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ABSTRACT

10-Ethyl-lO-deazaaminopterin (10-EdAM) is an antifolate compound

with greater therapeutic activity than methotrexate against transplanted
tumors in mice. When given weekly for 3 weeks, the 10% lethal dose in
rats was 125 mg/kg (i.p.) and in dogs it was 2.5 mg/kg (i.v.). The major
histopathological findings in intoxicated animals were damage to the
mucosa of the gastrointestinal tract in rats and dogs and hypocellularity
of the marrow in rats. The elimination of 50 mg/kg of 10-EdAM from

the plasma of rats was triexponential with a terminal phase t,, of 18.5 h
but a mean residence time of 0.7 h. The primary route of elimination in
rats was biliary secretion of parent compound and eventual excretion of
the parent compound and the deglutamate metabolite in the feces; the 7-

hydroxy metabolite was also present in plasma, bile, and feces. Biliary
elimination was independent of dose over a 5-fold range. The elimination
of 10-EdAM from the plasma of dogs was also triexponential with a
mean terminal phase /., of 9.1 h and a mean residence time of 2.5 h;
nonrenal clearance was the primary route of elimination. The pharma-

cokinetic parameters were independent of dose over the range of 0.25 to
5.0 mg/kg. High tissue concentrations of 10-EdAM were observed ini

tially in liver, kidney, and small intestine of rats, while concentrations in
bone marrow were low. Some polyglutamate formation was observed in
these tissues as early as 0.5 h after drug administration but declined over

72 h.

INTRODUCTION

Many structural analogues of folie acid have been evaluated
for the therapy of cancer since 1947, but only MTX3 has proven

clinically useful (1). Recent studies of the kinetics of the mem
brane bound folate transport system responsible for entry of
MTX into cells and of the biochemistry of MTX polyglutamate
formation have provided insight into the selectivity of this drug
for neoplastic cells (2-5). Importantly, there is now evidence
for a difference in both membrane transport and in polygluta-
niylai ion of MTX between sensitive tumor cell lines and normal
proliferating cells (6, 7). These differences in membrane trans
port and in polyglutamylation appear to favor greater accumu
lation of MTX as MTX polyglutamates in sensitive tumor cell
lines when compared with normal proliferating tissues.

Recently, DeGraw et al. (8) have synthesized a series of 10-
alkyl-10-deazaaminopterins which are transported more effi-
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ciently into sensitive murine tumor cells than into normal
murine proliferative cells when compared with MTX (9). Al
though 10-dAM was the first to enter clinical trials (10), a
newer analogue, 10-EdAM, is more effective than 10-dAM or
MTX against transplanted murine tumors and against human
tumor xenografts in athymic mice (11, 12). The greater thera
peutic effectiveness of 10-EdAM was due to greater accumula
tion in tumor cells compared with MTX or 10-dAM, whereas
uptake into normal cells was lower (9). Higher concentrations
of polyglutamates were found in many tumor cell lines after
exposure to 10-EdAM compared with MTX, whereas lower
concentrations of 10-EdAM polyglutamates were found in nor
mal proliferating cells (9). Based on these favorable in vitro and
in vivo data, 10-EdAM was selected for further toxicological
and pharmacological study in rats and dogs.

MATERIALS AND METHODS

Chemicals and Radiochemicals. 10-EdAM, anhydrous molecular
weight of 467, was synthesized as described previously (8) and was
98.4% pure by spectral determination. [3,5,9-3H]-10-EdAMwas ob
tained from Moravek Biochemicals, Brea, CA. After purification by
HPLC, the specific activity was 7.0 Ci/mmol and the radiochemical
purity was 97.5%. The Chromatographie standards, 10-PdAM and
DGL-10-EdAM, were synthesized by Dr. Joseph I. DeGraw. 7-OH-10-
EdAM was synthesized enzymatically by rabbit liver aldehyde oxidase
according to the method of Johns and Loo (13). 10-EdAM with 1, 2,
and 3 additional glutamate residues was supplied by M. G. Nair of the
University of South Alabama, Mobile, AL.4

Experimental Animals. The animals used for the toxicity and phar
macological studies were male CD rats (Charles River Breeding Labo
ratories, Wilmington, MA) and adult mongrel dogs (Quaker Farm
Kennels, Quakertown, PA). The dogs were received as conditioned
animals that had been immunized against distemper, hepatitis, and
leptospirosis, had been found free of intestinal parasites by stool ex
amination, and had been treated to remove ectoparasites.

