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Aminoguanidine reduces oxidative stress and structural
lung changes in experimental diabetes mellitus®

Aminoguanidina reduz o estresse oxidativo e as alteracdes
estruturais pulmonares em diabetes mellitus experimental
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Abstract

We evaluated the effect of aminoguanidine on pulmonary oxidative stress and lung structure in an experimental
model of diabetes mellitus. Thiobarbituric acid reactive substances (TBARS), histology and arterial blood gases were
evaluated in animals with diabetes mellitus (DM group), animals with diabetes mellitus treated with aminoguanidine
(DM+AG group), and controls. The TBARS levels were significantly higher in the DM group than in the control and
DM+AG groups (2.90 + 1.12 vs. 1.62 + 0.28 and 1.68 + 0.04 nmol/mg protein, respectively), as was PaCO, when
compared with that of the control group (49.2 % 1.65 vs. 38.12 * 4.85 mmHg), and Pa0, was significantly higher in
the control group (104.5 £ 6.3 vs. 16.30 + 69.48 and 97.05+14.02 mmHg, respectively). In this experimental model
of diabetes mellitus, aminoguanidine reduced oxidative stress, structural tissue alterations, and gas exchange.
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Resumo

Avaliamos o efeito da aminoguanidina sobre o estresse oxidativo pulmonar e a estrutura pulmonar em um modelo
experimental de diabetes mellitus. Foram determinados thiobarbituric acid reactive substances (TBARS, substéncias
reativas ao acido tiobarbiturico), histologia e gasometria arterial em animais com diabetes mellitus (DM), animais
com diabetes mellitus tratados com aminoguanidina (DM+AG) e controles. O nivel de TBARS foi significativamente
maior no grupo DM que nos grupos controle e DM+AG (2,90 + 1,12 vs. 1,62 + 0,28 e 1,68 £ 0,04 nmol/
mg proteina, respectivamente), o mesmo ocorrendo com PaCO, em relagdo ao grupo controle (49,2 + 1,65 vs.
38,12 + 4,85 mmHg), e Pa0, foi significativamente maior no grupo controle (104,5 £+ 6,3 vs. 69,48 £16,30 e
97,05 £ 14,02 mmHg, respectivamente). Neste modelo experimental de diabetes mellitus, a aminoguanidina reduziu
o0 estresse oxidativo, alteragdes estruturais teciduais pulmonares e a troca gasosa no modelo experimental.

Descritores: Estresse oxidativo; Diabetes mellitus experimental; Pulméo.

Diabetes mellitus (DM) is a metabolic disorder
that affects various organs. 1t is estimated that
171 million people are affected by the disease.
This figure will probably have increased to
366 million by 2030, and the principal factors
that promote the development of the disease
are the advancing age of the population, the
higher number of obese individuals, and greater
urbanization. Worldwide, DM is currently the
fifth leading cause of death.™

Several clinical and experimental studies have
identified various pathophysiological mechanisms
implicated in the development of DM-induced

pulmonary changes, and it seems that acute
inflammation is one of the principal triggers of
this process.®? Impaired surfactant production
and difficulty in absorbing the edema are also
present, as are oxidant/antioxidant imbalance,
coagulation/fibrinolysis imbalance, and fibrosis/
repair imbalance.

The principal factors associated with chronic
pulmonary complications are oxidative stress
and the generation of advanced glycation end
products (AGEs).” In a study conducted by our
group, oxidative stress was shown to be present
in experimental DM, and animals with DM were
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shown to present structural changes in lung
tissue, as well as altered blood gas values.®

The use of a treatment that blocks AGEs or
reduces oxidative and nitrosative stress can be
effective in lung disease.

Aminoguanidine prevents the formation of
AGEs because its chemical structure contains
hydrazine, which reacts with the compounds
glyoxal, methylglyoxal, and 3-deoxyglucosone.
© In addition to the effects of aminoguanidine
on advanced glycation, lower doses of
aminoguanidine can act specifically, inhibiting
the activity of the iNOS enzyme and reducing
nitrosative stress.”” Aminoguanidine can also
inhibit the metabolism of histamine, the
catabolism of polyamines, and the activity of
catalase, as well as potentiating the effects of
angiotensin on the production of prostacyclin.
However, mno experimental studies have
demonstrated the effects of aminoguanidine on
DM-related pulmonary complications.®

The objective of the present study was
to evaluate the effect of aminoguanidine on
the reduction in oxidative stress and in the
potential damage to the lung structure caused
by DM. Blood gases were measured in order to
evaluate changes in gas exchange. In addition,
oxidative damage to lung tissue was evaluated
using histological techniques to determine and
quantify the changes in the lung structure.

