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　　Abstract　　The aim of this study was to evaluate the ef fect s of niacin in diet on the expression of nit ric oxide syn thase(NOS)in rat

lungs of the animal model of silicosi s establi shed by direct t racheal instillat ion of silica particles into rat lungs surgically.The niacin concen-

t rat ion in serum w as analyzed by high performance liquid chromatography(HPLC).The expression of inducible nit ric oxide synthase(iN-
OS)protein in paraff in-embedded lung sections w as determined by streptavidin/ peroxidase(SP)staining.Quantitat ive analysis by Im age-

Pro Plus w as also performed on the expression of iNOS.The result s show ed that niacin concent ration in serum of the niacin-t reated rat s

w as signi ficantly higher than that in the cont rol and silica-t reated rat s.After 7 days of silica inst illation , iNOS integrated opt ical density

(IOD)in rat lungs and total NOS and iNOS act ivit ies in bronchoalveolar lavage f luid(BALF)in silica-t reated rat s rose by 273420.75 ,

2.61 unit s/mL and 1.89 unit s/mL respect ively , when compared w ith those in the cont rol rats.Niacin treatment significantly reduced si li-
ca-induced iNOS IOD in rat lung tissues and total NOS and iNOS activities in BALF supernatant by 248292.35 , 1.50 uni ts/mL and 0.91

unit s/mL , respectively , as compared w ith those in si li ca-treated rat s.Therefore , niacin can ef fectively at tenuate the pathological exp res-
sion of NOS in rat lung t issues induced by silica part icles.
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　　Now adays , major medicines for the prevention

and treatment of silicosis in China include

polyviny lpy ridine-N-oxide , piperaquine phosphate ,
quincoly l piperazine hydroxy phosphate , hanfangchin
A , aluminium cit rate , Xinin and some traditional

Chinese medicines wi th the therapeutic effects such as

blocking and delaying of the pathological process , but
the improvement on X-ray images is not satisfactory.
Most patients receiving clinical t reatment are at the

stages of Ⅱ and Ⅲ , but it is urgent for the 70%pa-
tients at stage Ⅰ to receive early t reatment , so it is

essential to develop and manufacture highly effective

medicines w ith low toxicity against silicosis[ 1] .
Niacin , including nicotinic acid and nico tinamide ,
part icipates in the composition of elect ron transport

chain and a great many metabolic responses in the

form of nicotinamide adenine dinucleo tide(NAD , en-
zopride)and nicotinamide adenine dinucleotide phos-
phate NADP+(nadide phosphate)in vivo

[ 2 , 3] .Pre-
vious studies suggested that supplementation of niacin

in diet can effectively prevent lung damage and pul-
monary fibrosis induced by bleomycin[ 4] and its mech-
anism may be the inhibitory ef fect of niacin on the

bleomycin-induced nit ric oxide(NO)production[ 5] .

Nitric o xide synthase(NOS), cataly zing L-arginine
and oxygen molecules to produce NO , includes neu-
ronal NOS(nNOS), endothelial NOS(eNOS)and in-
ducible NOS(iNOS)

[ 6]
.A large number of repo rts

have demonst rated that reactive nit rogen free radical

NO is involved in the early process of inflammatory

reaction of silicosis and is closely associated w ith the

fo rmation of pulmonary fibrosis[ 7] .In this study , we
investigated the effects of niacin on NOS expression

in the early process of inflammatory lung damage in

rats exposed to silica using tissue microarray technolo-
gy.

1　Materials and methods

1.1　Materials

A total of 144 Wistar rats (both genders),
weighing 200 ～ 240 g each , were provided by Experi-
mental Animal Center , Academy of Military M edical

Science.

Silicon dioxide was purchased from Sigma Chem-
ical Co.w ith 99% puri ty and size of 1 ～ 5 μm for

80%particles;Niacin (nicotinic acid , niacin , Vita-



min B5)with purity >99.5% was purchased from

Sanland International Inc.;0.1% polylysine and

rabbit anti-rat iNOS ant ibody was purchased from

Santa Cruz Biotechnology , Inc.;SP Test Kit w as

purchased from Beijing Zhong shan Biotechnolgy Co.
Ltd.;and the total NOS and iNOS Test Kit was pur-
chased from Nanjing Jiancheng Bioengineering Insti-
tute.