All animals were maintained in air-conditioned quarters with con
trolled temperature and humidity; lighting of rooms cycled regularly
between 12 h of "day" and 12 h of "night." Rats were received when 3

weeks old. They were observed for 2 to 3 weeks before study and were
used only if their growth matched laboratory standards for weight gain.
Dogs were observed at least 3 to 4 weeks before use, during which
period they were weighed and examined at regular intervals to assure
health.

ToxicologyStudies. IMAMwas administered weeklyfor 3 weeks i.p.
to rats and weeklyfor 3 weeksi.v. to dogs. The dose ranges tested were:
for rats, 25 to 400 mg/kg/week, and for dogs, 1.25 to 10 mg/kg/week.
Dose escalation was by doubling. Rats were randomly assigned to
treatment and control groups; 10 rats and 3 dogs were used at each
dose level.

The amount of drug weighed was corrected for purity and dissolved
in isotonic sodium chloride USP by addition of 2 molar equivalents of
l N NaOH; the pH of this solution was between 7 and 8. Solutions
were used after filtration through a sterile 0.22-Â»/mfilter. Injections in
rats were in the constant volume of 0.01 ml/g of body weight.

4The synthesis was supported in part by National Cancer Institute Grant CA

32687.
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TOXICOLOGY AND PHARMACOLOGY OF 10-EdAM

When under study, rats and dogs were weighed daily during injection
periods and for at least 1 week after injection or until all signs of
toxicity had resolved. Thereafter, they were weighed at least once per
week until 4 weeks after the final injection. All animals were watched
closely for signs of acute or chronic changes in behavior, posture, and
locomotor activity. Stools were examined for evidence of diarrhea and/
or blood. Additionally, the following daily measurements were carried
out with dogs: body weight, anal temperature, food and water con
sumption, and urine volume, specific gravity, and protein content. At
intervals before and during experiments, venous blood samples were
obtained from unanesthetized dogs for hematological and biochemical
experiments. The LD|0 for each species was estimated by the median
effect equation (14).

Autopsies were performed on 5 intoxicated rats and 3 intoxicated
dogs approximately 96 h after the second or third dose of 10-EdAM.
Samples of the following organs were examined microscopically: buccal
mucosa, salivary gland, cervical and mesenteric lymph nodes, spleen,
marrow, thymus, trachea, thyroid, myocardium, lungs, gastric and
duodenal mucosa, ileum, pancreas, adrenals, kidneys, bladder mucosa,
prostate, spleen, liver, colonie mucosa, testis and seminal vesicles, and
skeletal muscle.

Elimination and Metabolism Studies. Plasma concentration of 10-
EdAM and metabolites were measured in rats at different times over
72 h after bolus i.v. injection of 50 mg/kg. The drug was injected into
the femoral veins of anesthetized rats through small incisions which
were closed with metal clips. Plasma was obtained from blood drawn
from the dorsal aorta of animals under ether anesthesia.

The urinary and fecal elimination of [3H]-10-EdAM and metabolites

over 72 h was measured in rats placed individually in metabolism cages
without food but provided with a drinking solution of 0.3% NaCl in
5% dextrose. Urine and feces were collected in iced containers in 24-h
aliquots. Homogenates of the fecal collections (10:1, v/w) were prepared
in PBS using a Polytron (Brinkmann Instruments, Westbury, NY).