This was a controlled experimental study
involving Wistar rats with a mean body weight
of 300 g. All animals were treated in accordance
with the World Health Organization Ethical
Code for Animal Experimentation. The animals
were divided into three groups: control group;
animals with DM (DM group); and animals
with DM treated with aminoguanidine (DM+AG
group). Each group comprised seven animals.
The study period was 60 days, starting on the
day the animals with DM presented glycemia
greater than 250 mg/dL.

We induced DM using a single i.p. injection
of streptozotocin (70 mg/kg; Sigma Chemical,
St. Louis, MO, USA).® The rats that were
treated with aminoguanidine (50 mg/kg, i.p.,
aminoguanidine hemisulfate salt; Sigma-Aldrich,
St. Louis, MO, USA) for the last 30 days of the
experiment.('?

An enzymatic colorimetric assay was used
to determine the glycemia, and the animals
were sacrificed on day 60 of the experiment.
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All of the animals were anesthetized through
i.p. injection of ketamine (100 mg/kg) and
xylazine (50 mg/kg). Subsequently, the
thoracoabdominal region was shaved, and a
mid-ventral laparotomy was performed. Blood
from the abdominal aorta was collected in order
to evaluate the arterial blood gases. An ABL 700
analyzer (Radiometer, Copenhagen, Denmark)
was used to determine Pa0,, PaCO,, and Sa0,.
The lungs were subsequently removed and
fixed in 4% paraformaldehyde for histological
analysis, portions being stored at —80°C in order
to subsequently quantify the thiobarbituric acid
reactive substances (TBARS). Measurement of
the TBARS was conducted as established by
Buege & Aust.!"

In order to perform lipid peroxidation, the
lung tissue was homogenized,"? after which
protein levels were quantified in accordance
with the method proposed by Lowry et al.("?)

Picrosirius red staining was used for
the histological analysis of the lungs. The
anatomopathologicalexaminationwasperformed
in double-blind fashion by a pathologist in
the Pathology Laboratory of the Porto Alegre
Hospital de Clinicas. Data were analyzed by
the program Statistical Package for the Social
Sciences, version 13 (SPSS 1Inc., Chicago, IL,
USA). We used ANOVA to compare the groups,
and post hoc comparisons were made using
the Student-Newman-Keuls test. The level of
significance was set at 5% (p < 0.05).

Blood glucose  concentrations  were
significantly higher in the DM group than
in the control group. After treatment with
aminoguanidine, no reduction in hyperglycemia
was observed. Pulmonary lipid peroxidation
was greater in the DM group than in the
control group, and the use of aminoguanidine
significantly reduced the levels of tissue lipid
peroxidation, which nearly returned to baseline
values. The blood gas analysis revealed an
increase in PaCO,, as well as a decrease in Pa0,
and Sa0,, in the DM group when compared with
the control group. However, the analysis of the
blood gases in animals from the DM+AG group
revealed a significant increase in Pa0, and Sa0,
(Table 1).

Histological analysis revealed the presence
of inflammatory cells in the DM and DM+AG
groups when compared with the control group.
In the DM group, we also observed an increase
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Table 1 - Groups compared in terms of glycemia, thiobarbituric acid reactive substances, and blood gases.

