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Inhibitory effect of aminoguanidine on bleomycin-induced

pulmonary toxicity in rat
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ABSTRACT

AIM.: To observe the inhibitory effect of aminoguanidin
(AG) on the pulmonary toxicity induced by bleomycin
A;(BLM-A;) in rat. METHODS: The contents of hy-
droxyproline, nitrite/nitrate (NOs /NO; ), and malondi-
aldehyde (MDA ), which reflect fibrosis, nitric oxide
(NO) production, and hyperoxidative injury of lung,
were investigated by colorimetry. Histologic and mor-
phometric examination of lung was also carried out on
histological sections stained with hematoxylin and eosin
(HE). RESULTS: (1) The content of hydroxyproline
in lung and MDA in out-going pulmonary blood (OPB)
increased from 14 d to 30 d after intratracheal administra-
tion of BLM-A;. Collapsed alveoli and fibrotic areas
were seen and a lot of fibroblasts appeared in the lung in-
terstitum of the rats 30 d after BLM-A;. (2) The NO; /
NO; content increased in supematant of alveolar macro-
phage culture and in OPB. (3) The increment of
hydroxyproline in lung and MDA in OFB induced by
BLM-A; was alleviated by aminoguanidine (AG, 20 mg-
kg~t-d™!, ip). AG also reduced the histologic and
morphometric changes in lung interstiim.  (4) The aug-
ment of NO; /NOy in OPB was blocked by AG. CON-
CLUSION:; AG had inhibitory effect on pulmonary in-
jury and fibrosis induced by BLM-As, and the inhibitory
effect was related to the decrease of NO production in
lang.

INTRODUCTION
Bleomycin-induced pulmenary toxicity involved pul-
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monary inflammatory injury and fibrosis. Despite the
high efficiency of bleomycin-As ( BLM-A; ) as a
chemotherapeutic agent against various carcinomas, the
pulmonary toxicity, especially the potentially lethal and
chronic fibrotic response of the lung, is a major dose-
limiting side effect'’2).  So far, there was not effective
therapy for the pulmonary fibrosis.

It has been reported that nitric oxide (NO) was in-
volved in inflammatory response™ and fibrosis of
lung®®.  Quinlan et &!'® reported that NO generation
might be important in cell injury and inflammation by as-
bestos. NO is produced by a five-electron oxidation of L-
arginine to L-citrulline by NO synthase (NOS). Two
general classes of NOS have been identified: the calcium-
dependent, constitutively expressed NOS {cNOS) and the
calciumrindependent,  transcriptionally  inducible NOS
(iNOS)™ . It is well-accepted that cNOS was involved
in physiological regulations. On the other hand, inflam-
matory stimuli, such as cytokines and endotoxin, upregu-
lated iNOS. Produced in excess by iNOS, NO may cause
tissue injury .

Aminoguanidine (AG), containing the guanido-group
of L-arginine linked to hydrazine, in vitre, displays 10 to
100 folds higher potency as inhibitor of iNOS than
¢NOS®,  In endotoxemic rodents and dogs, AG sup-
presses activation of iNOS and peroxynitrite production in
the lungs and decreases plasma levels of the stable NO
metabolites, nitrites, and nitrates. AG also reduces lung
edema, improves gas exchange, and increases survival by
counteracting circulatory failure®~?.  Cruz et aV*14
found that AG significantly attenuated the N-nitroso-N-
methylurethane ( NNMU )-induced alveolar injury. Ac-
cording above, We hypothesized that AG might suppress
the progression of pulmonary injury and fibrosis induced
by BLM-A;. Unfortunately, these have rarely been re-
ported.
The current study was 10 prove enhancement of NO
during pulmonary injury and fibrosis induced by BLM-Ag,
and to investigate the effect of AG in the above processes.
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MATERIALS AND METHODS

Experimental animals and groups Sprague-
Dawley rats ( 3 , n =70, weighing 180 - 200 g, Grade
II , Certificate No 06057) were provided by the Experi-
mental Animal Center of Hebei Province, China. For
the duration of the experiment, the animals were fed with
commercial rat food and water ad libinwn. The rats
were randomly allocated (o two treatment parts; (1) Rats
received instillation of BLM-Ag(5 mg/kg, in 0.5 mL of
sterile saline) via tracheotomy under anesthesia {ip 2 %
pentobarbital sodium 2 mL/kg) and sacrificed on d 7, d
14, d 21, and d 30, respectively ( BLM-A; 7 d,
BLM-A; 14 d, BLM-A; 21 d, BLM-A; 30 d group); or
received intratracheal injection of the same amount of
0.9 % sterile saline as control group {Control); (2)
Rats were given the same amount of BLM-A; as part
(1), followed by daily intraperitoneal (ip) injection of
AG (20 mg kg~'+d™!) or saline for 14 d or 21 d. The
rats were sacrificed on d 14 or d 30 after BLM-A;( BLM-
As + AG 14 d, BLM-A; + AG 30 d, BLM-A; + saline 14
d, BLM-A; + saline 14 d group).