Biliary excretion of 10-EdAM was studied after insertion of plastic
catheters into the common bile ducts of rats anesthetized with pento-
barbital sodium. About l h after insertion of the catheter, when bile
was flowing freely, the animals were given injections i.v. and bile was
collected continuously in 1-h aliquots for up to 4 h thereafter.

The plasma elimination and renal clearance of 10-EdAM and metab
olites was measured over 72 h in individual dogs receiving 0.25,1.0, or
5.0 mg/kg of 10-EdAM by i.v. bolus injection. Animals were maintained
in metabolism cages where they were permitted free access to food and
water. Dog plasma was obtained from blood sampled from brachial
veins through an indwelling catheter and heparin lock; urine was
collected into iced containers in 24-h aliquots.

Binding to rat and canine plasma protein was measured at concen
trations of 10, 100, and 1000 nM 10-EdAM by ultrafiltration using a
M, 25,000 exclusion filter (Amicon Co., Danvers, MA).

Distribution of |'H|-III-KdAM Radioactivity into Rat Tissues. The

distribution of radioactivity into rat tissues was determined after admin
istration of 10 mg (165 fiCi/kg) [3H]-10-EdAM i.v. The percentage of
total drug in tissues that was accounted for by metabolites and by 10-
EdAM polyglutamates was measured after i.v. injection of 50 mg/kg
of 10-EdAM. After sacrifice, organs were removed, minced in ice-cold
PBS, pH 7.5, then rinsed and weighed. The intestines were first opened
lengthwise and rinsed three times in ice-cold PBS to remove intralu-
minal contents. Bone marrow was collected by forcing 0.5 ml of ice-

cold PBS through each femoral shaft.
Homogenates (3:1, v/w) were prepared in ice-cold PBS using a

Polytron, then centrifuged at 17,000 x g for 15 min. The pellets were
homogenized twice more using the same volumes of buffer, and the
supernatants were pooled. The recovery of radioactivity was >98%; this
was confirmed by measuring the radioactivity in the residual pellets
after incubation at 40'C with l N NaOH for 24 h.

Formation of 10-EdAM Polyglutamates in Rat Tissues. The concen
trations of 10-EdAM and 10-EdAM polyglutamates in rat tissues were
measured after i.v. injection of 50 mg/kg of 10-EdAM. After sacrifice,
organs were removed as described above. Homogenates (3:1, v/w) were
prepared in ice-cold PBS and boiled at 100"C for 15 min, as described

by Krakower and Kamen in their study of in vivo MTX polyglutamate
formation in rat tissues (15).

Chromatograph)'. 10-EdAM and its metabolites were extracted from

samples of plasma, urine, and bile and from homogenates of tissue and
feces by elution from bonded phase extraction columns (Waters Asso
ciates, Milford, MA), as described previously (6). Polyglutamate deriv
atives of 10-EdAM were also extracted from tissue homogenates using
this method (16). An internal standard, 10 I'd AM, was added to each
sample prior to extraction. The recovery of 10-EdAM and the internal
standard was 100 Â±5%.

The compounds were measured by high pressure liquid chromatog-
raphy (HPLC) and a fluorescence detector as described previously (16),
except that 0.1 M ammonium formate was used as the mobile phase
buffer. Fig. 1 shows a chromatogram of known standards. The linear
range for the assay is 1-100 nM for the known standards with a
coefficient of variation of <7%.