1.2　Methods

1.2.1　Establishment of the animal model　　Rats

w ere anesthetized by intraperi toneal injection of

0.3% pentobarbital , and then tracheas of the rats

w ere exposed under sterile conditions.Silicon suspen-
sion of 1 mL at the concentration of 50mg/mL (pre-
pared using 0.9%NaCl solution and SiO2 , 8000 U/
mL benzylpenicillin added before use for the purpose

of prevention f rom pulmonary infection), was slowly

injected into the t racheas and then the skin w as sew n

up and sterilized.The control group was t reated in

the same w ay but injection of 1 mL sterilized saline

instead.After the operation , rats in both groups were

fed with common forage.The rats in the niacin-t reat-
ed group w ere fed with forage containing 2.5%
niacin(w t/w t)3 days before the operation day.

1.2.2　Collection of samples and detection of iNOS

and NOS　　After establishment of the animal mod-
el , 8 rats w ere selected f rom each group and sacrificed

on day 1 , 3 , 7 , 14 , 21 and 28 , respectively .Rat
blood was collected f rom the abdominal ao rta for the

preparat ion of plasma by high performance liquid

chromatography.Bronchoalveolar lavage liquid w as

collected by injecting 2 mL sterilized saline at 37 ℃
into the lungs and drawing out the liquid af ter an in-
terval of 30 s until 5 mL bronchoalveolar lavage liquid

w as harvested.The bronchoalveolar lavage liquid w as

centrifuged at 1500 r/min and at 4 ℃ for 10 min and

the supernatant was collected.The concentrations of

iNOS and NOS in the bronchoalveolar lavage liquid

w ere determined using iNOS and NOS test kit s fol-
lowing the manufacturer' s instructions.

1.2.3　Histological observation　　After the bron-
choalveolar lavage operation , the lef t lobe of the lungs

w as collected and fixed in 10% neutral buffered

formaldehyde solution.The tissue sections w ere made

acco rding to the methods of Zhang et al.[ 8] .A to tal

of 50 samples w ith 1.6 mm in diameter w ere placed

on each biochip of 5μm in thickness.The iNOS ex-
pression w as determined using immunohistochemical

SP method acco rding to the directions of the test kit.
The fi rst antibody w as rabbit anti-rat iNOS(diluted to

1∶200), and phosphate-buffered saline(PBS)in place

of the fi rst antibody served as the negative control.
The iNOS expression in pulmonary tissues w as ob-
served by a Nikon Eclipse E800 microscope.Five vi-
sion fields on each slice w ere selected for images taken

by a WV-CP240/G Panasonic colour CCTV camera.
Quant itative analy sis of iNOS expression w as per-
formed using an Image-Pro Plus Image Analy sis Sy s-
tem.The integ ral optical density of the posit ive cells

w as used to represent iNOS expression[ 9] .

1.2.4 　Statistical analysis 　　All values were ex-
pressed by  x ±s.Comparison of the 3 g roups at dif-
ferent time points w as conducted using LSD method

of one-factor analysis of variance.The minimum

standard of significant difference w as represented as

p <0.05.Statistical processing of all data w as per-
formed by SPSS11.5 sof tw are.

2　Results

2.1　Effects of niacin on iNOS expression in rat pul-
monary t issues exposed to silica

Plate I show s the immunochemical staining of

the lung tissues of the rats with dif ferent t reatments.

The figures demonst rated that on the same day

of the operation , no expression of iNOS in the lungs

of the control rats w as observed (a), while in silica-
t reated rats , iNOS started to express in alveolar

macrophages(b), and in niacin-t reated group , iNOS

expression could be observed in a few phagocytes(c).
One week after the operation , a st rong iNOS expres-
sion in a large number of aggregated macrophages and

neutrophils in pulmonary tissues of silica-t reated rats

w as observed(e)with a lower level of iNOS expres-
sion in the agg regated macrophages in lungs of niacin-
t reated rats(f).Tw o weeks af ter the operation , sili-
ca-t reated g roup showed that the number of phgocy tes

expressing iNOS became smaller in the pulmonary tis-
sues(h)and niacin-t reated g roup remained at a low

level of iNOS expression as compared w ith that in sil-
ica-t reated group (i).Four weeks af ter the opera-
tion , we could see that w eak iNOS expression in a

few cells in pulmonary t issues of silica-treated rats re-
mained(k)and niacin-t reated group had almost no i-
NOS expression in thei r pulmonary tissues(l).These
results demonstrated that niacin could regulate the ex-
pression of iNOS in the lung tissues of silica-t reated
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rats , and reduce the damage caused by silica.

