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ABSTRACT

Endothelin-1 is profibrotic by stimulating fibroblast replication, migration, contraction, collagen synthesis and
secretion while decreasing collagen degradation.In the present study,20male rats weighing 240 grams and 10-12 weeks
old were utilized.Pulmonary fibrosis was induced by a single instillation of bleomycin (90 mg/kg).After 7 days of
instillation, elevated plasma ET-1 was considered as bleomycin induced pulmonary fibrosis. High dose of bleomycin
instillation caused significant increase in plasma ET-1as compared with normal saline instillation. Blood glucose and
serum calcium were also markedly elevated. Statistical analysis using Pearson coefficient of correlation revealed that
there was a positive relationship between plasma ET-1 and blood sugar (r=0.7). The same correlation was detected
between plasma ET-1 and serum calcium (r=0.7).The present study concluded thatthere is a strong correlation
between plasma ET-1 and blood glucose and it may be due to decreaseof insulinsensitivity, and inhibits B-cells to
release insulin .In addition,the role of calcium ions cannot be excluded in raising blood glucose by ET-1.
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INTRODUCTION

In 1988, Yanagisawa and coworkers
purified a 21- amino acid peptide from porcine
aortic endothelial cells that is a powerful
constrictor. The discovery of ET-1 and peptide
endothelin-2 (ET-2) and endithelin-3 (ET-3)
has  stimulated  considerable  interest.
Instillation of intratrachealbleomycin is a
frequently used animal model of lung injury
and fibrosis. The model is characterized by an
initial  alveolitis  consisting mainly  of
neutrophils infiltration with pathologic changes
of diffuse alveolar damage with peak injury
around the seventh day. The inflammatory
phase remits, and collagen production
gradually increased to maximal levels at days
21 to 30 (Teder and Noble, 2000).

Interstitial  pulmonary fibrosis is a
consequence of many types of severe or
sustained lung inflammation. Bleomycin is a
mixture of glycopeptides derived from
Streptomyces  verticillus, is a potent
chemotherapeutic agent and is known to
produce pulmonary fibrosis in humans as well
as in experimental animals (Wang et al., 2002).
Furthermore, Serrano-Mollaret al., (2002)
showed that bleomycin-induced lung fibrosis
appears to be the consequence of a primary
inflammatory lesion characterized by an
accumulation of alveolar macrophages and
neutrophils in the lower respiratory tract. In
addition, reactive oxygen species generated
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from neutrophils can induce lung injury and
fibrosis, Park et al.,(1997)

Endothelin-1 is profibrotic by stimulating
fibroblast replication, migration, contraction,
collagen synthesis and secretion while
decreasing  collagen  degradation.  Thus
blocking ET-1 might be beneficial in reducing
scar formation in pulmonary fibrosis (Shi-Wen
et al., 2004). Endothelin-1 additionally
enhances the conversion of fibroblast into
contractile myelofibroblast (Villaschi and
Nicosia, 1994; Sun et al., 1997). Increased in
ET-1 precedes the development of pulmonary
fibrosis (Fagan et al., 2001).Mutsaers et al.,
(1998) demonstrated that elevation of ET-1
levels prior to an increase in collagen content,
along with its localization within developing
fibrotic lesions, provides further evidence of
profibrotic role for ET-1 in the pathogenesis of
pulmonary fibrosis.Park et al.,(1997) also
demonstrated that ET-1 is involved in the
pathogenesis of bleomycin-induced pulmonary
fibrosis in the rodent model and that blockage
of its receptors reduces the fibrosis.

In summary, circumstantial evidence for a
role of ET-1 in lung fibrosis has accumulated,
but whether this is a causative or bystander
role remains unknown (Teder and Noble,
2000).The main purpose of the present study
was to find out the correlation between the
elevated plasma ET-1 in bleomycin instillation
and blood glucose concentration .Such
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correlation, if present , may demonstrate how
pulmonary disorders caused by bleomycin
increase blood sugar ,the most common
symptoms of diabetes mellitus