Measurement of Radioactivity. Radioactivity was measured in a Pack
ard Tri-Carb Model 3775 liquid scintillation spectrophotometer using
Liquiscint scintillation fluid (National Diagnostics, Somerville, NJ).
Counting efficiencies were determined for each sample by addition of
an internal standard, 'H:( ) (New England Nuclear, Boston, MA), to a

duplicate sample.
Pharmacokinetic Calculations. The plasma concentration (i ') versus

time (t) data were fit to the equation

C,

using NONLIN 84 (Statistical Consultants Inc., Lexington, KY), an
iteratively reweighted nonlinear least squares regression program (17).
The method of residuals was used to select the number of exponential
terms which best fit the concentration versus time data (18). The
elimination half-lives were calculated from the equation

In 2

The area under the concentration versus time curve from time of
administration to infinity (AUCoâ€”) was calculated from

AUCo_ =ÃŒ^
1-1 A/

and the area under the moment curve from time of administration to
infinity (Al 'Md, â€ž) was calculated from

2 -JL
i-l (Ai)

The total body clearance (f '/,/,), the renal clearance ((/,), the mean

residence time (MRT) and the volume of distribution at steady state
( I'd,,) were calculated from the AI '('â€ž_,and AI M( â€ž. , using equations

found in Ref. 18.
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Fig. 1. HPLC fluorescence chromatogram of 3 pmols of 10-EdAM, 10-EdAM-
polyglutamates (G,-G,), 7-OH-10-EdAM, and DGL-10-EdAM standards. 10-
PdAM was added as an internal standard. Elution conditions are outlined in
"Materials and Methods" and in Ref. 16.
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TOXICOLOGY AND PHARMACOLOGY OF 10-EdAM

RESULTS

Toxicity of 10-EdAM in Rats and Dogs. The LD,0 in rats was
125 mg/kg/week for 3 weeks i.p.; no toxicity was observed in
rats receiving 25 or 50 mg/kg/week. Intoxicated animals ap
peared ruffled and had retardation of growth, diarrhea, melena,
and dehydration. The findings at autopsy were marked atrophy
of cervical and mesenteric lymph nodes, thymus, and spleen,
and petechial hemorrhages in the mucosa of the terminal ileum.
On microscopic examination, there was hypoplasia of the bone
marrow and of the hematopoietic elements and lymphoid fol
licles of the spleen. The villi of the small intestine were blunted
and irregular with atypia of the epithelial cells. Many of the
crypts were atrophie or ectatic and the remaining crypt cells
had swollen nuclei.

Dogs were more sensitive to the toxic effects of 10-EdAM.
The I.I),,, in dogs was estimated to be 2.5 mg/kg/week for 3
weeks i.v. No immediate reactions were observed in any of the
animals. All animals had vomiting 24-72 h after each dose,
decrease in food and water consumption, and weight loss.
Animals given doses of 2.5 mg/kg or greater developed hyper-
emia and ulcÃ©rationsof the buccal mucosa, bloody diarrhea,
and dehydration. Animals with gastrointestinal bleeding had
anemia. Reticulocytopenia and lymphocytopenia were present
in all dogs, but neutropenia was only seen at the 10-mg/kg
dose. Biochemical abnormalities attributable to dehydration
were also observed in dogs given 5.0 and 10.0 mg/kg.

The findings at autopsy were erythema of the buccal mucosa,
enlarged hemorrhagic mesenteric lymph nodes, and hemor-
rhagic streaks in the mucosa of the terminal ileum and colon.
Microscopic examination revealed hyperemia and inflamma
tory cells within the buccal mucosa, flattening of the villi of the
ileum, and ectasia of the small and large intestine. The cells
lining the remaining crypts showed atypia and swelling of the
nuclei. There were areas of mucosal hemorrhage and chronic
inflammation. There was congestion of the mesenteric lymph
nodes and of the marrow vasculature, but the marrow cellularity
was normal.

Elimination and Metabolism of 10-EdAM in Rats. The con
centrations of 10-EdAM in plasma obtained over 72 h from
rats after an i.v. bolus injection of 50 mg/kg are summarized
in Fig. 2. 10-EdAM declines 4 logs in concentration over 18 h
and was not detectable in plasma beyond 72 h. The elimination
data were best fit by a triexponential equation (i = 3) with the
sum of squares iterations weighted by 1/(concentration)2; the
pharmacokinetic parameters are summarized in Table 1. 10-
EdAM was eliminated from the plasma of rats with a terminal
phase tv, of 18.5 h but with a MRT of only 0.7 h. The volume
of distribution for 10-EdAM was approximately twice the vol
ume of total body water. Rat plasma also contained minor
amounts of 7-OH-10-EdAM and DGL-10-EdAM. The binding
of 10-EdAM at concentrations of 10, 100, and 1000 HM to
plasma proteins was 30 Â±2%.

