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Metastasis is the major impediment to successful eradication of cancer. Therefore, development of
antimetastatic agents is of prime importancé.The present investigation is a modest step in that direc-
tion. Nicotinic acld is one of the products of nicotinamide hydrolysis by proteases and has been shown
along with the parent compound (nicotinamide) to possess anticarcinogenic property.Therefore, it was
interesting to find out whether it had any antimetastatic properties also.These studies have been done
in a well standardised experimental metastasis model viz. B16F10 melanoma. Our results clearly dem-
onstrates that at a dose level of 150 mg/kg on 1 through 9 schedule, there was a significant decrease in
lung metastasis. Considering the fact that nicotinic acid is a dietary constituent related to vit. B, (nicoti-
namide), these results suggest that nicotinic acid could be used as an antimetastatic agent alongwith
cytotoxic anticancer drug treatment in the therapy of human cancers.

The metastatic cascade comprises of several suc-
cessive steps which begins with loss of cell-cell adhe-
sion and ends with metastatic spread to distant organs'.
Despite the evidences for specificity in metastatic de-
velopment, metastasis is an inefficient process and may
depend to some extent on random survival factors asso-
ciated with traversing the metastatic cascade. Since,
metastasis is a mulli step process, each of the step pro-
vides a target which when manipulated can results in the
arrest of the remaining steps of the cascade? Therefore,
literature abounds with experimental evidence where in-
hibition of one of the key step of the metastatic cascade
can arrest metastasis®. Adhesion of the metastatic cell
to the distant organ is one such key step. Our earlier
studies on pentoxifylline, a microfilament depolymerising
agent with hemorrheological properties using a B16F10
melanoma model showed that metastatic spread could
be arrested successfully®. Recently dietary constituents
such as vitamins have been recommended as a new strat-
egy for cancer control58, Nicotinamide has been shown
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to 'prevent pellagra and esopha{geal cancersS, It has also
been well documented as a blood flow modifieré. Several
reports indicate the role of nicotinamide as tumor
radiosensitizer on account of its ability to improve blood
perfusion and thus oxygenation’#, Nicotinic acid, the pro-
teolytic product of nicotinamide has also been shown to
have anticancer properties. Nicotinamide brings about
cell deformability by unknown mechanism, probably re-
lated to actin microfilament depolymerization which in
turn decreases cellular adhesion to basement membrane
as in the case of pentoxifylline*®1,

In the present study, we have investigated the ac-
tion of nicotinic acid in vitro on adhesion and recovery
effect and in vivo on lung homing of B16F10 melanoma
cells in DBA/2 mice.

MATERIALS AND METHODS

Nicotinic acid (Niacin, Pyridina-3-carboxylic acid),
anhydrous Mol. wt. 123.1 (No. N-4126) was obtained from
Sigma Chemical Co. MO, U.S.A. Iscove’s Modified
Dulbecco’s Medium (IMDM) was reconstituted from
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powdered media from GIBCO, USA.Heat inactivated Fetal
Bovine Serum (Mexican) was used from GIBCO, U.S.A.
the complete medium of IMDM with 10% serum was pre-
pared containing penicillin and streptomycin for in vitro
studies.

Animals:

Six to eight weeks old," inbred DBA/2 pathogen free
male and female,mi'c’:e were obtained from the animal
house, Cancer Research Institute, Mumbai (India).

Enrichment of B16F10 melanoma from B16F1
melanoma cells:

The B16F1 melanoma cell line was obtained from
the National Centre for Cell Science, Pune, India. The
cells were maintained in IMDM with 10% fetal calf se-
rum: The cells were detached with saline-EDTA in phos-
phate buffered saline (PBS) and the cell count was ad-
justed to 1x10° cells/ml in PBS. The cells were inocu-
lated by intravenous route in mice and the mice were
sacrificed after 20 days. Pulmonary nodules from lung
were picked up aseptically and were cultured in vitro. This
process of alternate in vitro and in vivo cultivation was
continued till ten passages. Thus enriched population of
B16F10 melanoma cells were obtained after ten passages
as shown by Fidler.

