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ABSTRACT

Two newly synthesized nitrosoureido sugars have been eval
uated for their antitumor activity and diabetogenic potential in a
number of in vitro and in vivo preclinical tumor model systems.
2-Amino-2-deoxy-A/'-methyl-A/'-nitrosoureido-1,3,4,6-tetra-O-

acetyl-o-D-mannopyranose (MAZ), a lipophilic mannosamine
derivative,andethyl-6-deoxy-3,5-di-O-methyl-6-(3-methyl-3-nitro-
soureido)-o-D-glucofuranoside (EDOMEN or CGP 6'809), were

both found to inhibit L1210 leukemia Å“il growth in vitro by 50%
at approximately 5.0 x 10~5 M. At these concentrations, little

effect was noted immediately on L1210 cell radiolabeled precur
sor incorporation; however, at higher concentrations, EDOMEN
inhibited [3H]leucine and [3H]mannose incorporation, while MAZ
specifically decreased L1210 cell [3H]thymidine and [3H]leucine

incorporation. Inhibition of Lewis lung carcinoma and B16 mela
noma cell growth by 50% in vitro was achieved at higher con
centrations of these agents (10~4 to 10~3 M). Since the currently

available nitrosoureido sugars, streptozotocin and chlorozotocin,
have been observed by us to be diabetogenic, EDOMEN and
MAZ were evaluated for their specific toxicity to rat pancreatic
/3-cells in vitro. Cytotoxicity in /3-cell cultures was monitored both
by phase-contrast microscopy and the release of insulin into the
culture medium. /i-Cells were found to be 10-fold more sensitive

to the toxic effects of MAZ than were pancreatic fibroblasts.
EDOMEN, on the other hand, did not damage /Ã-cellspreferen

tially and therefore was not considered diabetogenic. Both MAZ
and EDOMEN had moderate activity as antileukemic agents in
mice. At 50 mg/kg/day i.p. for 5 days, MAZ increased the life
span of female DBA/2J mice with L1210 leukemia by over 50%.
Similarly, doses of EDOMEN at 125 to 250 mg/kg/day i.p. for 5
days increased L1210 leukemic life span by nearly 60%. At these
doses, no effect of MAZ was observed on primary Lewis lung
carcinoma growth or life span of tumor-bearing C57BL/6 mice.

EDOMEN, however, increased life span in Lewis lung carcinoma
mice by up to 33% and caused an apparent antimetastatic effect.
These studies indicate that EDOMEN may have enhanced value
as a cancer chemotherapeutic agent due to its therapeutic
effectiveness, lack of diabetogenic potential, and other favorable
formulation properties (water solubility) as compared with other
clinically available nitrosoureas.

INTRODUCTION

Nitrosourea-containing compounds have potent anticancer ac

tivity against a wide variety of human cancers (10,17). The value
of many of these compounds for chemotherapeutic use, how
ever, has been limited due to their severe myelotoxicity at
therapeutic dosages. SZ3 in which the methylnitrosourea group

is attached to C-2 of o-glucose, has antitumor activity with less

bone marrow toxicity (20) than the noncarbohydrate nitrosou
reas. Unfortunately, this compound is specifically toxic to insulin-
producing pancreatic /3-cells (27) and produces diabetes mellitus
in a variety of laboratory animals (9). Other glucose-containing
nitrosoureas such as chlorozotocin are also less myelosuppres-

sive than the noncarbohydrate nitrosoureas but also injure pan
creatic /3-cells (18,26,27). In selecting new W-nitroso compounds

for use in cancer chemotherapy, it would be preferable to develop
compounds that are both nonmyelosuppressive and nondiabe-

togenic.
These studies report the therapeutic activity and diabetogenic

potential of 2 newly synthesized nitrosoureas containing sugars
(Chart 1), MAZ and EDOMEN (or CGP 6'809). A preliminary

report has shown that MAZ had moderate activity as an antitu-

mor agent in experimental murine tumor model systems (4).
Similarly, EDOMEN at nonmyelosuppressive and well-tolerated

doses was shown to markedly inhibit pulmonary mÃ©tastases
from S.C.- or i.m.-transplanted LLC in mice and that the combi

nation of this agent with cyclophosphamide was synergistic. In
addition, this compound was shown to have significant thera
peutic effects against Rauscher leukemia, 5 other murine and 7
rat tumors and a human melanoma allograft in nu/nu BALB/c
mice (21). Preclinical toxicology studies recently have confirmed
that EDOMEN had little myelosuppressive activity at therapeutic
dose levels (13). In this report, we describe the chemotherapeutic
activity of these agents against L1210 leukemia and LLC and
the diabetogenic potential of these agents using pancreatic islet
of Langerhans /3-cells obtained from neonatal rats (6, 7, 24).