The recovery of radioactivity in the urine and feces of two
rats receiving 10 mg (165 MCi/kg) of [3H]-10-EdAM is shown

in Table 2. Greater than 86% of the administered radioactivity
was recovered in the urine and feces over 72 h. Excretion in the
feces was the primary route of elimination with the 0- to 24-h
fecal collection alone containing 62% of the dose. HPLC anal
ysis of homogenates of the 0- to 24-h fecal collection revealed
that 10-EdAM accounted for only 23% of the recovered radio
activity. The majority of the recovered radioactivity was ac
counted for by DGL-10-EdAM (63%) and by 7-OH-10-EdAM
(14%). A minor radioactive peak (0.5%) was present at the

100,000 ,

10,000

<
s
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6 12 18 24 48 72
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Fig. 2. Clearance of 10-EdAM from the plasma of rats following i.v. bolus
administration of SOmg/kg. Data are averages of two animals or means Â±SD of
four animals.

expected retention time of DGL-7-OH-10-EdAM.
The recovery of radioactivity from cannulated common bile

ducts of two rats given 10 mg (165 /Â¿Ci/kg)of [3H]-10-EdAM

accounted for 49.1 and 51.4% of the administered dose in 4 h,
with >90% of the radioactivity recovered in the first hour. The
biliary elimination of 10-EdAM and metabolites was also mea
sured in three rats by HPLC-fluorescence assay after a dose of
50 mg/kg; the total recovery of drug in bile was 51 Â±4% of the
administered dose. 10-EdAM accounted for 85% of the drug
recovered in the bile with the remainder due to 7-OH-10-
EdAM. DGL-10-EdAM was not detected in bile.

Approximately 18% of the dose of [3H]-10-EdAM adminis

tered to rats was recovered in the urine over 72 h; 95% of the
recovered radioactivity was found in the 0- to 24-h collection.
10-EdAM accounted for >98% of the recovered radioactivity
with <2% of the radioactivity as DGL-10-EdAM.

Distribution of 10-EdAM into Tissues of Rats. The concentra
tions of radioactivity in tissues and plasma of rats receiving 10
mg (165 /iCi/kg) [3H]-10-EdAM are compared in Table 3. The

distribution ratios relative to plasma were 4 to 8 in liver, kidney,
and small intestine at 0.5 h after injection, and remained
elevated in these organs and in spleen and lung for up to 24 h.
The distribution ratios in the skeletal muscle compartment were
0.3 to 0.9, whereas concentrations in bone marrow and brain
were a small fraction of simultaneous plasma concentrations
and varied little during the course of the experiment.

Concentration of 10-EdAM and Polyglutamates in Rat Tis
sues. The concentrations of 10-EdAM and pol yglut amates in
rat tissues after a dose of 50 mg/kg was determined by an
HPLC-fluorescence assay and is presented in Table 4. 10-
EdAM polyglutamates (Gi-G3) were observed as early as 0.5 h

after drug administration in kidney, liver, and small intestine,
but declined rapidly and were not detectable in kidney and small
intestine after 18 h. Polyglutamates (G|-G3) were not detectable

2336

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/9/2334/2431023/cr0470092334.pdf by guest on 19 M

ay 2023



TOXICOLOGY AND PHARMACOLOGY OF 10-EdAM

Table 1 Pharmacokinetic parameters for 10-EdAM

Dose ty,a t*ÃŸ tv,r AUCÂ«^. yd, CIÂ» CI, MRT
Animal (mg/kg) (min) (h) (h) (HM-h) (liters/kg) (liters/kg/h) (liters/kg/h)(h)Rat