Collection of samples Alveolar macrophages
(from bronchoalveolar fluid) were placed in 96-well
plates (in RPMI 1640 medium, 20 % fetal bovine
serum, 5 x 10° cells/L, 0.1 mL/well) and incubated for
24 h at 37 T with 5 % CO,. After incubation, the cul-
ture supernatants of alveolar macrophage were used for
detecting NOs /NOy .

Outgoing pulmonary blood (OPB) was collected
under anesthesia (ip 2 % pentobarbital sodium 2 mL/kg)
for detecting the nitrite/nitrate (NO; /NOy ) and malon-
dialdehyde (MDA). Lung was taken for evaluating col-
lagen by determining hydroxyproline and for morphomet-
tic examination.

Measurements of nitrite/nitrate and MDA
The content of nitrite/nitrate (NOy /NO; ) in culture su-
pematants of alveolar macrophage and in OPB were mea-
sured by using detecting kit ( Nanjing Jiancheng Biochem-
ical Institute, China). The content of MDA in OPB was
measured by using MDA detecting kit {Nanjing Jiancheng
Biochemical Institute, China).

Assay of hydroxyproline in lung Hydroxypro-
line was released from lung tissue homogenates by acid
hydrolysis (105 1C, 18 h). The free hydroxyproline
was then oxidized by chloramine T to produce a pyrrole-
type compound. The addition of Ehrlich’s reagent
( p-dimethylaminobenzaldehyde dissolved in perchloric

e

acid) resulted in the formation of a chromophote with a
wavelength maximum at 550 nm. The absorbances were
read using water as reference and corrected for the reagent
blank.  Absorbance were plotted against
nanomoles of added hydroxyproline and the negative in-
tercept on the x axis was found by linear regression analy-
The absolute value of this intercept was taken to
represent the hydroxyproline content of the tissuel %) |
Histological and morphometric examination
of ungs Lungs from 6 rats of BLM-A; 14 d and
BLM-A; + AG 14 d groups were fixed by 4 % formalde-
hyde. Sections stained with hematoxylin and eosin
(HE) were examined by light microscopy for evidence of

values

sis.

pulmonary injury and fibrosis.

Drugs Bleomycin-A;(BLM-A;) was produced by
Tianjin Taihe Pharmaceutical Co, China. Aminoguani-
dine hemisulfate saltt (AG} was produced in Germany,
L4-hydroxyproline was from Sigma Chemical Co,
USA. RPMI 1640 was from GIBCO, USA. All other
chemicals were of analytical reagent.

Statistics Data were expressed as ¥ + 5 and com-
pared by #-test.

RESULTS

The toxicity of BLM-A; on lung The degree of
pulmonary fibrosis and injury was estimated by testing
hydroxyproline in lung, MDA in OPB and histologic and
morphometric changes of lungs. The contents of hy-
droxyproline in lung and MDA in OPB in BLM-A; 14 d,
21 d, and 30 d groups were higher than those in the con-
trol group {Tab 1). Collapsed alveoli and fibrotic areas
were seen and a lot of fibroblasts appeared in the lung in-
terstitum of the rats in BLM-A; 30 d group (Fig 1).

Tab 1. Hydroxyproline in hmg and MDA and NO; /NOy
in out-going pulmonary bleod after intratracheal adminis-
tration of BLM-A; in rats. n=6rats. ®zxs. P<0.05,
P <0.01 vs control.