MATERIALS AND METHODS
Animals and housing

Adult male albino rats ( Rattus norvegicus)
bred in the animal house of Biology Dept.
/College of Science/University of Salahaddin
were used for the present study. In this study,
20 healthy rats weighing 240 grams and 10-12
weeks old were used in this study. Animals
were housed under standard laboratory
conditions (12 h light: 12 h dark photoperiod,
22 + 2 C° and fed on standard rat pellets and
tap water ad libitum.
The study was performed on ten adult male
rats. (pretreatment body weight 200 to 260
0).They were anesthetized with 100mg/kg of
ketamin (Hikma pharm ceatical, Amman.
Jordan) injection (Keane et al.,
1999).Bleomycin (Kayaku, Tokyo. Japan)
solution was prepared immediately before
administration as a single dose directly into the
trachea. Using aseptic techniques, a single
incision was made at the neck and the muscle
covering the trachea was snipped to expose the
tracheal rings. The rats then injected with 90
mg / kg of bleomycin in 0.3 ml of sterile 0.9%
sodium chloride through a 27 gauge needle.
The controlled animals were given an equal
volume of sterile 0.9% saline only. After
bleomycin instillation, the incisions were
sutured by surgical thread (size 0/3, cutting
needle 22mm). ( Ebiharaet al., 2000;
Hamaguchiet al., 2002).
Experimental design

This experiment was designed as the
following:
Groupl: Normal saline instillation.(Control)
Group2: Bleomycin (90mg / kg) instillation.
After 7 days all the rats were anesthetized with
ketamine (100mg / kg). And sera were
preserved at-85 C° until their use. This
experiment was repeated twice to confirm the
results

Endothelin-1-hormone immunoassey
Plasma ET-1 was measured by enzyme
linked immunosorbent assay (ELISA)(Bio-tek
, USA) (Rossi et al ,2000)
Blood glucose determination
Control and experimental rats were fasted
overnight for 12 hours but provided with water

ad libitum. Blood samples from the rats were
collected by heart puncture method and
analyzed for glucose level employing
glucosticks with the glucometer. (Accu-Chek,
Roch diagnostic GmbH, Mannheim,
Germany)( Syiem et al ,2002).
SERUM TOTAL CALCIUM
Spectrophotometric method was used for
serum calcium determination. Arsenazo Il
reacts with calcium in a slightly acid medium
to form blue - purple complex. The intensity of
the color is proportional to the calcium
concentration. SYRBIO diagnostic reagents for
laboratories under license of EUROBIO
laboratories Paris — FRANCE use for
determination serum calciumand the results
were expressed as mg/dl. (Chawla, 2003)

STATISTICAL ANALYSIS

Statistical analysis was performed by using
SPSS (Version 11.5). Results are expressed as
mean % S.E. The correlation analysis was done
with Parsons test. Independent T-test was also
used.p value < 0.05 was considered statistically
significant.

RESULTS AND DISCUSSION

Bleomycin caused a marked increase in plasma
ET-1 (p<0.001)(Figure 1) as compared with
control The mechanism by which bleomycin
increases plasma ET-1 is not fully understood.
However, several reports indicated that ET-1 is
strongly related with pulmonary fibrosis
produced by bleomycin (Villaschi and Nicosia,
1994; Park et al., 1997: Mutsaerset al., 1998;
Shi-Wen et al., 2004).

Blood glucose and serum calcium were also
markedly elevated in bleomycin treated rats
(Figure 2 and3).Using Pearson correlation
[tatistical analysis revealed that there was a
positive relationship between plasma ET-1 and
blood sugar (r=0.7). The same correlation was
detected between plasma ET-1 and serum
calcium (r=0.7), ( Table 1). Recently, there has
been known that elevated ET-1 levels may
cause  insulin  resistance in  certain
pathophysiological states and because blood
flow to skeletal muscle tissues is an additional
determinant of skeletal muscle glucose uptake,
the possibility can be raised that chronic ET-1
administration reduced skeletal muscle blood
flow and this could contribute to the insulin
flow and insulin resistance (Wilkes et al.,
2003). Furthermore, it has been shown that
insulin can promote ET-1 gene expression
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(Ferriet al., 1995). Thus, one possibility is that
insulin resistance leads to hyperinsulinemia,
which causes increased ET-1 levels, which
then further exacerbates the insulin-resistance
state. In this way, a positive feedback system
may exist invivo, in which insulin resistance
begets more insulin resistance through the ET-
1.In addition,there is a possibility that ET-1
can inhibit pancreatic B-cell function

(Teuscheret al., 1998).In conclusion,the
present study suggested that there is a strong
correlation between plasma ET-1 and blood
glucose and it may be due to decrease of
insulin sensitivity, and inhibits B-cells to
release insulin .In addition, the role of calcium
ions cannot be excluded in raising blood
glucose by ET-1.

9

8

7

P<0.001

(2}

fmol/L

S

U/ O

Control

)
)

BLM

Figure (1):Effect of instillation of bleomycin on plasma ET-1 in male rats.
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Figure (2):Effect of instillation of bleomycin on blood glucose in male rats.
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Figure (3):Effect of instillation of bleomycin on serum total calcium in male rats.