MATERIALS AND METHODS

L1210 LeukemiaCells in Vitroand in Vivo

Murine leukemic L1210 cells were maintained in RPMI Medium 1640
supplemented with 10% heat-inactivated fetal calf serum, 16 HIM W-2-
hydroxyethylpiperazine-A/'-2-ethanesulfonic acid and 8 mw morpholino-
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Chart 1. Structural formulas of MAZ, EDOMEN, SZ, and chlorozotocin (CLZ).

propanesulfonic acid, pH 7.0 (Grand Island Biological Co., Grand Island,
NY). For determinations of cellular growth inhibition (ICso),5x10* cells/

ml were incubated for 48 hr in 2 ml of complete medium containing
increasing concentrations of the various nitrosoureas. Forty-eight hr later,

aliquots of cells were removed from these cultures and counted using a
Coulter electronic cell counter. Percentage of control growth was calcu
lated and the concentration of agent inhibiting cell growth by 50% was
obtained graphically using software developed for an HP 85 minicom

puter (3).
Incorporation of radiolabeled precursors by L1210 cells was monitored

in the presence of these nitrosoureas. [3H-metf)y/]Thymidine (specific
activity, 47 Ci/mmol), 0.3 ^Ci/ml, or [6-3H]uridine (specific activity, 22.4
Ci/mmol), 0.3 ^Ci/ml, or D-[2-3H]mannose (specific activity, 12 Ci/mmol),

7.5 /iCi/ml, was incubated separately in quadruplicate microtiter wells
containing 105 L1210 cells/ml in 200 p\ of complete medium containing

various amounts of the nitrosoureas. All radioisotopes were purchased
from New England Nuclear, Boston, MA. Microtiter plates were incubated
for 6 and 24 hr, and cells were collected on filter paper discs using an
automated cell harvester. Cells were washed with 10 volumes of 0.9%
NaCI solution (saline). Each washed disc was placed in a scintillation vial
with 5 ml of Liquiscint-2 scintillation cocktail (National Diagnostics, So-
merville, NJ) and the radioactivity measured using a Beckman LSC-100

scintillation counter. Results were expressed as percentage of control
incorporation. Based on previous determinations using 10% trichloroace-

tic acid precipitation, less than 10% of the measured radioactivity in

L1210 cells was acid soluble (3).
A line of L1210 leukemia (obtained from Dr. A. Ovejera, DCT Tumor

Repository, National Cancer Institute-Frederick Cancer Research Facil

ity, Fredrick, MD), has been maintained in DBA/2J female mice by weekly
i.p. transfer of 105 cells. Therapeutic trials were performed using 106 cell

inoculums transplanted i.p. on Day 0 to female DBA/2J or DBA/2HaDD
mice (19 to 20 g). The DBA/2J is the syngeneic host for the L1210
leukemia, while the DBA/2HaDD mouse strain shares the major H-2"

histocompatibility locus. However, the strains differ in minor character
istics and a host immune response to the tumor is more evident in the
DBA/2HaDD mouse (16). Drugs were routinely administered i.p. starting
on Day 1 for 5 consecutive days. Survival of mice was monitored daily.
Median and mean survival, percentage of increase in life span (%ILS),
and a statistical comparison of drug-treated versus untreated groups

were determined using software designed for an Apple II microcomputer

(11).

LLC in Vitro and in Vivo

Murine LLC was obtained from the DCT Tumor Repository, National
Cancer Institute-Frederick Cancer Research Facility, and transplanted

s.c. by trochar implant in the abdominal flank of female C57BL/6 Jacob
mice obtained from the West Seneca Roswell Park Memorial Institute
Breeding Facility. Prior to transplantation, the tumor was aseptically
removed and minced in cold sterile saline. Nonnecrotic uniform pieces (1
to 2 cu mm) were implanted s.c., and 3 days later, when the tumor was
palpable, drugs were administered i.p. for 5 consecutive days. Under
these conditions, control animals survived for an average of 29 days.
Tumor growth was monitored every 3 days by caliper measurement of
2 perpendicular diameters, and tumor mass was estimated algebraically
(8). Mortality was checked daily. Evidence of lung metastasis 20 days
after i.m. tumor implant was examined by use of India ink injection into
the trachea and counting the number of small, white tumor nodules using
a dissecting microscope (23).

