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NUs containing the established anticancer functio-
nality R�NH�CO�N(NO)�CH2CH2Cl best represented
by CCNU, Me-CCNU (Fig. 1, Structure 1), BCNU,
chlorozotocin, etc. are important anticancer agents.
They find wide application in the management and
control of different human cancers including brain tu-
mors since these have the capacity to cross the blood�
brain barrier [1]. Efforts are ongoing globally to de-
velop new NU derivatives possessing better thera-
peutic efficacy and lower toxicity [2]. Although various
other structural patterns have been used as the carrier

molecules for NU group, naphthalimide ring has not
yet been explored, to our knowledge. This structural
ramification is particularly interesting since some sub-
stituted naphthalimides containing N-(2-dimethylami-
noethyl) chain best represented by amonafide and
mitonafide (Fig. 1, Structure 2) which bind with DNA
by intercalation, have exhibited [3] substantial anti-
cancer activities in various animal tumors and have
undergone clinical trials [4, 5].

Based on the above knowledge, we describe herein
as a part of our ongoing new anticancer compound
development program [6], the synthesis (see Fig. 1),
anticancer and toxicological evaluation of the new NU
compound Napro-NU, 2-[3-{3-(2-chloroethyl)-3-
nitrosoureido}propyl]-1H-benz[de]isoquinoline-1,3-
dione. It is hypothesised that upon in vivo enzymatic
degradation it may exert synergistic activity since the
naphthalimide ring residue may bind with DNA while
NU group will exert cytotoxicity through alkylation of
biological nucleophiles. The known three step process
was followed for the preparation of the substance [1].
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Napro-NU has been synthesized as a new mixed-function anticancer agent from 1,8-naphthalic anhydride. Chemical
alkylating activity of Napro-NU exceeded that of N-di(2-chloroethyl)amine as a standard alkylating compound.
Napro-NU has displayed an excellent and reproducible antitumor activity in vivo against Sarcoma-180 and Ehrlich
ascites carcinoma being more effective than fluorouracil judging by the increase in median survival times of treated
animals. Napro-NU also significantly increased the life span of mice bearing highly advanced tumors for 10 days
before the drug challenge. The compound under study did not adversely affect hematopoiesis. Drug-induced
hepatotoxicity and nephrotoxicity also were not detected. Meanwhile screening in vitro in 6 different human tumor
cell lines did not reveal any significant cytotoxic activity.
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Íà îñíîâå 1,8-íàôòàëàíãèäðèäà êàê èñõîäíîãî ïðîäóêòà áûë ñèíòåçèðîâàí è èñïûòàí ïðåïàðàò Napro-NU, ïðåä-
ñòàâëÿþùèé ñîáîé íîâîå ïðîèçâîäíîå ìî÷åâèíû è îáëàäàþùèé â ýêñïåðèìåíòå ïðîòèâîîïóõîëåâûìè ñâîéñòâà-
ìè. Napro-NU îáëàäàåò áîëåå âûñîêîé àëêèëèðóþùåé àêòèâíîñòüþ, ÷åì ñòàíäàðòíûé àëêèëèðóþùèé ïðåïàðàò
N-äè(2-õëîðýòèë)-àìèí. Ïðîòèâîîïóõîëåâûé ýôôåêò ïðåïàðàòà ïðè èñïîëüçîâàíèè øòàììîâ ñàðêîìû-180 è àñ-
öèòíîãî ðàêà Ýðëèõà îêàçàëñÿ áîëåå âûñîêèì, ÷åì ó ôëóîðîóðàöèëà. Ââåäåíèå ïðåïàðàòà ïðèâîäèëî ê ñóùå-
ñòâåííîìó óâåëè÷åíèþ ìåäèàíû âûæèâàåìîñòè æèâîòíûõ-îïóõîëåíîñèòåëåé. Èñïîëüçîâàíèå ïðåïàðàòà äàæå â
ïîçäíèå ñðîêè ïîñëå ïåðåâèâêè îïóõîëè ïðèâîäèëî ê äîñòîâåðíîìó óâåëè÷åíèþ ïðîäîëæèòåëüíîñòè æèçíè ìû-
øåé. Ïðåïàðàò íå óãíåòàë ôóíêöèþ êðîâåòâîðåíèÿ è íå îáëàäàë ãåïàòî- è íåôðîòîêñè÷íîñòüþ. Íåñìîòðÿ íà
ïîëîæèòåëüíûå ðåçóëüòàòû â ñèñòåìàõ ýêñïåðèìåíòàëüíûõ îïóõîëåé, ïðåïàðàò íå ïðîÿâëÿë öèòîòîêñè÷åñêîãî
ýôôåêòà ïðè èñïûòàíèè in vitro íà 6 ðàçëè÷íûõ ïåðåâèâàåìûõ ëèíèÿõ êëåòîê îïóõîëåé è ëåéêîçîâ ÷åëîâåêà.
Êëþ÷åâûå ñëîâà: ïðîòèâîîïóõîëåâîå ñîåäèíåíèå, ñêðèíèíã, àëêèëèðóþùàÿ àêòèâíîñòü, íèòðîçîìî÷åâèíà.
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MATERIALS AND METHODS
Chemical synthesis. New compounds were char-