2.2　Plasma niacin content in rats exposed to silica

Table 1 gives the plasma niacin content in rats of

different groups.According to the table , we can see

that concentration of plasma niacin in niacin-t reated
g roup is signif icantly higher than that in the o ther

two groups.

Table 1.　Changes of plasma niacin in rat s exposed to sili ca at dif ferent time points(μg/mL , x±s)

Group Day 1 Day 3 Day 7 Day 14 Day 21 Day 28

Con trol 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Si lica 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Niacin

　
5.9464

±6.5815＊#
17.422

±6.9989＊＊##
21.398

±5.0306＊＊##
16.0910

±6.5388＊＊##
4.4143

±2.8593＊＊##
7.1305

±5.0931＊＊##

　　＊ p<0.05 vs cont rol;＊＊ p<0.01 vs cont rol;# p<0.01 vs silica-t reated group;## p<0.01 vs silica-treated group.

2.3　Effects of niacin on the integral optical density

of iNOS positive cells in rat pulmonary t issues ex-
posed to silica

Table 2 gives the measured integ ral density of i-
NOS in rat lungs of different groups.Compared with

the control g roup , the integral density of iNOS in sil-
ica-treated g roup increased from day 1 and peaked on

day 7(increased by nearly 1 fold), then recovered to

the no rmal level on day 14.Significant difference w as

found on day 3 and day 7.However , f rom day 21 to

day 28 , the integral density of iNOS in silica-t reated
g roup w as lower than that in the control group and

significant significance was found on day 28.The in-
tegral density of iNOS in niacin-treated group in-
creased to a lesser extent than that in silica-t reated
g roup , and no significant dif ference w as found be-
tw een the two g roups.On day 28 , the integral densi-
ty of iNOS in niacin-t reated g roup w as significantly

low er than that in the control g roup.The results sug-
gest that niacin has a protective effect on the preven-
tion of damage f rom silica.

Table 2.　Ef fects of niacin on the integral density of iNOS in rat pulmonary tissues exposed to sili ca at dif ferent time points( x±s)

Group Day 1 Day 3 Day 7 Day 14 Day 21 Day 28

Cont rol

　
226510.13
±116633.59

159508.87
±92644.36

234437.04
±49054.53

217118.50
±59052.01

286096.47
±46527.45

287268.65
±51114.47

Silicon

　
241300.70
±81884.38

306878.39

±131103.68＊
507857.79

±292943.94＊
237763.88
±104300.47

214361.98
±61830.54

176429.17

±46965.45＊＊

Niacin

　
237358.26
±66564.99

234504.08
±35595.24

259565.44

±44674.88#
275391.51
±97110.89

211910.08
±68454.70

144772.82

±35869.28＊＊

　　＊ p<0.05 vs cont rol group;＊＊ p<0.01 vs cont rol group;# p<0.05 vs sili ca-treated group.

2.4　Effects of niacin on the BALF iNOS activity in

rats exposed to silica at dif ferent t ime points

In the BALF of silica-t reated g roup , iNOS activ-
ity increased f rom day 1 and peaked on day 7.iNOS

activi ty in BALF increased by 2- and 5- fold compared

w ith that in the control group.From day 14 , iNOS

activity in BALF in silica-treated g roup reduced or

even w as lower than that of the control group , but no
significant dif ference w as found , while iNOS activity

in BALF of niacin-treated g roup was higher than that

of the control g roup w ith statist ical significance

(Table 3).

Table 3.　Ef fect s of niacin on the BALF iNOS activity in rats exposed to silica(U/mL ,  x ±s)

G roup Day 1 Day 3 Day 7 Day 14 Day 21 Day 28

Cont rol 0.45±0.38 0.49±0.62 0.36±0.25 0.40±0.34 0.51±0.57 0.39±0.29

Silicon 0.62±0.54 1.35±0.23＊ 2.25±1.23＊＊ 1.32±0.59＊＊ 0.60±0.46 0.33±0.34

Niacin 0.51±0.22 1.14±0.75 1.34±0.27＊# 1.55±0.67＊＊ 1.20±0.79＊ 0.34±0.55

　　＊ p<0.05 vs the cont rol g roup;＊＊ p<0.01 vs the control group;# p<0.05 vs the silica-treated group.