A line of tissue culture adapted LLC, cells was established by Bertram
and Janik (5) and used for the estimation of direct-cell cytotoxicity of the

nitrosoureas. LLCi cells were grown in monolayer culture in RPMI
Medium 1640 containing 5% heat-inactivated calf serum. Compounds
were evaluated in triplicate wells (24-well plates) in 1-ml aliquots. The
plates were incubated with drugs for 72 hr (37Â°, 5% CO2 humidified

atmosphere). After incubation, cells were rinsed with saline, and growth
was determined by counting cells electronically with a Model Zf Coulter
Counter (Coulter Electronics, Hialeah, FL). Data processing was per
formed by an HP85 minicomputer program. For the concentration of
each agent, the program averaged the triplicate values and calculated
percentage of control growth. The percentage of control growth was
plotted versos concentration of agent, and the ICÂ«was determined.

Murine Toxicity Determination

Blood Sample Acquisition. Ha/ICR Mice were given s.c. injections of
200 units of heparin, and 30 min later were anesthetized with ether. A
cut was made into the axilla, and blood was allowed to pool into a small
"well" and withdrawn with a 1.0-ml syringe. Hematological parameters

were evaluated on the blood from individual mice, and glucose content
was evaluated on the pooled sera from 3 mice.

WBC number was determined electronically with a Model Zf Coulter
Counter, and glucose was determined in a Gemini centrifugal analyzer
(Electronucleonics Co., Fairfield, NJ).

Tibial Bone Marrow Count. The tibias of both hind limbs of mice were
removed at the time of necropsy and placed in iced saline. The tibias
were cleaned free of muscles and ligaments, and the proximal epiphysis
of each tibia removed along the plane of the epiphysial disc. About 1
mm of the distal tibia was snipped off, and a 27-gauge needle was

introduced into the distal marrow cavity. The marrow was syringed out
by forcefully expelling 3 separate aliquots of saline containing 0.1%
EDTA through the marrow cavity into a beaker. The erythrocytes in this
sample were lysed with saponin, and the cells were dispersed into a
single-cell suspension by back and forth pipetting with a 10-ml pipet.

The cells were counted electronically (Model 2G Coulter Counter), and
results were expressed as cells per tibia.

Pancreatic Islet Cell Cultures

The procedures used to prepare islet cell monolayer cultures from the
pancreata of neonatal rats have been described previously (6, 7, 24).
After an initial 16-hr incubation in 60-mm culture dishes to remove

adherent fibroblastoid cells, suspensions of islet cells were plated into
16-mm culture wells (24 wells/plate). Twenty-four hr after plating, the
monolayers were treated for 48 hr with serum-free, cysteine-free medium

to reduce contamination by fibroblastoid cells (6). Thereafter, islet cells
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were maintained using Medium 199 (Grand Island Biological Co.) supple
mented with 10% fetal bovine serum, glucose (3 mg/ml), and gentamicin
(10 Mg/ml). Fresh medium was added at 48-hr intervals, and the spent
medium saved for determination of immunoreactive insulin concentration
by radioimmunoassay. On the eighth day of culture, the drugs were
added to the cultures.

MAZ, synthesized by Dr. W. Korytnyk4 or EDOMEN synthesized by

Dr. J. Stanek, at Ciba-Geigy, Basel, Switzerland, were dissolved in
DMSO and diluted to concentrations ranging from 10~2 to 10~5 by 10-

fold serial dilutions with HBSS. SZ (Upjohn Co., Kalamazoo, Ml) was
dissolved in citrate buffer (pH 4.5) before dilution in HBSS. All final
dilutions were adjusted to contain 1% DMSO or citrate buffer. The
culture medium was removed, and the monolayers washed twice with
HBSS. Cultures were then exposed to MAZ, EDOMEN, or SZ in HBSS
for 1 hr. Controls (no drugs) received HBSS with 1% DMSO or citrate
buffer. At this juncture, the HBSS-containing drugs were removed and

the cultures replenished with fresh culture medium. Medium was changed
at 48-hr intervals thereafter, and the spent medium was saved for

determination of insulin.