50.00 6.3 0.8 18.5 64,932 1.09 1.55 -â€¢0.7Dogi

0.25 2.9 0.6 4.8 1,090 .16 0.46 0.11 2.5
Dog 2 0.25 5.2 1.0 7.8 1,260 .16 0.40 0.10 2.9
Dog 3 1.00 3.9 0.7 10.0 3,030 .44 0.66 0.14 2.6
Dog 4 1.00 3.1 0.6 10.6 3,440 .82 0.58 0.03 3.1
Dog 5 5.00 2.7 0.4 6.7 10,800 .58 0.94 0.10 1.7
Dog 6 5.00 4.4 0.7 14.4 16,200 .68 0.63 0.072.7â€¢

-, not done.

Table 2 Recovery of radioactivity in urine and feces ofrats%
of administeredradioactivity*Collection

time (h) UrineFeces0-24
18.2* 61.5*

24-48 0.2 4.7
48-72 0.10.2*

Animals received 10 mg, 165 nCi [3H]-10-EdAM/kg.
* Average of two animals which differ by less than10%.Table

3 Distribution of radioactivity into tissues of rats receiving [^H] 10-EdAM
Animals received 10 mg (165 fCi/kg) of [3H]-10-EdAM i.v. and were sacrificed

at the indicated times following drug administration. Data are averages of two
separate animals which differ by <10%.Concentration*

(nmol/g tissue or

ml plasma)atTissue

0.5 h 4h 24hPlasma

3.48 0.67 0.46
Liver 16.02 1.62 2.42
Kidney 26.37 1.83 1.92
Spleen 1.57 1.23 0.94
Lung 2.09 0.89 0.69
Muscle 0.98 0.53 0.43
Brain 0.81 0.68 0.52
Small intestine 13.38 0.45 0.62
Colon 1.03 2.49 1.06
Bone marrow 0.14 0.090.09*

Concentration was calculated as if all radioactivity was accounted for by 10-

EdAM.Table

4 Concentrations of 10-EdAM and 10-EdAM polyglutamates in rat tissues
Animals received 10-EdAM 50 mg/kg i.v. and were sacrificed at indicated

times.Concentration

(nmol/gtissue)Tissue*

(h) 10-EdAM 10-EdAM-G, 10-EdAM-G210-EdAM-G,Kidney

0.5 27.400 ND* 0.904 0.150

6.0 0.720 0.003 0.003 0.006
18.0 0.586 ND ND 0.003
48.0 0.628 ND ND ND
72.0 0.330 ND NDNDLiver

0.5 29.210 ND 0.489 0.135
6.0 0.541 ND ND 0.012

18.0 0.447 ND ND 0.012
48.0 0.577 ND ND 0.009
72.0 0.375 ND ND0.009Small

0.5 0.925 0.003 0.039 ND
intestine 6.0 0.186 ND ND ND

18.0 0.150 ND ND ND
48.0 0.090 ND ND ND
72.0 0.072 ND NDND*

Polyglutamates were not detectable in homogenates of brain, bone marrow,

and spleen.
* ND, notdetected.in

homogenates of brain, bone marrow, and spleen. DGL- 10-
EdAM and 7-OH-10-EdAM were present in kidney, liver, andindividual

dogs after i.v. bolus injections of 0.25, 1.0, and 5.0
mg/kg are summarized in Fig. 3. 10-EdAM declined 3 logs in
concentration in 8 h and was detectable beyond 24 h only in
the plasma of animals receiving 5 mg/kg. The elimination data
were best fit by a triexponential equation (/ = 3) with the sum
of squares iterations weighted by 1/concentration: the phar-
macokinetic parameters are summarized in Table 1. The mean
(range) terminal phase f* was 9.1 h (4.8-14.4 h). The Vda was
2- to 3-fold the volume of total body water. Except for Dog 5,
the AIT,,., was proportional to dose, with a linear correlation
coefficient of 0.999. There was little variation in the MRT with
a mean of 2.6 h. Minor amounts of DGL- 10-EdAM were also
detectable in plasma.