Hydroxyproline MDA NO; /NGy

i /mgg™! /pmolL7! umeleL!
Control 19+6 8.5:1.5 60+ 20
BLM-A;, 7d 2410 9.1+1.1 103 +19°
BLM-A, 14 d 33+8° 11.720.8° 17123
BLM-A; 21 d 52+ 6° 11.9+1.0° 77+
BIM-A; 30d 56+ 10° 12.8+0.5° 7731
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Fig 1. Typical morphology of lung tissue was observed
in 8D rat d 30 after intratracheal injection of BLM-A;.
HE stain. = 400,

Change of NO metabolites in lung induced by
BLM-A; The NOS /NOy in OPB were significantly
increased in BLM-A; 7 d and BLM-A; 14 d group, and
retumed in BLM-A; 21 d and 30 d groups (Tab 1),
Compared with control, the contents of NOy /NO; in
culture supernatants of alveolar macrophages were high in
BLM-A; 14 d and BLM-A; 30 d groups., But the NOy /
NOy in supemnatants in BLM-A; 30 d group was lower
than that in BLM-A; 14 d group (Tab 2)

Tab 2. The content of NO; /NO; in culture supernatants
of alveolar macrophages after administration of BLM-A; in
rats. n=4rats, xzs. "P<0.05 P<0.01 vs contral

ot the same day. “P<0.05 vs BLM-A; d 14,
NO; NG {pmol L)
s d 14 4
Control 242 £ 32 24 +29
BIM-A; 442 £ 38 343 + 30%

Effects of AG on the pulmonary injury and
fibrosis induced by BLM-A; In BLM-A; + AG 30 d
group, both hydroxyproline in lung and MDA in OPB
were lower than those in BLM-A; + saline 30 d group.
(Tab 3). In lung interstium of rats in BLM-A; + AG
30 d group, the morphometric changes of BLM-A; 30 d
group reduced (Fig 2).

Effects of AG on NO in OPB of rats after
administration of BLM-A; In BLM-A; + AG 14 d
group, NOy /NOJ in OPB was lower than that in BLM-
Ag+saline 14 d group (Tab 4). There was no signifi-
cant difference of the content of NO; /NOy in OPB be-
tween BLM-Aq + AG 30 d group and BLM-Ay + saline 30

i group (Tab 4},

Tab 3. Effects of AG on contents of hydroxyproline in
lung and MDA in out-going pulmonary blood of rats on d

30 after intratracheal administration of BIM-A;. n=6
mts. x+s5. P<0.01 vs BIM-A; + saline.
Ciroups Hydmypr_o]llmf MDA/ jimol+ L™
mg g
BLM-A; + Saline aTx4d 12.5£1.9
BLM-A, + AG M & A" I EY B

Fig 2. Typical morphology of lung tissue was observed
in SD rat d 30 after intratracheal injection of BLM-A;,
followed by ip AG 20 mg-kg~'-d~' for 21 d, HE stain,
» 400,

Tab 4. Effects of AG on contents of NO; /NO; in out-
going pulmonary blood of rats on d 14 and d 30 after intra-

tracheal administration of BLM-A;. n=6 mts. x =+ 5,
P<0.01 vs BLM-A; + saline.

. NO; /NOY  (pemod-L-")

Cron d 14 d 30
BLM-A; + Saline 17617 o6+ 20
BLM-A; + AG o3 & ¥ (LE

DISCUSSION

In the present study, a large amount of NO was gen-
emted in lung during the period of hyperoxidative injury
induced by BLM-A;.  AG could block the above process
and pulmonary fibrosis, as shown by the decreases of
MDA level in OPB, hydroxyproline level in lung and re-
duction of the morphometric changes in lung interstitum .
It was well known that NO was an imporiant inflammato-
ry mediator.  High concentrations of MO may result in
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greater accessibility of inflammatory cells to sites of in-
jury(™ | Moreover. peroxynitrite formed by the reaction
of NO' with superoxide (05) may cause oxidant injury
per se or after formation of a hydroxyl-like radical'"’.
Saleh et al'"®) had already found the increased production
of peroxynitrite in the lungs of patients with idiopathic
pulmonary fibrosis. Paredi er al'® found that exhaled
NO was increased in active fibrosing alveolitis. These
results suggested that NO might be one of the important
factors to cause pulmonary injury. The inhibitory effect
of AG might be related to block NO formation in lung.

Rezende et al'") reported that after intratracheal ad-
ministration of bleomycin, aminoguanidine bicarbonate
(50 mg-kg='+d~! for 4 weeks) led to significant reduc-
tions of hydroxyproline in murine ling, and the collagen
area in the axial and septal zones of lung sections stained
with Sirius red. In our experiment, the apparently high
level of NO; /NO; in OPB appeared from d 7 to d 21
afier injection of BLM-A;, and 20 mg-kg~'-d™" AG for
14 d could abolished above process. In addition, 20
mg ke !+d"! AG for 21 d could partly block the pro-
gression of pulmonary fibrosis. These results suggested
that 20 mg+kg™'+d~! AG was enough to eliminate the
influence of NO on pulmonary foxicity induced by
BLM-A;.