Assay for Insulin

Insulin release during each 48-hr period was determined by a back
titration method (15, 28) using 125l-labeled porcine insulin (Cambridge

Medical Diagnostics, Inc., Billerica, MA) diluted with cold insulin (kindly
provided by Dr. R. Chance, Eli Lilly, Indianapolis, IN) and guinea pig anti-

bovine insulin serum (Lineo Research, Inc., Eureka, MO).

Fibroblast Cell Cultures

To ascertain whether the toxicity of chemicals reflected either a
nonspecific cellular effect or a selective affinity for the /3-cell, cultures of

fibroblasts were prepared from pancreatic tissue. Fibroblasts attaching
to 50-mm dishes prior to initial dÃ©cantation of islet cells were removed
by trypsinization and plated into 16-mm wells (approximately 105 cells/

well) in Medium 199 containing 10% fetal calf serum and gentamicin (10
Mg/ml). The protocol for exposure to the drugs was as described for islet
cell cultures. Cytotoxicity was monitored by phase-contrast microscopy,

and cellular protein in individual wells was determined using the method

of Lowry ef al. (14).

RESULTS

Tumor Cell Growth and Macromolecular Biosynthesis in
Vitro. All the sugar-containing nitrosoureas directly inhibited tu
mor cell growth in vitro (Table 1). 2-Amino-2-deoxy-A/'-chloro-

ethyl-W-nitrosoureido-D-glucopyranoside (chlorozotocin) dem
onstrated the highest cytotoxicity to L1210 leukemic cells having
an ICsoof 0.95 x 10~5 M, while MAZ and EDOMEN were active
at approximately 5 times higher concentrations (5x10~5 M). SZ
was least active having an ICsoof 75 x 10~5 M. B16 melanoma

and LLC cells necessitated higher drug levels for growth inhibi
tion, although MAZ and EDOMEN inhibited B16 cell growth by
50% at 7 to 9 x 10~5 M. SZ was ineffective in inhibiting 50% of

B16 and LLC cell growth at concentrations up to 1 mw.
The effect of these agents on radiolabeled precursor use

(Table 2) indicated that EDOMEN at its ICÂ«,concentration (~7 x
10~5M)caused little if any effect on macromolecular biosynthesis
within 5 or 24 hr. However, at higher concentrations (2 x 10"4

M), a significant decrease in protein (|3H]leucine incorporation)
and glycoprotein ([3H]mannose incorporation) biosynthesis was

noted within 5 hr. These effects became more evident at 24 hr

when 2 x 10~4 M EDOMEN inhibited protein and glycoprotein

biosynthesis by over 50%. MAZ had little effect on macromolec
ular biosynthesis at concentrations up to 1 x 10~4 M (Table 2).
At 3 x 10~4 M, inhibition of [3H]thymidine to 65% control was

noted within 5 hr. At 24 hr following the addition of MAZ protein
and glycoprotein, biosyntheses also were significantly lowered.
SZ had little or no effect on macromolecular biosynthesis within
24 hr at concentrations up to 1 mw (data not shown).

Tumor Growth in Vivo. L1210 leukemia in mice was sensitive
to the effects of the sugar-nitrosoureas. EDOMEN administered

i.p. daily for 5 days to female DBA/2J mice given i.p. implants of
106 L1210 leukemia cells caused a dose-dependent %ILS of up

to 57% at 250 mg/kg/day for 5 days (Table 3). Dosage at 500
mg/kg/day 5 times induced a positive therapeutic response in
some mice (survival to Day 15), but some drug toxicity was
noted. Doses of 125 and 250 mg/kg/day 5 times caused little
change in bone marrow cellularity, WBC counts, or differentials;
however, higher doses began to decrease bone marrow cellular
ity and induce leukopenia (Table 4). No changes in blood glucose
levels were noted even at toxic levels of EDOMEN.