2.5　Effects of niacin on total NOS activity in BALF

of rats exposed to silica

Table 4 demonst rates the total NOS activity in

BALF of rats in different groups.Compared w ith the

control g roup , the total NOS activity in BALF in sili-
ca-t reated group began to increase on day 1 and kept

increasing until day 7.From day 21 , the total NOS
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activi ty in BALF in silica-t reated group became low er

than that of the control group , but no significant dif-
ference w as found.For niacin-treated group , it shows

a higher NOS activi ty than that of the control g roup

fo r the f irst 21 days , and a lower NOS activity than

that of the silica-t reated group for 28 day s.

Table 4.　Effects of niacin on total NOS activity in BALF of rats exposed to silica at di fferent t ime points(U/mL ,  x ±s)

Group Day 1 Day 3 Day 7 Day 14 Day 21 Day 28

Cont rol 1.85±0.24 1.52±0.67 1.20±0.35 1.42±0.40 1.90±0.57 1.54±0.86

Silicon 3.28±1.53＊ 3.57±0.89＊＊ 3.81±1.37＊＊ 3.61±0.94＊＊ 1.86±0.74 1.52±0.89

Niacin 2.52±0.80 2.55±0.59＊# 2.31±0.61＊## 2.83±1.05## 2.14±1.06 1.10±0.52

　　＊ p<0.05 vs cont rol group;＊＊ p<0.01 vs cont rol group;# p<0.05 vs sili ca-treated group;## p<0.01 vs control group.

3　Discussion

This study proved that niacin has a dual effect on

the expressions of iNOS and NOS induced by silica.
Niacin has an inhibitory ef fect on the excessive in-
crease of NOS at the early stage of exposure to silica

(14 day s), and has a promo ting effect of increasing

NOS at the later stage of exposure to silica (14 ～ 28

days).This protective effect is beneficial to the or-
ganisms susceptible to the damage caused by silica.

The mechanism of the inhibitory ef fect of niacin

on the production of iNOS may be that niacin inhibits

the activation of nuclear factor-kappa B(NF-κB)[ 5] .
NF-κB act ivity is closely associated with NO produc-
tion of pneumocytes induced by silica.NO production

from NOS induced by silica dust is regulated at multi-
ple levels , including t ranscription , post-transcription
and post-t ranslation levels[ 10] .At transcription level ,
NF-κB participates in the expression of iNOS gene.
There is a binding site at 5′end of iNOS gene.In
cells at resting state , NF-κB is located in the cy to-
plasm and binds to inhibitory proteins IκBα, IκBβ ,
p105 and p100 , so NF-κB is in an inactivated state.
When cells are stimulated , the inhibi tory proteins are

deg raded by the protease , and then activated NF-κB
enters the nucleus and binds to the specific site of iN-
OS gene and hence the gene t ranscription is con-
trolled[ 11 , 12] .

Niacin can inhibi t NOS expression , and more

importantly , it can inhibit the damage effect of NO.
Ogata et al.[ 13] studied the activity of niacin-related
compounds to clear f ree radicals by elect ron spin reso-
nance and found that nicotinic acid hydrazide and

isonicot inic acid hydrazide could clear NO free radi-
cals.Excessive release of NO can result in DNA break

and the f ragment of DNA chain can further activate

ribozyme-poly-ADP-ribose polymerase(PARP) that

part icipates in the repair of DNA damage.NAD is the

subst rate of PARP , but excessive production of

PART can evacuate NAD stored in tissues , which re-

sults in evacuat ion of ATP and cell death[ 14 ,15] .
Niacin , the precursor of NAD , can increase or keep

the int racellular NAD and ATP levels in lung t issues

and can inhibit the evacuation of NAD[ 16 ,17] , but it s
participation in poly-ADP-ribose react ion in the form

of NAD
+
cofactor is helpful to the repair of broken

fragment of DNA chain[ 18] .Effect of high dose of

nico tinamide on the ADP-ribose reaction of pancreatic

β-cells , immunocy tes and endo thelial cells can change

the cell death pathw ay and patterns of gene expres-
sion , which is helpful to the survival of β-cells and

maintenance of immunologic balance[ 19] .The above-
mentioned results prove that niacin inhibits tissue

damage caused by NO through increasing NAD level

in tissues and af fecting int racellular ADP-ribose reac-
tion.

Our study found that supplementation of niacin

in foods can at tenuate lung t issue damages caused by

silica through increasing niacin concentration in plas-
ma and regulating the appropriate silica-induced NOS

expression in lung tissues.
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