In vitro adhesion assay on treatment with nicotinic
acid:

B16F10 melanoma cells were harvested using sa-
line-EDTA. The cells were suspended in plain IMDM and
washed free of saline EDTA. Cell count was adjusted to
1x10* per petri dish. The volume of nicetinic acid was

adjusted to final concentration 100 uM. The petri dishes-

were incubated at 37° for 2 h. The cells adhered to sur-
face of plastic surface were carefully fixed with metha-
nol'and carefully washed with PBS to remove traces of
methano! without losing adhered cells. Cells were stained
with haematoxylin and adhered cells were counted under
microscope.,

Effect of in vitro treatment of B16F10 cells with
nicotinic acid on the lung homing activity:

B16F10 cells were harvest from culture plates using
saline EDTA in PBS. The viability was assessed by Trypan
blue exclusion. The cell suspension was acjusted to 1x10¢
cells in IMDM and nicotinic acid was added to cell sus-
pension to make final concentration to 100 uM. The cells
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were incubated for 2h and were washed twice with phos-
phate buffered saline (PBS). The treated cells (1x10° cells
in 0.1 ml of PBS) were implanted in DBA/2 mice by intra-
venous route. The animals were sacrificed on day 20 and
lung nodules on the surface of lung were counted after
fixing in Bouin’s fluid.

The washed cells which were exposed to NA for 2 h
were resuspended in IMDM and recovery study was car-
ried out till 4 h. The animals were inoculated with tumor
cells as explained above. The animals were sacrificed
and lung colcnies were counted as described above*.

In vivo treatment with nicotinic acid on day 1,5,9, day
1 through 9 and on day 1 and 2 and its effect on pul-
monary lung metastasis:

a. The B16F10 cells were harvested using saline
EDTA and were suspended in PBS. The cells were in-
jected by intravenous (i.v.) route in DBA/2 mice as de-
scribed above. The NA treatment of dose (100 mg/kg)
was carried out by intraperitoneal (i.p.) route on day 1,5,9
schedule and on day 1 through 9.

b. The higher dose (150 mg/kg) was tested for 1
through 8 schedule. Similarly NA (100 mg/kg) was used
for i.v. route administration?,

The lungs fixed in Bouin’s fluid from respective ex-
perimental groups were processed for histological exami-
nations. To process for light microscopic studies, 5um
thick paraffin sections were cut and stained with haema-
toxylin and eosin.

Statistical Analysis:

Statistical analysis was performed by Student’s ‘t’
test at level of significance p< 0.01.

RESULTS AND DISCISSION

An important objective in cancer research is to in-
vestigate new ways to control metastases. Recent de-
velopments in molecular bioclogy have provided several
candidates as targets of therapy such as oncogenes',

" the matrix metalloproteases® and adhesion molecules®™.

We have shown earlier that pentoxifylline, a xanthine

‘compound with rheological properties acts via

deépolymerisation of actin microfilament and brings about
significant decrease in metastasis of B16F10 in to lung,
in an experimental metastatic model*. Nicotinic acid has
vasodialatory action and may function similar to
pentoxifylline. Grassetti** reported that sulphur contain-
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Table 1 - Effect of nicotinic acid (100 uM) on adhesion of B16F10 melanoma cells in vitro ‘

Cell Number

Percent Cells

Cells plated
per plate counted/field adhered/10* cells with
. [MeantS.E, n=3] respect to control
{100 %)
Untreated control 1x104 110.7+21.20 —_
Treatment with 1x104 116.3£5.262 5.05

nicotinic acid 100
1M for two hours.

a = N.S. (non-significant)

Table 2 - Effect of in vitro treatment of B16F10 melanoma cells with nicotinic acid to show
percent inhibition in lung metastasis

Group No. of mice No. of lung colonies Percent decrease
bearing lung per 1x10° cells in lung nodules
colonies/no.of {MeansS,E, n=3] with respect to
mice tested control (100%)

Zero h control. 3/3 81.66+6.58% —_

Untreated control (2 h 3/3 78.00+3.75 449

exposure)

100 uM Nicotinic acid 3/3 16.07+1.22° 80.41

treated cells. (2 h exposure) '

Recovery experiment

Untreated control after 2 3/3 80.66+0.87 —

hrs. (total 4 h) )

Nicotinic acid treated 3/3 11.66+2.49* 85.79*

recovery after 4 h

(total 4 h)