Table 1:Correlations between plasms ET-1,blood glucose
normal saline and bleomycin

and serum calcium in male rats instillated with

Correlated parameters Pearson correlation Statistical decision
r- values
Plasms ET-1 and blood glucose n1=10,n2=10 0.71 p<0.021
PlasmaET-1 and serum calcium n1=10,n2=10 0.78 p<0.008
References
Chawla,R., (2003).Practical Clinical Nagaoka, T; Saito, E; Shimada, Y;

Biochemistry: Methods and
interpretations.3rd ed.Jaypeebrothers
Medical publishers(p)LTD New Delhi.

Ebihara, T; Venkatesan, N; Tanaka, R; and
Ludwig, M.S., (2000) .Changes in
extracellular matrix  and  tissue
viscoelasticity in lung
fibrosis.Am.J.Respir.Creit.Med.,
Volume 163. Number 4, October, 1569-
1576

Fagan, K.A; MeMurtry, I.F and Rodman,D.M.,
(2001) .Role of endothelin-1 in lung
disease. Respir. Res, 2: 90-101.

Ferri, C; Pittoni, V ; Piccoli, A; Laurenti, O;
Cassone, M.R; Bellini, C; Properzi, G;
Valesini, G; Mattia, G.D and Santucci,
A, (1995) Insulin  stimulates
endothelin-1 secretion from human
endothelial cells and modulates its
circulating levels in vivo. Journal of
Clinical Endocrinology and
Metabolism.Vol.80,No.3.

Hamaguchi, Y; Nishizawa, Y; Yasui, M;
Masegawa, M; Kaburagi, Y; Komura;

Takehara, K; Kadono, T; Steeber, D.A;
Tedder, T.F and Sato, S.,(2002).
Intracellular adhesion molecule-1 and L-
slsctin regulate bleomycin-induced lung
fibrosis. America. Journal of
Pathology.161: 1607-1618

Keane, M. P; Belperio, G.A; Arenberg D. A;
Burdick, M. D; Xu, Z. J; Xue, Y. Y; and
Strieter, R. M., (1999).IFN-y inducible
protein -10 attenuates bleomycin-
induced pulmonary  fibrosis  via
Inhibition of angiogenesis. The journal
of immunology, 163: 5686 — 5692.

Mutsaers, S.E; Foster, M.L; Chambers, R.C;
Laurent, G.J and McAnulty, RJ.,
(1998).Increased endothelin-1 and its
localization during the development of
bleomycin induced pulmonary fibrosis
in rats.Am.J.Respire.Cell
Med.Biol.18:611-619.

Park.S.H; Saleh, D; Giaid, A and Michel, R.P.,
(1997).Increased endothelin-1 in
bleomycin-induced pulmonary fibrosis
and the effect of an endothelin receptor

167



Journal of University of Zakho (JUOZ), Vol.1, (A) No.1, Pp. 164-169, 2013

anragonist.Am.J.Respir.Crit.Care
Med.156:600-608.

Rossi, G. P; Seccia, T. M; Albertin, G; and
Pessina, A. C., (2000) .Measurement of
endothelin:  Clinical and research
use.Ann. ClinBiochem, 37: 608- 626.

SerranoMollar,A;Closa,D;Cortijo,J;Marcillo,E.
J;Prats,N;Gironella,M;Panes,J;Rosell Ja
nd Bulbena,0 (2002).P-selectin up
regulation in bleomycin —induced lung
injury in rats :effect of N-acetyl-L-
cysteine Thorax 57:629-634

ShiWen,X;Chen,Y;Denton,C.P;Renzoni,M.E,
Bou_Gharios,G,Pearson,J.D,DuBios,M.
D.M;Black,C.M;Leask,A and

Abraham, D.J., (2004).Endothelin-1
promotes  myofibroblast  induction
through receptor via a
rac/phosphoinositide  3-kinase  /Akt-
pathway and is essential for the
enhanced contractive fibrotic
fibroblasts.Mol.Biol.Cell.15:2707-2719.

Sun, G; Stacey, M.A, Bellini.A; Marini,
M.andMattoli, S., (1997).Endothelin-1
induced bronchial myofibroblast
differentiation Peptides.18:1449-1451.