Animal experiments listed some methods to maodify
the incidence and severity of pulmonaty toxicity induced
by BLM-A;.  Anii-transforming growth factor-3 anti-
bodies'®~2) and human recombinant soluble tumor necro-
sis factor receptor'® provided potentialities for interven-
ing in the fibrotic process in the lung. In vive, an-
giotensin-converting enzyme inhibitor captopril or the cas-
pase inhibitor Z-Val-Ala-Asp-fluoromethylketone was
used to block apoptosis of alveolar epithelial cell and lung
fibrosis in response to BLMI*). Keratinocyte growth
factor, a potent proliferation and differentiation factor for
rat alveolar type Il cells, could prevent BLM-induced
lung fibrosis in rats™, Our study was another way 10
prevent pulmonary toxicity induced by BLM. The level
of NO in lung of patients could be estimated by NOy /
NOs in out-going pulmonary blood. Se, it's easy w©
determine the time when AG should be administered.
This-work demonstrated AG produced an inhibitory effect
on pulmoenary toxicity induced by BLM-A;. The obser-
vation suggests that AG may be a hopeful chemical
reagent to prevent and cure the pulmonary fibrosis in-

o

duced by BLM-As.

REFERENCES

1

10

11

13

Theile A, Kemper P. Bleomycin-induced pulmonary fibrosis
following chemotherapy of ovarian granulosa cel! tumor.
Preumologie 1998; 52. 325~ 32.

Bloor AJ, Seale JR, Marcus RE. Two cases of fatal
bleomycin preumonitis complicating the treatment of non-
Hodgkin's lymphoma, Clin Lab Haematol 1998; 20; 119 -
21.

Talenti A, Ianaro A, Moncada S, Di Rosa M. Modulation of
acute inflammation by endogenous nitric oxide. Eur J Phar-
macol 1992; 211. 177-82.

Yamamoto T, Katayama I, Nishioka K. Nitrite production in
mouse 3T3 fibroblasts by bleomycin-stimulated peripheral blood
mononuclear cel! factor. Clin Exp Rheumatol 1999; 17:
HA3-6.

Paredi P, Kharitonv SA, Loukides S, Pantelidis P, de Bois
RM, Bamnes PJ. Exhaled nitric oxide is increased in active fi-
brosing alveclitis. Chest 1999; 115; 1352-6.

Quinlan TR, BemBe KA, Hacker MP, Taatjes DJ, Timblin
CR, Goldberg I, etal. Mechanism of asbestos-induced nitric
oxide production by rat alveolar macTophages in inhalation and
in vitro models.  Free Radic Biol Med 1998; 24. 778 —88.
Mayer B, Hemmens B.  Biosymthesis and action of nitric
oxide in mammalian cells. Trends Biochem Sci 1997; 22:
477-81.

Misko TP, Moore WM, Kasten TP, Nickols GA, Corbett JA,
Tilton RG, ef af. Selective inhibition of the inducible nitric
oxide synthase by aminoguanidine. Eur J Pharmacol 1993;
233 119-25.

Numata M, Suzuki S, Miyazawa N, Miyashita A, Nagashima
Y, Inoue S, et al. Inhibition of inducible nitric oxide syn-
thase prevents LPS-induced acute lung injury in dogs. J
Immunol 1998; 160: 3031 -7.

Mikawa K, Nishina K, Tamada M, Takao Y, Mackawa N,
Obara H.  Aminoguanidine attenuates endotoxin-induced acute
Iung injury in rabbits. Crit Care Med 1998; 26: 905 11.
Wu CC, Chen SJ, Szabo C, Thiinermamn C, Vane JR.
Aminoguanidine attenuaes the delayed circulatory failure and
improves survival in rodent models of endotoxic shock. Br J
Pharmacol 1995; 114; 1666-72.

Arkoviz MS, Wispe IR, Garcia VF, Szabo C. Selective in-
hibition: of the inducible isoform of nitric oxide synthase pre-
vents pulmonary transvascular flux during acute endotoxemia.
J Pediatr Sorg 19963 31: 1009-15.

Cruz WS, Moxley MA, Corbett JA, Longmore W,  Inhibi-
tion of nitric oxide synthase atienuates NNMU-induced alveolar
imjury in vivo. Am J Physiol 1997; 273 (6 Pt 1}; L1167 -
73.