a = Values expressed as MeantS.E,,  *b = P<0.01

ing analogs of nicotinamide could retard the pulmonary
metastatic nodules by more than five fold in Lewis Lung
carcinoma tumor model. Therefore, we were prompted to
study the effect of nicotinic acid on B16F10 melanoma
metastasis in to lung. Meanwhile, there are many reports
in which nicotinic acid, nicotinamide and related aromatic
amines have been shown to possess anticarcinogenic
property's. Defficiency of NA could lead to reduced NAD
levels responsible for causing carcinogenesis's,
Deamidation of nicotinamide to nicotinic acid could stimu-
late the formation of prostaglandins, causing alteration
in lipid metabolism",
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The results of the adhesion assay demonstrated that
nicotinic acid treatment in vitro does not affect adhesion
of B16F10 melanoma cells to tissue culture plastic sur-
face (Table 1). The concentration used was 100 pM for 2
h, which was non toxic. However, when these cells were
transplanted in to mice, intravenously, they failed to form
lung metastatic nodules as efficiently in comparison to
untreated control. Recovery experiments did not show
any reversal (Table 2). Results reported in this paper sug-
gest that the effect of NA on B16F10 is not through cell
adhesion mechanism as was shown by us for
pentoxyfylline!. When nicotinic acid was injected
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Table 3 - Effect of nicotinic acid treatment (100 mg/kg) on day 1, 5, 9 and day 1 through day 9 by
intraperitonial route administered on lung metastasis

Group No. of mice No. of lung Percent decrease
bearing lung colonies/1 x 10° cells® in lung nodule
colonies/no.of [MeanzS.E, n=3] with respect to
mice tested control (100%)

Untreated control 4/4 80.00+4.172 ‘ —_

Nicotinic acid 4/4 65.75+2.51(N.S.)° 17.81°

treatment on day 1, 5,

9 schedule.

Nicotinic acid 4/4 79.00+6.57(N.S.)° 128"

treatment on day 1
through day 9
schedule

a = Values expressed as MeanS.E.
b = N.S. (Non-significant)

Fig. 1: Section of lung showing diffuse microtumor with
pigment (arrow) around the blood vessel (b.v.) x 78

intraperitoneally after the tumor cells were transplanted
into mice, in 1, 5, 9 day scheduie, no significant de-
crease in lung colonies was observed. This suggest that
prior exposure of B16F10 cells to nicotinic acid in vitro is
needed for colony inhibition. This could be due to insuffi-
cient level of nicotinic acid in blood when the intraperito-
neal route is used (table 3 ). However, tissue section of
lung demonstrated changes in lung histology and ulti-
mately in lung metastatic pattern. When compared to
untreated control (Fig. 1), treatment with NA on both the
schedules showed increased number of small and large
tumor islands with pigment (Fig. 2). However, the only
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Fig. 2 : Section of lung shows number of small (arrow-
head) and large (arrow) tumor islands with pigment x 100

difference was that the infiltration of tumor was found in "
the entire wall of the large blood vessel but not the en-

. dothelium on day 1,5,9 treatment (Fig. 3), while infiltra-

tion of tumor could be demonstrated in the bronchiole
wall but not the epithelial layer of the bronchiole (Fig. 4.).
Treatment with NA at a dose of 150 mg/kg by i.p. route
showed similar histological features of lung as described
above (Table 3). Treatment with 100 mg/kg by the i.v.
route resulted in small tumour islands near the bronchiolar
periphery which penetrated the musculature of blood
vessle. We found inhibition of pulmonary metastasis in
i.v. administration (Table 4) when compared with i.p.
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Fig. 3 : Tumor island infiltrated entire wall (arrowhead)
of the large blood vessel (b.v.) but not the endothelium
(arrow) x 78

Fig. 4 :Tumor cell infiltration in the bronchiole wall
(arrow) but not the epithelial layer (arrowhead) of the
bronchiole. x 100

Table 4 - Effect of nicotinic acid treatment on B16F10 lung metastasis.

Group

No. of mice No. of lung colonies Percent decrease
bearing lung per 1 x 10°cells in lung nodules
colonies/no.of [MeansS.E, n=3] with respect to
mice tested control (100%)

Untreated Control 4/4 150.25+4.72 —

_Nicotinic acid (150 4/4 17+£12.13 88.69*

mg/kg) treatment by

intraperitoneal route on

day 1 through 9

Nicotinic acid (100 4/4 49.75+13.72 66.89

mg/kg) treatment by (N.S.)

intravenous route on day
1 and 2 schedule

*a=P<0.01

administration (Table 5). These observations suggest that
availability of nicotinic acid in the i.v. route is higher as
compared to the i.p. route, which requires absorption
through the peritoneal wall. It has been reported that
under similar conditions nicotinamide showed plasma half
life of 2-3 h. in mouse and peak plasma level within 20

NA in decreasing pulmonary homing of B16F10
melanoma is of particular importance in metastasis. Fur-
ther experiments will be required to understand the mecha-
nism of lung homing inhibition of B16F10 by nicotina-
mide.
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