acterised by 1HNMR spectra measured in a Bruker
300-DPX spectrometer with the solvents as indicated
and chemical shifts were expressed in d units (ppm)
using tetramethylene silane as internal standard. IR
spectra were recorded in a Perkin Elmer RX-1 FT-IR
spectrophotometer in KBr pellet. Satisfactory analyti-
cal data (C, H, N) were obtained within specification
(± 0.4%) for the new compounds described. Melting
points were determined on a Thomas�Hoover Unimelt
capillary melting point apparatus and were uncorrec-
ted. TLC analysis were carried out with glass plates
coated with Silica gel G (Solvent system CHCl3 � MeOH,
v/v 90 : 10). Purity of the compound synthesised was
further checked with Waters HPLC system at ambient
temperature (m-bondapak C18  steel column, 30 cm x
3.9 mm; isocratic mobile phase acetonitrile-water in
varying proportions (up to 40 : 60) at a flow rate of
1.0 ml/min; UV detection at 250 nm).

1,8-Naphthalic anhydride (Aldrich Chemicals, USA)
was treated with 1,3-diaminopropane as per the lite-
rature procedure [7] to furnish the N-(3-aminopropyl)-
naphthalimide in about 42% yield after purification ; m.pt.
128�1300C (lit.). TLC : RF 0.25. 1HNMR (CDCl3) 1.90
(m, 2H, CH2), 2.77 (t, 2H, CH2N), 4.29 [m, 2H,
CH2N(CO)2)], 7.76 (m, 2H, arom. H), 8.22 (m, 2H,
arom. H), 8.60 (m, 2H, arom. H).

To a clear solution of the above amino compound
(768 mg, 3 mmol) in chloroform (10 ml) 2-chloroethyl-
isocyanate (0.28 ml, 3.3 mmol) was added at a time at
room temperature. A precipitate appeared immediate-
ly. It was stirred further for 3 h. The solid was filtered
and washed with chloroform to furnish the desired ure-
ido product as powder which was further purified by

crystallisation from methanol. Yield  670 mg (62.0%),
m.p. 206�2080C. TLC : RF 0.63. 1HNMR (d6-DMSO)
1.96 (m, 2H, CH2), 3.21 (m, 2H, CH2N), 3.58 (m, 2H,
CH2N), 3.65 (m, 2H, CH2Cl), 4.28 [t, 2H, CH2N(CO)2],
4.78 and 5.32 (t, 2H, 2 x NH), 7.78 (m,2H, arom. H),
8.24 (m,2H, arom H), 8.62 (m,2H, arom H).

To a cooled (00C) solution of the ureido compound
(361 mg, 1 mmol) in formic acid (6 ml) sodium nitrite
solution (75 mg, 1.1 mmol) in water (0.7 ml) was ad-
ded drop wise. After 1 h a solid precipitate began to
appear. It was stirred further for 2 h. The solid was fil-
tered, washed with water, dried and purified by column
chromatography on silica gel (7 g). Elution with chloro-
form followed by repeated crystallization from chloro-
form furnished the desired nitrosoureido compound as
a white solid homogeneous in TLC and HPLC. Yield
230 mg (59% ), m.p. 119�1200C. TLC : RF 0.75. HPLC :
retention time 9.3 min (CH3CN � H2O  v/v 1 : 1). 1HNMR
(CDCl3) 1.90 (m, 2H, CH2), 3.72 (m, 2H, CH2N), 3.82
(m, 2H, CH2N), 3.98 (t, 2H, CH2Cl), 4.17 [t, 2H,
CH2N(CO)2], 7.31 (m,1H, NH), 7.75 (m,2H, arom. H),
8.23 (m,2H, arom H) and 8.60 (m, 2H, arom H).