Parameters Group
Control DM DM+AG
h=17) n=17 m=7
Glycemia, mg/dL 217.6 £ 11.84 561 + 35.60* 549.62 *+ 42.30*
TBARS, nmol/mg protein 1.62 £ 0.28 2.90 + 1.12*% 1.68 + 0.40%**
Pa0,, mmHg 104.58 + 6.33 69.48 + 16.30* 97.05 + 14.02***
PaCOz, mmHg 38.12 £ 4.85 49.2 £+ 1.65* 45.28 £ 10.84
SaOz, % 97.54 £ 0.55 84.92 + 7.80" 94.6 + 3.24%

DM: animals with diabetes mellitus; DM+AG: animals with diabetes mellitus treated with aminoguanidine; and TBARS:
thiobarbituric acid reactive substances. Values expressed as mean % SD. *p < 0.05 (DM group vs. control group). **p < 0.05
(DM+AG group vs. control group). ***p < 0.05 (DM+AG group vs. DM group).

in the extracellular matrix, which determines the
presence of tissue fibrosis. In comparison with
the control group, the DM group presented
significantly greater fibrosis and the DM+AG

group presented significantly less fibrosis
(Figure 1).
In the present study, increased lipid

peroxidation in lung tissue was observed in
animals with DM, as reported in a previous
study.® In the present study, aminoguanidine
reduced lipid peroxidation. Although it is an
indirect measurement for the evaluation of
oxidative stress, lipid peroxidation analysis can

IR

IR BRI R APEAY.
7 5 leag 7 4 \3& R
3 Weaw . M o O3
s AL G il

co

indicate cell damage mediated by oxidative
and nitrosative agents. Previous studies have
demonstrated the ability of aminoguanidine to
reduce the apoptosis induced by reactive oxygen
species and by lipid peroxidation in cells from the
retinas and kidneys of animals with DM.U4!9)
Blood gas analysis revealed changes in gas
exchange in the DM group, since Pa0, and SO,
were lower and PaCO, was higher. A similar
result was found in patients with DM, since
these individuals presented with significantly
lower diffusing capacity than that observed for
the healthy individuals. One of the potential
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Figure 1 - Photomicrographs of the samples of lung tissue from animals in the different groups: in a),
control (CO); in b), diabetes mellitus (DM); and in c), diabetes mellitus treated with aminoguanidine (DM+AG;
picrosirius red; magnification, x200). In d), graph of the quantification of fibrosis (percentage of pixels).
*p < 0.001 vs. CO and DM+AG groups; *p < 0.001 vs. DM group.
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predictive factors for this clinical change was
the microalbuminuria presented by patients,
since there was an inverse correlation between
microalbuminuria and the diffusing capacity of
the lung.('®

One of the factors that might have been
responsible for this alteration in the respiratory
system was the increase in the basement
membrane thickness, which might be caused
by the inter- and intra-molecular bindings with
collagen, which are the result of the effect of
AGEs. This mechanism can also increase rigidity
and resistance to proteolytic digestion, as
well as affecting extracellular matrix proteins
(fibronectin, type 111 collagen, type 1V collagen,
type VI collagen, and laminin) and upregulating
cytokine production.('”

Aminoguanidine proved effective in an
experimental model of diabetic nephropathy, in
which it reduced the thickening of the glomerular
basement membrane.'® In the present study,
aminoguanidine improved the diffusing capacity
for blood gases, as evidenced by an increase in
Pa0, and Sa0,. However, there was no reduction
in PaCO, after the treatment. This might be
due to the potential changes in the respiratory
mechanics and in the effect of the central and
peripheral chemoreceptors that are also affected
by DM.5'®

The histological analysis of the lung tissue
revealed an increase in the alveolar-capillary
membrane resistance in the animals with DM.
These changes were also reported by other
authors, ' who demonstrated that DM is the
principal factor responsible for changes in lung
structure. A study investigating nuclear factor
kappa B (NF-kB) inhibition in an experimental
model of DM demonstrated that the lungs of
animals with DM presented changes in tissue
structure, which were caused by increased
oxidative stress, and that there was a reduction
in DM-induced lung injury when NF-xB was
inhibited.®”

It is possible that aminoguanidine acts as
an AGE inhibitor, because it reduces the levels
of pulmonary oxidative stress and the changes
in lung structure caused by increased collagen
synthesis and deposition.

In summary, structural changes in the lung
tissue of animals with DM lead to changes
in gas exchange, as well as to increased
oxidative stress. In the present study, the use of
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aminoguanidine reduced lipid peroxidation and
minimized changes in lung structure (manifested
as fibrosis), as well as normalizing the levels of
Pa0, and Sa0,.