EDOMEN was equally effective in the treatment of 1-/3-D-

Table 1
Growth inhibition of tumor cells in vitro by sugar-containing nitrosoureas

10-Â»M"

DrugMAZ

EDOMEN
SZ
CLZ"L1

210cells5.0

4.8
75

0.95B1

6 cells7.3

8.6
>100

76LLC,

cells65

43
>100

36
Various concentrations of drugs (10-Â«,5 x IO"6, IO"5, 5 x 1Q-5, IO"4, 5 x

10~4,and 10~3M)were incubated in triplicate with cultures of L1210 leukemiacells

(L1210), B16 melanoma(B16)cells, or LLC, cells. Growth was measured in L1210
cultures 48 hr and B16 and LLC, cultures 72 hr after drug addition by counting
cells with an electronicCoulter Counter andexpressing cell growth as a percentage
of control. The ICjoSwere determined graphically.

6 CLZ, chlorozotocin.

Table 2
Inhibition of LI210 macromolecularbiosynthesis

L1210 cells were incubated in microtiter wells (200 ^I/well) containing various
radiolabeledprecursors (see"Materialsand Methods") for 5 or 24 hr. Quadruplicate

wells were assayedfor each time anddose determination.Followingthe incubation,
cells were harvested on filter paper and washed using an automatic cell harvester
apparatus. Discs were cut out, and cellular radioactivity quantitated by scintillation
counting (3). Results are expressed as percentage of control incorporation and
represent the mean of 3 separate experiments.

% of control incorporation

[3H]Thymidine [3H]Uridine [3H]Leucine [3H]Mannose

EDOMEN2
x10~5M7x

10-'M2x

10"*MMAZ1

x10-5M5x10-"

M1

XIO^M3x10-*M97106879979841021008780887865*68"(5)"(24)(5)(24)(5)(24)(5)(24)(5)(24)(5)(24)(5)(24)101981059379871069689898592829091938078M53o49"10991101899089â€¢L44"878996806548"81958090849082.65"

4W. Korytnyk, M. Sharma, and N. Angolino, unpublisheddata.
8 Numbers in parentheses,hr.
6 Results are statistically significantlydifferent from control at p < 0.05.
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Tables
Therapeuticeffectiveness of EDOMEN,MAZ, or SZ in DBA/2J mice with L1210

leukemia
DBA/2J mice (18 to 20 g) were given i.p. implants of 10sL1210 cells on Day 0.

Separate controls (no drug administered) were performed for each drug group
using littermates of similarweight. Starting on Day 1, drugs were administered i.p.
for 5 consecutive days. Data calculations and statistical tests were performed by
software developed for an Apple II microcomputer (11).

Survival

Dosage (i.p.) (mg/ No. of ani- Range Median Mean % of Signifi-
kg/day for 5 days) mals/group (days) (days) (days) ILS canee

EDOMEN0125250500MAZ012.525.050.075.0SZ012.525SO10018151515106666555556-88-1110-125-156-108-119-1110-149-117-89-99-1210-159-12791187.51010111089910106.89.210.99.77.59.71011.2107.891011.710.302857143333463312122525<0.01<0.01<0.01NS"<0.05<0.01<0.05NSNS<0.01<0.05

NS, not statistically significant.

Table 4
Toxic effects of EDOMENin female Ha/ICRmice

Day"7

1429Treatment"

groupEDOMEN

Control
EDOMEN
Control
EDOMEN
ControlSerum

glu
cose0(mg/dl)201,211

200, 205
198, 191
187.166
194,214
200, 194Tibial

bone mar
row cells x1070.96

Â±0.11"

1.30 Â±0.25
0.97 Â±0.07
1.21 Â±0.17
1.02 Â±0.15
1.25 Â±0.25No.

of WBC x
10"/cumm5.57

+ 1.08
6.17 Â±2.05
6.05 Â±2.88

10.42 Â±2.38
4.94 Â±0.99
9.42 Â±3.63

8 Day 0 is the first day of treatment.
"EDOMEN. 285 mg/kg.
c Each value obtained from pooled sera of 3 mice.
"Average Â±S.D. of 6 mice/group.

Table 5
Therapeuticeffectivenessof EDOMENin C57BL/6 Jacob mice with LLC

Female C57BL/6 Jacob mice (18 to 20 g) were given s.c. implants LLC.
Commencing on Day 3, EDOMEN was administered for 5 consecutive days.
Primary tumor volume and life span were monitored. Data calculations were
performed using software developed for an Apple II microcomputer (11).