As in the rat, 10-EdAM was eliminated primarily by nonrenal
processes; the ("/,. although varying among the animals, in all

cases accounted for a fraction of the Cl,b. Of the 10-EdAM
recovered in the urine over 72 h, >95% was present in the 0-
to 24-h collection. The recovery of DGL- 10-EdAM in the urine
accounted for <5% of the administered dose; 7-OH-10-EdAM
was not detectable.

The binding of 10-EdAM at concentrations of 10, 100, and
1000 nM to plasma proteins was 59 Â±2%.DISCUSSIONThe

weekly for 3 weeks schedule of administration was used
to study the toxicology of 10-EdAM because MTX is commonly
administered weekly to patients and because a weekly for 3
weeks schedule was well tolerated and efficacious in earlier
clinical trials with 10-deazaaminopterin (10). The dog, with a
LD,o of 2.5 mg/kg/week x 3 weeks, was more sensitive to
intoxication with 10-EdAM than was the rat, with a LD10of100,000

r

10,000\

2 i.oooMB

I0Â°\\VV\
*-N^^5mg/kg,Dog610

â€¢ X^X.. Im9/k^~^^N.
\i Do,4"-^LtwlofoiiojN.

025mg/kg,Dog2â€¢Wlltivl!Â»
N.,

/ | l i l
small intestine, accounting for 7-12% and 3-8% of the total
drug, respectively.

Elimination and Metabolism of 10-EdAM in Dogs. The con
centrations of 10-EdAM in plasma obtained over 72 h from

0 6 12 24 48

Hours post drug administration
Fig. 3. Clearance of 10-EdAM from the plasma of dogs following i.v. bolus

administration of the doses indicated.
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TOXICOLOGY AND PHARMACOLOGY OF 10-EdAM

125 mg/kg/week for 3 weeks. 10-EdAM is less toxic than MTX
in both species: the single dose I IX,, for MTX was 15 mg/kg
in rats and approximately 2 mg/kg in dogs (20).

The signs of intoxication from 10-EdAM observed in rats
and dogs correlated with the predominant histopathological
finding of damage to the intestinal mucosa. Bone marrow
hypoplasia was observed in rats but not in dogs. This is different
from MTX which causes damage to both the gut and bone
marrow in rats and dogs (20).

The pharmacokinetic parameters we calculated for 10-EdAM
in rats and dogs cannot readily be compared with published
values for the pharmacokinetics of MTX. The estimates for tv,,
clearance, and distribution volume have largely relied on non
specific measurements of total radioactivity from [3H]MTX in

biologic fluids and tissues, with sampling limited to less than
eight hours after drug administration. Early studies demon
strated a biexponential plasma elimination curve with a termi
nal phase tv, of 30 to 40 min in rats and 1.5 to 2 h in dogs (21-
23). More recent experiments have suggested the presence of a
third phase with an elimination /,.. of greater than six hours
(24); however, assay methods have not allowed accurate char
acterization of this component (25).

The half-lives of 10-EdAM and MTX in the plasma have
been directly compared only in mice (9). The terminal phase tv,
of 10-EdAM was 8 h, identical to that of MTX, when samples
up to 24 h after administration of 12 mg/kg s.c. were assayed
by dihydrofolate reducÃaseinhibition. We observed a terminal
phase tv, for 10-EdAM of 18.5 h in the rat and 9.1 h in the dog,
using a sensitive and specific fluorescence assay which allowed
analysis up to 72 h after drug administration. However, only a
small percentage of the administered dose of 10-EdAM is
eliminated during the terminal phase; the MRT, the time re
quired for elimination of 62.3% of the administered dose from
the body (26), is 0.7 h for rats and 2.5 h for dogs.

