distributed in tissues
to a lesser degree was undoubtedly due to the lower dose administered (0.1 vs 10 mg/kg)
and also due to it's ability to bind to plasma proteins.

Although Cc3Ado is of potential use against respiratory viruses such as RSV and
PIV3 (Wyde et al. 1990), very little of this drug distributed into the lungs. By either route of
administration, the brain conts ned the lowest amounts of drug of any tissue.

Drug concentrations in residual tissue blood has been identified as an often-
negiected source of error in conventional and physiological pharmacokinetic modeling
(Khor 1991). We therefore sought to measure the amount of residual blood in each tissue
sampled to allow for a measurement of the absolute drug concentration in each tissue. With
the exception of the kidney, where we reported a higher blood volume, the values obtained
for mean blood volumes in the mouse were close to that published for the rat (Tsuji et al.
1983). It is possible that the high blood volume in the kidney may have been caused by an
accumulation of radioactive chromium which might occur following lysis of injected
erythrocytes. In such as case, Cc3Ado 3-DA concentrations in the kidney would be actually
higher than that reported here. In any event, the values from our determinations may be of
use to other laboratories involved in pharmacokinetic analysis intent on precise
measurements of tissue druy concentrations in this species.

We interpret the presence of a major labeled peak in the plasma of dosed animals to
represent metabolites of Cc3Ado and 3-DA. In the plasma, these peaks increased
concomitantly with the decrease in the concentration of the parent compound for the first 45
min after dosing. Future studies should include an identification of these metabolites to

confirm their identity as drug metabolites.
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Our data indicated that both drugs were rapidly metabolized in the various tissues
we examined. Using in-line flow detection, we were able to monitor the relative contribution
of both parent and labeled metabalites to the overall tissue concentration of drug. In many
cases, the majority of tissue activity were from labeled peaks not corresponding to parent
drug. Thus, this drug was likely converted to a variety of labeled products in tissues. For
example, 30 min after oral administration, nearly 80% of the activity in the liver and kidney
were from chromatographic peaks other than Cc3Ado or 3-DA.

In this initial investigation, the pharmacokinetics of a single dose of the related drugs
Cc3Ado 3-DA were characterized. The dose chosen for Cc3Ado was within the range
shown in previous studies to have antiviral activity in vivo (DeClercq and Montgomery,
1983; Wyde et al. 1990). The for 3-DA was chosen by consultation with Dr. John Huggins,
USAMRIID. Future investigations on the fate of these related adensine drugs might include
a focus on the potential dose-dependency of the pharmacokinetics as well as a
characterization of the pharmacokinetic behavior of this drug in other animal species. Had
the contract not been prematurely terminated, the firm identity of the Cc3Ado and 3-DA

metabolites might also have been determined.
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Table 1. Mean blood volumes in selected tissues in BALB,/ ¢ mice!

ORGAN MEAN BLOOD.
VOLUME (%) |
Brain 2.60 (= 0.42)
Fat 5.02 (£ 1.49)
Heart 11.53 (£ 1.94)
Kidney 43.39 (= 16.92)
Liver 14.02 (+ 2.32)
Lung 29.43 (+ 2.43)
Muscle® 3.73 (= 1.07)
Small Intestine 4.36 (+ 1.39)
Spleen 24.86 (+ 1.22)
Stomach 9.14 (+ 4.95)
Thymus 13.12 (+ 3.48)

lvalues represent mean percentage of blood in tissue (w/w) = SEM of six mice

2skeletal leg muscle




Table 2. Estimates of pharmacokinetic pharmacokinetic parameters cf iv and
orally administered Cc3Ado in BALB/c mice.!