Syiem, D; Syngai, G; Khup, P.Z; Khongwir,
B.S; Kharbnli, B. and Kayang, H.,
(2002).Hypoglycemic effects of
Potentilliafulgens L. in normal and
alloxan-induced diabetic mice.Journal of
Ethnopharmacology, 83: 51-56

168

Teder, P and Noble, P, W., (2000) .A cytocine
reborn? Endothelin- 1 in pulmonary
inflammation and fibrosis Am. J Resp.
Cell mol. Biol vol. 23, 7-10.

Teuscher, A.U; Lerch, M; Shaw, S; Pacini, G;
Ferrari, P. and Weidmann, P., (1998).
Endothelin-1 infusion inhibits insulin
responsiveness in  normal men. J.
Hypertension, 16:1279-1284

Villaschi, S and Nicosia, R.F., (1994)
.paracrine interaction between fibroblast
and endothelial cells in a serum free
culture model: modulation of
angiogenesis  and  collagen  gel
contraction Lab Invest. 71: 291- 299 .

Wang,H-D;Yamaya,M;Okinaga,S;Jia,Y-
X,Kamanaka,M; Takahashi,H;Guo,L-
Y,Ohrui, T and
Saski,H.A(2002).Bilirubinamelioratesbl
eomycin —induced pulmonary fibrosis in
rats. Am.J.Res.Crit.Care Med.165:406-
411.

Wilkes, J, J; Hevenda, A; Olefsky, J (2003).
Chronic endothelin- 1 treatment leads to
insulin resistance in vivo. Diabetes, vol.
32, 1904- 1909.

Yanagisawa, M; Kurihara, H; Kimura, S; ;
Tombbe, Y; Kobayashi, M; Mitsui Y;
Yazaki, Y; Goto, K; and Masaki, T.,
(1988) .A novel potent vasoconstrictor
peptide produced by  vascular
endothelial cells Nature; 332: 411- 415



Journal of University of Zakho (JUOZ), Vol.1, (A) No.1, Pp. 164-169, 2013

9ok o593 Al g3 (S91a 03l pBucdlS g g 6)SAd g LUk &l I onbigiods ol (Siogady
Otisitbo gy (SD2aL0dy

4> 92

9099255 9 Cudlsh il D Syl i yioals lSdpw igglldyy (S)aSiugys eS| pubiygais
pal YIS Ggdildoglad (5)la)S (SogaiajSedS 09 id 9 (YIS Lda pddyay 9 Rdad
99 Jldapyds -0 d 84y plidedial a1aaal2-10 5 S 240 w2 r9 20 laaggardysy
Loboguis o3y 08 gy (Ui a2 (S8 /eS1090) o3yds Crunladuls 13 Shads OIS4y
U938 9> UJaSal ayghrdsds 33,7 Soglels (rmulebaly  Soasleds lSa> 9 (ilinds 093] 54
AS Cuudeily 103 S5k yoke§ S50 0949933 yAs pRwedlS 9 SAd o3y 09 Ad (5IY5l SleS Ay 9l )ty
653y JASA) dgdingiay pal WBogHad  .azdd ke §)Sad g Lcubugdid olgidal juads Sagtisgiay
1ol gt (5130 glial iy (Sagiogsdy 4S (aSon slukinky (lSdolmio ds . dydd  (lecoBuudlS
Clucias (150,58 5,888 | cplinigaied as D94 yaSs D94l B3 Ayailgal idsdd (AyAd Glg (5SAdi o9
RO Oddedad Gl S,y el Sy A Lo IS4l gogTISy paS ilSo Ay, B

e S Sadi B3y Bo94da S Hasdl azdd ) e IS

Gl gl 8316 Ahalaly O3 31 585 3 ol p iSOy autdt 358 5 a3 T—pdd gy 480

o3

oAy oS ol g aals &y eyl pad b s N el S TGl W ey
pebod 12-10 5 02 240 055 03 41 S0 0 20 cossanad d@ul il sds @ oY S pis ados plisd
(e 03 o3 [o3he90) 58 5 e sl e 30y 2o o sl 550 G Ao i L eall e
350 as Y ale dally 3l de pams 438 o U Tl W1 1S5 e Al e LT T e
Jolall Dotoias Lo W sl gl s yall (S sl Lind all & pundiSU 3875 5 ol 3558
ot i eSS 5y SIS Sy U Tl e g b Bl Slls 0L BULLY)
G P ol s gm a8y 5SS ST U TGl W e B BN s 0L AU Ay
555 IS e W1 3 oS 5 sl (SN I3 U B i ¥ O n Yl 63zl pd Y Ll
el sl 350s clae) s

169