Dosage (i.p.)
(mg/kg/day
for 5days)0

(control)
125
250
500No.

of
animals/
group5

55

5Range

(days)20-36

25-34
20-46
10-16Median

(days)27

29
3613SurvivalMean

(days)28.6

30.0
34.8
12.8%ILS07

33
(-52)Signifi

canceNS8

NSNSHalf-

tumor
volume
(days)25.0

21.5
24.5

'NS, statistically not significant.

arabinofuranosylcytosine-sensitive or -resistant L1210 tumors or
when administered to leukemia mice by a 5-day continuous

infusion (data not shown). The therapeutic effect of EDOMEN
on LLC tumor implanted s.c. in female C57BL/6 Jacob mice was
not as effective as that observed for L1210 leukemia (Table 5).
The medium life span of mice with LLC given EDOMEN was
increased from 27 days to 36 days with a corresponding % ILS
of 33%. Using the Dunn significance test, these results, however,
were not statistically significant. At 500 mg/kg/day for 5 days,

lethal toxicity was noted with C57BL/6 Jacob mice dying before
untreated mice given implants of LLC. No significant effect of
EDOMEN was noted on primary s.c. tumor volume with no
increase noted in the time for tumor to reach half-maximal tumor
volume (Table 5). However, administration of EDOMEN for 2
courses of therapy (i.p. injection on Days 0 to 5 and Days 8 to
11) decreased the number of metastatic lung nodules following
i.m. tumor implantation in the hind leg of C57BL/6 Jacob mice
(Table 6). Mean lung tumor nodules decreased from 7.6 for
untreated mice to 1.8 for mice receiving 250 mg/kg/day for 9
days. A small decrease in primary tumor size also was noted.
These results were not statistically significant due to the large
variation in lung tumor nodules observed in all groups. Adminis
tration p.o. of EDOMEN was similarly effective to i.p. drug
administration; however, p.o. administration has been found to
cause severe hepatotoxicity (13).

MAZ was found to be most effective in the treatment of L1210
leukemia at a dosage of 50 mg/kg/day i.p. for 5 days (Tables 3
and 7). That dosage caused a %ILS of 46% in syngeneic DBA/
2J mice and cured 9 of 10 DBA/2HaDD mice. Higher dosage
levels resulted in decreased therapeutic effectiveness due to
increased drug-induced toxicity. Preclinical toxicology studies

including hematological assays were not performed with MAZ.
Little if any activity of MAZ was noted in the treatment of LLC in
C57BL/6 mice (data not shown).

SZ, a gluconitrosourea, was marginally effective in the treat
ment of L1210 leukemia in DBA/2J mice (Table 3). At 50 mg/kg/

Tablee
Effects of EDOMENon Lewis lung tumor mÃ©tastases

FemaleC57BL/6 Jacob mice were given i.m. implants in the left hind leg with
0.2 ml of a 1:20 dilution of Lewis lung tumor. Animalswere sacrificed20 days later.
The size and weight of the primarytumor were measuredtogether with the number
of lung nodules (23). Drug was administered daily, Â¡.p.,5 and 4 times weekly,
starting 4 hr after tumor implant.

Primary tumorsizeDose

(mice/group)0

(8)
62.5 (8)

125 (8)
250 (6)Leg

diam
eter(mm)18.8

18.3
19.3
17.8Wt(g)5.9

5.0
524.9Lung

nodulesMean7.6

5.65.5

1.8Range3-11

1-11
3-9
1-4

Table?
Therapeuticeffect of MAZ or SZ on L1210 leukemiain DBA/2HaDDmice

Experimental conditions were similar to those described in Table 3 with the
exception that DBA/2HaDDmice were used.

Dosage(i.p.)
(mg/kg/day

for5days)MAZ0110305075100SZ0102550100SurvivalNo.
ofanimals/group1051051051015561111Range(days)7-97-1110-309-3017-307-308-306-117-119-308-307-11Median(days)7.5711.5303030108109.09.510Mean(days)7.7814.521.828.721.813.17.99.614.218.99.4No.of30-daysurvivors0139310150%ILS-7533003003003325183725Signifi

canceNS"<0.01<0.01<0.01<0.01<0.05NS<0.05<0.01NS

" NS, statistically not significant.
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day for 5 days, SZ caused a 25% ILS. However, 5 of 11 DBA/
2HaDD mice were cured with this dose (Table 7). SZ displayed
little therapeutic activity with LLC at these dosage levels (data

not shown).
Diabetogenic Potential of Nitrosoureido Sugars Using Pan

creatic /3-Cell Cultures. Comparative assessment of the cellular
morphology and quantity of insulin released (a marker of /3-cell

viability and functional status) in islet cell cultures versus the
amount of protein detected in fibroblast cultures at 48, 96, and
144 hr following the addition of drugs was performed to deter
mine any selective drug tropism for insulin-secreting /8-cells.
EDOMEN and MAZ were found to cause 0-cell damage (Figs.