Determination of chemical alkylating activity.
The procedure described earlier was essentially fol-
lowed [6]. Thus a solution of Napro-NU or N-di
(2-chloroethyl)amine [HN(CH2CH2Cl)2] in different con-
centrations as indicated in acetone (1 ml), distilled wa-
ter (2 ml) and acetate buffer (1 ml, 0.25 M, pH 6.0)
were incubated at 100oC for 20 min with a solution of
4-(4-nitrobenzyl)pyridine  (5% w/v) in acetone (0.4 ml)
and cooled to 250C. After the addition of acetone (2 ml),
EtOAc (5 ml) and sodium hydroxide solution (0.25 M,
1.5 ml), the reaction mixtures were vortexed  and al-
lowed to  stand to separate the organic layers. The ab-

Fig. 1. Structure of Napro-NU and related compounds
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sorbances in the organic layers were immediately de-
termined (within 2 min of NaOH addition) at 540 nm.
The experiments were carried out in triplicate. The re-
sults were expressed in optical density values (mean ±
S.E.M., n = 3 in all cases) (Table 1).

In vivo screening. Closed colony bred Swiss albi-
no male mice (6�7 weeks age, 24 ± 2 g) were obtained
from the Institute�s vivarium and maintained on stan-
dard mouse food and tap water ad libitum. EAC and
S-180 cells received from National Centre for Cell Sci-
ences, Pune, India were used. Tumor cell suspensions
in physiological saline were prepared as described [6]
to final concentrations of 5.0 · 106 cells/ml. Mice were
inoculated with 1.0 · 106 viable cells/mouse in 0.2 ml on
day 0. Mice were divided in two groups as control (un-
treated) and treated. At least 6 animals were used for a
particular group in an experiment. Physiological saline
containing 2% Tween 80 (Sigma Inc, USA) was used
for drug administration in respective doses through in-
traperitoneal (i.p.) route to each animal in treated
groups. The drug solutions were prepared daily just prior
to the injection. The control groups received an equal
volume of above solvent (0.2 ml) on those days. MST
of drug-treated (T) and control (C) tumor bearing ani-
mals was calculated and expressed as T/C MST per-
centage [8]. T/C percentage value > 125 is considered
as significant. Cyclophosphamide and FU were used
as positive controls for comparison.

In vivo toxicological assay. The optimum dose of
50.0 mg/kg was administered in normal and S-180
bearing mice from day 1 to 7. Various parameters were
measured sequentially after 48 h (day 9) for noting im-
mediate effects, after 192 h (day 15) for intermediate
effects and after 336 h (day 21) for late effects. For
hematological studies, blood samples were collected
from tail veins or by cardiac puncture from recently sa-
crificed animals under deep exposure to ether for coun-
ting erythrocytes, thrombocytes or leukocytes in an im-
proved Neubauer bright field counting chamber by stan-
dard procedures using freshly prepared RBC and WBC
counting fluids. Differential counts of leukocytes were
performed by staining the blood smears with Leish-
man�s stain (pH 6.8) and slides were observed under
light microscope. Hemoglobin concentrations were
measured by the standard method. Sera were obtained
from blood samples collected as above. Standard
methods and reagents were used [9] to measure SAKP,
SGOT, SGPT activities and BUN content.

Femoral marrow cells were obtained by a standard
procedure from mice sacrificed as stated above. The
ends of the femur bone were snipped open immedi-
ately thereafter with scissors and the marrow plug was
flushed out by forcefully injecting cold HBSS (Ca++ and

Mg++ free) through the bone cavity by inserting a
22 gauze needle. The marrow plug was dissociated into
single cell suspension by repeatedly passing this sus-
pension through 22 gauze needle and the total volume
was measured. Total number of  nucleated cells per
femur were counted in a hemocytometer after treating
the cells with 2% glacial acetic acid.

After removing from sacrificed mice, the whole
spleen was minced similarly in cold HBSS and the re-
sultant mixture was passed repeatedly through
22 gauze needle to make a single cell suspension. The
total number of nucleated cells in the spleen  was coun-
ted in a hemocytometer after treatment with 2% glacial
acetic acid.

Abbreviations used for groups of mice: NC �
normal control; NT � normal treated; SC � S-180
control; ST � S-180 treated.