Parameter l.v. orai !
t1/2 (min) 23.0 (+ 3.24) 38.5 (= 10.2)
AUC (ugemin mi-1)2 | 381.15 (+ 23.18) | 78.52 (= 16.76)
tmax (min) -- 24.68 (+ 2.01)
Cis (mikg 'min-1)3] 26.23 (= 1.70) N/A>

Kqo (min) 0.116 {+ 0.041) | 0.003 (= 0.001)
Koq (min) 0.134 (- 0.040) | 0.019 (+ 0.009)
vd (ml)% 7.532 (+ 0.682) N/A
Cmax (1g/mi) 24.427 (- 2.214) | 1.034 (= 0.060)

1 values represent mean & S.D.) of 3-4 mice at each time interval.
2 Area-under-curve calculated by the trapezoidal rule

3 systemic clearance from the equation Cls = D/AUC

4volume of distribution of the central compartment

S N/A = not applicable due to incomplete drug absorption

Table 3. Estimates of pharmacokinetic pharn.acokinetic parameters of iv and
orally administered 3-DA in BALB/c mice. 1

Parameter i.v. oral
t1/2 (min) 26.0 (+ 37.27) N/A
AUC (ugemin mi-12 | 3.37 (¢ 1.20) N/A
tmax (min) - N/A
K1o (min-") 0.364 (+ 0.255) N/A
Koq (min 1) 0.0405 (*+ 0.046) N/A
vd (mh# 741.42 (+ 84.52) N/A
Cmax (g/mi) 2.42 (£ 0.277) N/A

1 values represent mean ( S.D.) of 3-4 mice at each time interval.
2 Area-under-curve calculated by the trapezoidal rule

3 systemic clearance from the equation Cis = D/AUC

4volume of distribution of the central compartment

S N/A = not applicable due to variability of drug concentration data




Table 4. Tissue distribution of Cc3Ado in BALB, ¢ mice following iv administraticn’t

Time After Dosing

! Tissue 30 min 120 min | 24 hr
Heart 0.32:0.132 (24.0)3| 0.55- 0.18 (38.8) | 0.05 = 0.00 (12.2)
Lung 0.15-0.09 (56.8) |0.45=0.13(44.9) | 0.01=0.00 (3.8)
Stomach 0.60+ 0.08(32.7) 10.50+=0.14(51.9) | 0.07=0.01(24.0)
Spleen 226=0.53(42.7) |0.70-0.20(31.3) |0.10=0.01(19.2)
Kidney 3.69-0.93(34.1) |044+0.24(13.1) | 0.04=0.00 (7.8)
Liver 481+112(221) |141-051(14.7) | 0.17=-0.03 (10.1)
Brain 0.02+0.01 (25.8) | 0.07-0.04 (28.0) | 0.05-0.01(33.7)

Tanimals were given a single dose of 10 mg/kg Cc3Ado
2 each value is the mean ng Cc3Ado/g tissue = S.E. of four animals
3 values in parentheses are the percentage of total activity present as parent Cc3Ado

Table 5. Tissue distribution of Cc3Ado in BALB/c mice following oral administraticn

Time After Dosing
Tissue 30 min 120 min 24 hr
Heart 0.31+0.162 (23.6)3| 0.28+0.08 (13.8) | 0.07= 0.CO (10.6)
Lung 0.49+ 0.15 (34.4) 0.46=0.13(23.7) | 0.08=0.01(18.6)
Stomach 5.99 + 3.90 (100) 0.57+0.17(31.3) | 0.06= 0.00 (23.1)
Spleen 6.48 = 2.94 (23.6) 1.63+ 0.47 (29.2) | 0.14=0.02 (21.1)
Kidney 0.99+ 0.47 (18.8) 1.38+ 0.41 (20.7) | 0.04=0.C0 (6.9)
Liver 3.83+ 1.31 (18.4) 5.40+ 1.66 (26.5) | 0.14=0.01 (14.8)
Brain 3.15+ 1.67 (11.8) 0.02= 0.01(7.9) ND?% (1.4)

animals were given a single dose of 10 mg/kg Cc3Ado
2 gach value is the mean g Cc3Ado/g tissue + S.E. of four animals
3 values in parentheses are the percentage of total activity present as parent Cc3Ado

4 not detected




Table 6. Tissue distribution of 3-DA in BALB/c mice following iv administraticn!