Cruz WS, Corbett JA, Longmore W], Moxley MA. Nitric
oxide paricipates in early events associated with NNMU-
induced acute lung injury in rats. Am J Physiol 1999; 276 (2
Pt1); [263-8.



ISSN 0233-9756  Acta Pharmacol Sin
E-mail aps @ mail. shicne, ac. on

T EEFFR 2000 Aug; 2 (8)

Phin/Fax 86-21-6474-2629 . 715 -

16

17

13

19

21

Jamall IS, Finelli VN, Que Hee 8S. A simple method to de-
termine nanogram levels of 4-hydroxyproline in biological tis-
sues. Anal Biochem 1981; 112: 70-5.

Kubes P, Granger DN. Nitric oxide modulates microvascular
permeability.  Am J Physiol 1992; 263, Holl -35.

Beckman JS, Beckman TW, Chen J, Marshall PA, Freeman
BA. Apparent hydroxyl radical production by peroxynitrite:
Implications for endothelial injury from nitric oxide and super-
oxide. Proc Natl Acad Sci USA 1990; 87. 1620—4.

Saleh D, Bames PJ, Giaid A. Increased production of the
potent oxidant peroxynitrite in the lungs of patients with idio-
pathic pulmonary fibrosis. Am J Respir Crit Care Med 1997;
155: 1763 -9.

de Rezende MC, Martinez JA, Capelozzi VL, Simoes M),
Beppu OS.  Protective effect of aminoguanidine in a murine
model of pulmonary fibrosis induced by bleomycin.  Fundam
Clin Pharmacol 2000; 14: 561 -7

Giri SN, Hyde DM, Hollinger MA. Effect of antibody to
transforming growth factor-3 on bleomyein induced accumula-
tion of lung collagen in mice. Thorax 1993; 48: 959 - 66.
Wang Q, Wang Y, Hyde DM, Gotwals PJ, Koteliansky VE,
Ryan ST, ef al. Reduction of bleomycin induced hing fibro-
sis by transforming growth factor beta soluble receptor in ham-
sters. Thorax 1999; 54; 805-12.

Li J, He B, Weng B. The therapeutic effect of TGF-beta
monoclonal antibody to blecmycin-induced pulmonary fibrosis
inrats. Chin J Tuberc Respir Dis 1997; 20: 347-9.

Piguet PF, Vesin C. Treatment by human recombinant solu-
ble TNF receptor of pulmonary fibwosis induced by bleomycin
or silica in mice. Eur Respir J 1994; 7: 515-8.

Wang R, Ibarra-Sunga G, Verlinski L, Pick R, Uhal BD.
Abrogation of bleomycin-induced epithelial apoptosis and long
fibrosis by captopril or by a caspase inhibitor. Am J Physiol
Lung Cell Mol Physiol 2000; 279: L143-51.

Sugahara K, Lyama K, Kuroda MJ, Sano K. Double intra-
tracheal instillation of keratinocyte growth factor prevents
bleomycin-induced lung fibrosis in rats. ] Pathol 1998; 186
90-8.

SR EERRFRCRMEEMNEER

MRkt HE4, 2L, TRE, FHE
(MAEEM K EEMERBRHFENRE, XK
050017, #H)
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B MEZEM(AG) M MEEE A, (BIMA;) fR
AR HEEERMER. A% BLM-A;(5 mg-
kg~ VBB R BB A A T R
SEHE BLM-A; IR &2 /5 21 d BB AG
(20 mg-kg~'-d™!, ip). fLFHEZWEMHALE
MHE R &, M E W WS NOy/
NO; &8 . Wi Noy /NO;y S 8B; HE el
A H EREAREEETH. &R (1) Wi
BLM-A; & d 14 X 30, Fidl SUZ & B & B AL
i MDA & BZE# F & ; i BLMA; 5 d 30, A
TR R VY L B PR 4 AL B, OF B R BB R
S, (2) THIE BLM-A, [5 d 7 E 14, Bl
NO; /NO;y & EEF Fis B 0 8 3 & o B e 40 % 5
LHB P NO; /NOy BRAR. (3) AGHEWH
HiEM MDA ZEMMERERSBNARN; AGE
BRMEAEARAEEEEL. (4) AGHEME N
il NOy /NOy & BMAR. it AG A BLM-A;
FENKERMRGMERACTNRER, IEMS
HANHIMA NO KB4 A X,
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