For similar doses of [3H]-10-EdAM and [3H]MTX (21),

approximately 85% of the administered radioactivity was re
covered in the urine and feces of rats over 48 h. For both drugs,
biliary elimination accounted for one-half of the administered
radioactivity and was not saturable over a wide dose range (21,
25). These data suggest that the clearances of 10-EdAM and
MTX in the rat are similar. However, only 30-40% of the
administered dose of [3H]MTX was eventually eliminated in
the feces (21), compared with approximately 60% for [3H]-10-

EdAM, suggesting greater absorption of MTX or its metabo
lites from the lumen of the gut.

Like MTX (13), 10-EdAM is a substrate for hepatic aldehyde
oxidase9, and small amounts of 7-OH-10-EdAM were also
detectable in bile. The major metabolite in feces, DG L- 10-
EdAM, was formed in the lumen of the gut, probably by
bacterial enzymes in a fashion similar to MTX (27).

There is a wide variation in the distribution of [3H]-10-EdAM

radioactivity into the tissue compartments of rats. Like MTX
(22, 23), 10-EdAM radioactivity is concentrated in kidney and
liver tissue relative to plasma, whereas lower concentrations
were observed in bone marrow and brain. With the high con
centrations of 10-EdAM in the intestinal lumen, some of it is
reabsorbed, resulting in high concentrations of drug in the wall
of both the small and large intestine. The volume of distribution
for [3H]MTX, determined by direct measurement of total radio

activity in tissues, has been reported to be approximately total
body water (25). This is approximately one-half the Vda calcu
lated for 10-EdAM. The value for MTX includes polygluta-

9 F. M. Sirolnak, unpublished data.

mates and metabolites which comprise a substantial percentage
of total drug in many tissues (15).

The data in Table 4 show that 10-EdAM polyglutamate
formation occurs as early as 0.5 h after drug administration in
the kidney, liver, and small intestine; a similar rapid formation
of poh gÃ¬mamales in liver and kidney of rats has been observed
by Krakower and Kamen (15) after a single injection of 10 mg/
kg of MTX. However, the percentage of MTX as polygluta-
mates in these organs varied from 33-66%, substantially higher
than what we observed for 10-EdAM. The percentage of MTX
polyglutamates increased or remained constant over 170 h, in
contrast to the declines observed for 10-EdAM polyglutamates.
Furthermore, high concentrations of MTX polyglutamates
were observed in the brain and bone marrow, where we were
unable to detect 10-EdAM polyglutamates. MTX polygluta
mates could not be detected in the small intestine, where we
found small concentrations of 10-EdAM polyglutamates. The
differences between the two drugs in polyglutamate formation
and elimination by normal tissues may be important factors in
the reduced host toxicity of 10-EdAM.

The elimination and distribution of 10-EdAM and MTX
differ substantially in dogs. Henderson et al. (21) found that
70% of the administered [3H]MTX radioactivity was excreted

in the urine over 24 h; the volume of distribution of radioactivity
approximated total body water. Our studies indicate that 10-
EdAM is eliminated primarily by nonrenal processes and that
10-EdAM has a substantially larger volume of distribution than
MTX. Although some variability was observed in the pharma
cokinetic parameters, probably due to our use of mongrel dogs,
the linear relationship between dose and AUC and the constant
MRT indicate that elimination was not saturable over a wide
dose range.

One-tenth the LI),,, in the dog, the more sensitive species,
was selected as the initial dose for the Phase I study of 10-
EdAM, i.e., 5 mg/m2/week for 3 weeks. The results of this

study indicate that damage to the gastrointestinal tract is likely
to be the dose-limiting toxicity for 10-EdAM in humans. Elim
ination from the plasma of humans is expected to be triphasic
with a terminal phase /,.. of at least 9 h. Nonrenal elimination
is likely to be the major route of drug clearance, which is likely
to be independent of dose over a wide range.
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