1o and 2o), and similarly to SZ decrease insulin release at
concentrations of 10~3 M (Chart 2). However, viable fibroblasts,

which are trace cellular contaminants in these cultures, were still
observed in cultures treated with 10~3 M SZ or MAZ (Fig. 1d).
No viable fibroblasts were observed in cultures treated with 10~3

M EDOMEN (Fig. 2d). When the drugs were added to cultured
pancreatic fibroblasts, no toxic effects attributable to SZ or MAZ
were detected at any concentration (approximately 10~2 to 10~5

M). However, pancreatic fibroblastoid cells were killed by a
concentration of EDOMEN (10~3 M) equimolar to that required

for 0-cell toxicity. In order to fully determine that EDOMEN was
not selectively toxic to /3-cells, 3 concentrations between 10~3
and 1(T4 M were evaluated (2.5, 5.0, and 7.5 x 10~4 M). The

results again demonstrated that there was virtually no difference
between the effects of this agent on /8-cells and fibroblast cul-

D - Control

ouus

B||
20053

100/-0-IQ-4E3-IO-"A,,,
J!

^-;i

unJ_1II|ii
48 hr 96 hr
Hours After Exposure

ui;
s|

200

100

B

SO

40

30

20

IO

,00

I 50
e

D - Control
H - IO'2
â€¢- IO'5

EOOMEN0 . |0-4
o- io

48hr 96hr
Hours After Exposure

48 hr 96 hr
Hours After Exposure

48 hr 96 hr
Hours After Exposure

iÂ¡

si

200

I0Â°
i!

S 100

I 50

48 hr 96 hr
Hours After Exposure

48 hr 96hr
Hours After Exposure

Chart 2. Insulin release by cultured /3-cells (A, n = 6/group) and cellular protein
in fibroblast cultures (B, n = 4/group) 48 and 96 hr after exposure to EDOMEN,
MAZ, or SZ. Insulin release is expressed as a percentage of that released by each
culture in the 48-hr period that preceded exposure to the chemicals. Fibroblast
protein data are expressed as ?g of protein in selected cultures at 48-hr intervals

after exposure to the chemicals.
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Chart 3. Insulin release by cultured /3-cells (A, n- 6/group) and cellular protein
in fibroblast cultures (B, n - 4/group), 48 and 96 hr after exposure to 2.5, 5, or 7.5
x 10"4 M EDOMEN.

tures (Chart 3) indicating that no selective pancreatic /3-cell

toxicity was evident with EDOMEN, unlike that produced by
MAZ and SZ.

DISCUSSION

These studies indicate that EDOMEN and MAZ, 2 newly
synthesized nitrosoureido sugars, have therapeutic potential for
the treatment of cancer. Both agents inhibited tumor cell growth
in vitro at concentrations (10~5 M) lower than that found for

streptozotocin. Both agents inhibited L1210 cell protein and
glycoprotein biosynthesis and MAZ also specifically decreased
thymidine incorporation. Both agents increased life span in DBA/
2J mice given implants of L1210 leukemia with EDOMEN causing
a %ILS of 57% and, for MAZ, a %ILS of 46%. EDOMEN was
found to be more effective than MAZ in the treatment of C57BL/
6 Jacob mice given s.c. implants of LLC. EDOMEN administration
caused a %ILS of 33% and also decreased the number of
metastatic lung tumor nodules. This effect could be interpreted
as a selective antimetastatic action of EDOMEN (21), although
it also could be a result of other factors such as differences in
drug delivery, tumor size, and growth fraction between primary
and secondary tumors.