In vitro screening in human tumor cell lines.
Napro-NU was screened at Cancer Research Insti-
tute, Mumbai, India, by sulforhodamine-B (SRB) semi-
automated assay [10] in accordance with the protocol
recommended by NCI, USA. The following human
tumor cell lines were used for in vitro screening:
DWD � oral carcinoma, U937� histiocytic lymphoma;
K562 � myelogeneous leukemia, SiHa � cervical car-
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cinoma, 914 181 � prostate carcinoma, and 501 505 �
colon carcinoma. Each compound was tested in tripli-
cate sets of experiments at concentrations 10�4 to 10�7

M. Etoposide, adriamycin and FU have been included
as positive controls in different cell lines as indicated to
ascertain authenticity of the experiment. The IC50 value
< 10�5 M is considered as significant.

Statistical analysis.  Values were recorded as the
mean ± SEM. Experimental results were analyzed by
Student�s t-test.  P < 0.05 was considered as the level
of significance for values obtained for treated groups,
compared with the normal group.

RESULTS
It is hypothesized that there is a correlation between

the chemical alkylating activity and anti-tumor activity

[11]. Chemical alkylating activity of Napro-NU was
shown to exceed that of N-di(2-chloroethyl)amine as
a standard alkylating compound (see Table 1).

The LD50 value of Napro-NU was found to be
> 600.0 mg/kg by single i.p. injection (experiments could
not be carried out at higher doses due to precipitation
of the compound in the solution). The optimum dose
for obtaining maximum survival rate of mice inoculated
with S-180 and treated with Napro-NU was found to
be 50.0 mg/kg for the schedule 1�7 days with maxi-
mum T/C values of 220 (Table 2). Comparable results
with EAC were obtained with this optimum dose (T/C
value of 216, see Table 2). It was found that under simi-
lar treatment schedule and route (days 1�7, i.p.) cyclo-
phosphamide did not display appreciable activity in
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Fig. 2. Sequential changes in hematological parameters, femoral bone marrow and splenic cellularity  in normal and S-180 bearing
mice after treatment with Napro-NU from day 1�7. For designations of the group of mice refer to Abbreviations used for groups of
mice in Materials and Methods section
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S-180 and EAC at the dose levels of 6.0 to 12.0 mg/kg,
while higher doses of cyclophosphamide were toxic for
the animals. On the other hand, FU has also demon-
strated highly significant anticancer activity in these tu-
mor systems having long term survivors (T/C values in
S-180 and EAC are 233 and 238 respectively, see
Table 2).

To study the hematological changes associated with
drug application hemoglobin level, RBC, WBC (total and
differential) and platelet counts were determined in the
peripheral blood of NT, ST and SC groups. Femoral bone
marrow and splenic cellularity was also determined. The
detailed data obtained for each parameter in these
groups are given in Fig. 2 as the percentage of the con-
trol values [Hemoglobin � 14.5 mg/dl; RBC �
7.7 · 106/ml; WBC � 8.2 · 103 /ml; platelets � 6.9 · 105/ml;
femoral bone marrow cell count � 12.2 · 106/ml; splenic
cell count � 15.2 · 107 /ml] obtained for NC mice.  The
data demonstrate about 15% decrease in the hemoglo-
bin levels in particularly in ST group on day 9 which grad-
ually tended to reach NC value later on. RBC counts in
NT and ST groups fully corroborated the above obser-
vation as these parameters fell by 16�18% on day 9
reaching NC value by day 21.

There was no significant decrease or increase in
total WBC count in any of the treated groups up to day
21 (see Fig. 2). Differential counts of leukocytes in pe-
ripheral blood smears of S-180 control mice showed a
shift from lymphocytosis noted in normal mice to a neu-
trophilia of approximately 70�75% in accordance with
earlier observations. Thus we have found the reversal
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of lymphoid�myeloid ratio from approximately 3 : 1 for
normal mice to approximately 1 : 3 in SC mice. It was
found that in the treated groups the lymphoid�myeloid
ratio was in the range of (64�66% : 28�30%) which
was close to that of NC ratio (71% : 23%) (data not
presented).

Platelet counts showed that neither thrombocytosis
nor thrombocytopenia occurred in the treated groups

Fig. 3. Sequential changes in biochemical parameters in normal and S-180 bearing mice after treatment with Napro-NU from day 1�7
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except slight decrease (12%) observed initially in ST
group on day 9. It is evident that thrombocytosis  had
occurred in SC group during the progression of tumor.