Time After Dosing
| Tissue 30 min 120 min | 24 hr
Heart 0.06 = 0.002(24.0)3 | 0.05= 0.0 (38.8) | 0.05-0.00(12.2)
Lung 0.08-0.01(56.8) |0.08=0.01(44.9) |0.06=0.C0(3.8)
Stomach 0.07:001(327) [007+0.00(51.9) |0.04=0.00(24.0)
Spleen 0.07=0.01(42.7) |010=-001(31.3) 10.10=0.01(19.2)
Kidney 0.93+=0.09 (34.1) | 0.80+0.07 (13.1) 56 = 0.06 (7.8)
Liver 0.44~0.04 (22.1) | 0.52+0.03(14.7) | 0.13=0.03 (10.1)
Brain 0.00+ 0.00 (25.8) | 0.00* 0.00 (28.0) | 0.00+ 0.00 (33.7)

1 animals were given a single dose of 0.1 mg/kg 3-DA
2 each value is the meanug 3-DA/g tissue + S.E. of four animals
3 values in parentheses are the percentage of total activity present

as parent 3-DA

Table 7. Tissue distribution of 3-DA in BALB/c mice following oral dministration!

Time After Dosing

Tissue 30 min 120 min 24 hr

Heart 0.00+ 0.002(23.6)3 | 0.01+0.00 (13.8) | 0.00= .00 (10.6)
Lung 0.01+ 0.00 (34.4) 0.02+0.01(23.7) | 0.02=0.01(18.6)
Stomach 0.24+ 0.05 (100) 0.02+0.01(31.3) | 0.01-0.00(23.1)
Spleen 0.01+ 0.00 (23.6) 0.01+0.00 (29.2) | 0.02=0.01 (21.1)
Kidney 0.03+ 0.01 (18.8) 0.07+0.02(20.7) | 0.03=0.01(6.9)
Liver 0.30+ 0.05 (18.4) 0.58+ 0.09 (26.5) | 0.26= 0.08 (14.8)
Brain 0.00+ 0.00 (11.8) 0.00+0.00 (7.9) | 0.00=0.00 (1.4)

1 animals were given a single dose of 0.1 mg/kg 3-DA
2 each value is the mean 1tg 3-DA/g tissue + S.E. of four animals
3 values in parentheses are the percentage of total activity present

as parent 3-DA




FIGURE LEGENDS

Figure 1. Chemica! structures of Cc3Ado and 3-DA.

Figure 2. Sample chromatogram of [3H]Cc3Ado simultanecusly detected by
absorbance at 263 nm and by in-line radiometric detection. Chromatographic
conditions were as described in Materials and Methods.

Figure 3. Sample chromatogram of [3H] 3-DA simultaneously detected by absorbance
at 263 nm and by in-line radiometric detection. Chromatographic conditions weie as
described in Materials and Methods.

Figure 4. Binding of 3-DA to plasma proteins in vitro. The ultrafiltration method to
determine protein binding is described in Materials and Methods.

Figure 5. Pharmacokinetic profile of 10 mg/kg intravenous and oral Cc3Ado in BALB/c
mice. Each data point is the mean of 3-4 animals.

Figure 6. Pharmacokinetic profile of 0.1 mg/kg intravenous and oral 3-DA in BALB/c
mice. Each data point is the mean of 3-4 animals.

Figure 7. Time-related disappearance of parent Cc3Ado and appearance of major
labeled Cc3Ado metabolite in plasma taken from mice dosed with 10 mg/kg Cc3Ado iv.

Figure 8. Time-related disappearance of parent Cc3Ado and appearance of major
labeled 3-DA metabolite in plasma taken from mice dosed with 0.1 mg/kg 3-DA iv.
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