Nitrosoureas generally have been found to be myelosuppres-
sive, although the sugar nitrosoureas, SZ and chlorozotocin,
have been found to share a reduced myelosuppressive activity
perhaps due to different tissue-specific binding sites within chro-

matin substructures (12). EDOMEN at therapeutic levels was
found to have little myelosuppressive activity. Nitrosoureido-

sugars, however, have been found to be toxic selectively to
pancreatic /3-cells (18, 26, 27). The studies reported herein
indicate that EDOMEN, unlike MAZ or the known /3-cell poison
SZ, did not injure preferentially insulin-producing pancreatic /3-
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cells. Since all 3 of these compounds contain the same A/-nitroso
moiety, 1-methylnitrosourea, it seemed reasonable to assume
that the sugar moiety in these compounds was responsible for
determining 0-cell specificity. Support for this assumption was
provided by a recent report demonstrating that 1-methylnitro
sourea was not toxic selectively to pancreatic /3-cells (27). In this

regard, it is important to point out that both glucose and mannose
are readily transported and metabolized by pancreatic /3-cells,

and both sugars are capable of inducing insulin synthesis and
release (1, 2). Ribose, on the other hand, has been reported not
to selectively affect /3-cells (12, 19). Thus, it seems plausible to
speculate that it is the ability of the 0-cell to selectively transport
pyranose which accounts for its sensitivity to SZ and MAZ and
lack of specific sensitivity to EDOMEN, a glucofuranoside (Chart
1).

In assessing the diabetogeni potential of specific agents, it is
important to take into account 2 recent findings with SZ. First,
SZ induces diabetes mellitus in certain strains of inbred mice
when given in multiple subdiabetogenic dosages. Moreover, the
diabetes that is induced appears to have an autoimmune com
ponent as evidenced by a mononuclear cell invasion into the
islets of Langerhans and the partial protective effect of antilym-

phocyte serum (25). Other inbred strains are resistant to these
effects. It has, therefore, been concluded that certain genetic
backgrounds, at least in mice, convey increased sensitivity to
the diabetogenic effects of SZ. A second set of studies has
shown that mice given very low levels of SZ, followed by infection
with viruses that do not normally cause diabetes, develop severe
hyperglycemia similar to that seen in human insulin-dependent
diabetes mellitus (22). Therefore, it appears that low levels of /3-

cell toxic chemicals can combine with other environmental insults
to critically decrease the amount of insular tissue and precipitate
overt diabetes mellitus. These studies indicate that /3-cell toxic

chemicals can pose a potential hazard even at low therapeutic
dosages.

It has been shown previously that there is a good correlation
between chemicals that produce diabetes in vivo, such as SZ
and Vacor, and /3-cell toxicity in vitro (25,27). The present studies

demonstrate the value of this in vitro system for the study of
potential .-Â¡-celltoxins. Moreover, using the techniques described

herein, it is possible to easily and economically evaluate agents
with cancer chemotherapeutic value for their diabetogenic poten
tial.

EDOMEN and MAZ, sugar-containing nitrosoureas, have dem

onstrated therapeutic potential in a number of preclinical tumor
model systems. EDOMEN was found to be nonmyelosuppres-

sive at therapeutic dosage levels and in contrast to MAZ was
not toxic selectively to pancreatic /3-cells in culture. EDOMEN,

due to its favorable formulation properties (water solubility) and
biological properties, may offer some advantages over other
clinically available nitrosoureas.
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Fig. 1. a, Islet of Langerhanscells in monolayer culture before exposure to MAZ. x 160. u, Islet cells 24 hr after exposure to 1 rriMMAZ. x 160. Virtually all of the
cells have detached from the culture vessel and appear to be necrotic. c, Pancreatic fibroblasts in monolayer culture before exposure to MAZ. x 80. d. Pancreatic
fibroblasts 24 hr after exposure to 1 mmMAZ. x 80. The majority of the fibroblasts appear intact.
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W

Fig.2. a, Islet of Langerhanscells in monolayerculture before exposure to EDOMEN. x 160. t>,Islet cells 24 hr after exposure to 1 HIMEDOMEN. x 160. Virtually all
the cells have detached from the culture vessel and appear necrotic. c. Pancreatic fibroblasts in monolayer culture before exposure to EDOMEN. x 80 d, Pancreatic
fibroblasts 24 hr after exposure to 1 mMEDOMEN x 80. Almost all of the fibroblasts have detached from the culture vessel and many appear to be necrotic.
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