The slight decrease (19%) in the femoral marrow
cell count was found out particularly in ST group, which
persisted till day 15. Recovery from the bone marrow
suppression was noted within 2 weeks post drug the-
rapy in ST group. During this period, gradual decrease
in this cellularity was observed in SC group (see Fig. 2).

Hyposplenic cellularity more prounced in NT group
(decrease by 20%) was noted on day 9. Gradual in-
crease in the splenic cellularity was observed in these
groups and the normal count was attained within day
15�21. The average spleen weights recorded in NT and
ST groups, however, did not exhibit any distinct change.
Upon increasing tumor burden splenomegaly has been
observed in SC group.

In order to evaluate the drug-induced hepatotoxicity
and nephrotoxicity, SAKP, SGPT, SGOT, and BUN va-
lues obtained for the treated groups were compared with
those of NC mice (Fig. 3). It is worth noting that all the
values remained within normal range in the treated groups.

At the optimum dose range of Napro-NU no signi-
ficant depression in body weight of treated animals was
noted.   Toxic symptoms were not externally observed
in animals in general appearance, with respect to skin
and hair texture and normal behavioral patterns.

Napro-NU has not exhibited cytotoxic effects in vitro
against several human tumor cell lines used as IC50

values < 10�5 M were not reached except in 914 181
colon carcinoma line where borderline activity was noted
(Table 3). However, it is interesting to note that at the
highest molar drug concentration of 10�4 M Napro-NU
has exhibited comparable cytotoxicity with etoposide
and adriamycin in the former four cell lines while in the
latter two cell lines, namely 914 181 prostatic carcino-
ma and 501 505 colon carcinoma, it has exhibited even
better cytotoxicity than FU and comparable activity with
that of adriamycin.

DISCUSSION
After evaluating the anticancer efficacy of Napro-NU

by MST study, total ascite cell count and ascitic fluid
volume were also assessed with the optimum dose of
the drug (data not presented). It was found that the highly
significant  (P < 0.001) inhibition of tumor growth was in
full agreement with the excellent T/C values obtained
(see Table 2). It is also noteworthy that Napro-NU has
displayed curative effects in different schedules with 2-4
of 6 animals having survival rates of > 60 days.

In order to simulate a clinical situation where a can-
cer chemotherapeutic agent is often used at an ad-
vanced stage of the disease, the efficacy of Napro-NU
was evaluated at different doses in mice bearing S-180
and EAC for 5 days and 10 days before the drug chal-
lenge. It is interesting to note that the T/C values of 172
and 163 with 2 of 6 mice survived were obtained in the
respective groups bearing highly advanced tumors (see
Table 2).

It was found that in these two tumors Napro-NU
has shown greater anticancer activities than cyclophos-

phamide. Meanwhile cyclophosphamide differs from
other compounds requiring a multistep activation [13].
It is also worthy to note that it has displayed a compa-
rable T/C value with FU.

Growth of the experimental tumors is known to be
accompanied with the gradual decrease in hemoglo-
bin content, RBC count and bone marrow cellularity,
the gradual increase in leukocytes and  thrombocytes
and splenic cellularity and the reversal of lymphoid�
myeloid ratio in the differential WBC count [12]. Diffe-
rent parameters sequentially measured in the ST group
reflected almost similar picture of NC mice. The slight
initial decreases in respect of various parameter counts
in the treated groups were soon elevated to the normal
range within day 21. It was also evident that neither
leukocytosis and thrombocytosis nor leukopenia and
thrombocytopenia occured in ST group. Hence the re-
sults indicate that Napro-NU at the optimum dose did
not adversely affect hematopoiesis.

It is well known that liver disorders as well as hepa-
tocellular damages caused by a number of agents are
accompanied by the significant increase in SAKP and
SGPT levels [9]. An increase in SGOT level is also ob-
served in patients with cardiac damage due to myo-
cardial infarction and with liver disorders. An increase
in BUN level is noted [9] in cases of renal diseases and
damage (BUN level > 30.0 mg/dl is considered signi-
ficant for toxicity).  Since the  values remained within
the normal range in treated group, Napro-NU has not
displayed hepatotoxicity or nephrotoxicity.

In vitro screening negative results do not exclude
possible anticancer activity of Napro-NU in other cell
lines and necessity of in vivo activation leading to the
active metabolites.
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