References

1. Diabetes Prevention Program Research Group; Knowler
WC, Fowler SE, Hamman RF, Christophi CA, Hoffman
HJ, et al. 10-year follow-up of diabetes incidence
and weight loss in the Diabetes Prevention Program
Outcomes Study. Lancet. 2009;374(9702):1677-86.
Erratum in: Lancet. 2009;374(9707):2054.

2. Gumieniczek A, Wilk M. Nitrosative stress and
glutathione redox system in four different tissues of
alloxan-induced hyperglycemic animals. Toxicol Mech
Methods. 2009;19(4):302-7.

3. Foster DJ, Ravikumar P, Bellotto DJ, Unger RH, Hsia
CC. Fatty diabetic lung: altered alveolar structure and
surfactant protein expression. Am J Physiol Lung Cell
Mol Physiol. 2010;298(3):L392-403.

4. Honiden S, Gong MN. Diabetes, insulin, and
development of acute lung injury. Crit Care Med.
2009;37(8):2455-64.

5. Forgiarini LA Jr, Kretzmann NA, Porawski M, Dias AS,
Marroni NA. Experimental diabetes mellitus: oxidative
stress and changes in lung structure. J Bras Pneumol.
2009;35(8):788-91.

6. Thornalley PJ. Use of aminoguanidine (Pimagedine) to
prevent the formation of advanced glycation endproducts.
Arch Biochem Biophys. 2003;419(1):31-40.

7. Szabd C, Ferrer-Sueta G, Zingarelli B, Southan GJ,
Salzman AL, Radi R Mercaptoethylguanidine and
guanidine inhibitors of nitric-oxide synthase react with
peroxynitrite and protect against peroxynitrite-induced
oxidative damage. J Biol Chem. 1997;272(14):9030-6.

8. Nilsson BO. Biological effects of aminoguanidine: an
update. Inflamm Res. 1999;48(10):509-15.

9. Dias AS, Porawski M, Alonso M, Marroni N, Collado
PS, Gonzalez-Gallego J. Quercetin decreases oxidative
stress, NF-kappaB activation, and iNOS overexpression
in liver of streptozotocin-induced diabetic rats. J Nutr.
2005;135(10):2299-304.

10. Degenhardt TP, Fu MX; Voss E, Reiff K, Neidlein R, Strein
K, et al. Aminoguanidine inhibits albuminuria, but not
the formation of advanced glycation end-products in
skin collagen of diabetic rats. Diabetes Res Clin Pract.
1999;43(2):81-9.

11. Llesuy SF, Milei J, Molina H, Boveris A, Milei S.
Comparison of lipid peroxidation and myocardial
damage induced by adriamycin and 4’-epiadriamycin in
mice. Tumori. 1985;71(3):241-9.

12. Buege JA, Aust SD. Microsomal lipid peroxidation.
Methods Enzymol. 1978;52:302-10.

13. Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. J Biol
Chem. 1951:193(1):265-75.

14. Giardino 1, Fard AK, Hatchell DL, Brownlee M.
Aminoguanidine inhibits reactive oxygen species
formation, lipid peroxidation, and oxidant-induced
apoptosis. Diabetes. 1998;47(7):1114-20.

15. Kelly DJ, Gilbert RE, Cox AJ, Soulis T, Jerums G, Cooper
ME. Aminoguanidine ameliorates overexpression of
prosclerotic growth factors and collagen deposition in



Aminoguanidine reduces oxidative stress and structural 489
lung changes in experimental diabetes mellitus

experimental diabetic nephropathy. J Am Soc Nephrol. with hyperlipidaemia in hamsters. Eur Respir J.
2001;12(10):2098-107. 1997;10(8):1850-8.

16. Saler T, Cakmak G, Saglam ZA, Ataoglu E, Yesim 19. Watanabe K, Senju S, Toyoshima H, Yoshida M. Thickness
Erdem T, Yenigun M. The assessment of pulmonary of the basement membrane of bronchial epithelial cells
diffusing capacity in diabetes mellitus with regard to in lung diseases as determined by transbronchial biopsy.
microalbuminuria. Intern Med. 2009;48(22):1939-43. Respir Med. 1997;91(7):406-10.

17. Goh SY, Cooper ME. Clinical review: The role of  20. Eren G, Cukurova Z, Hergunsel O, Demir G, Kucur M,
advanced glycation end products in progression and Uslu E, et al. Protective effect of the nuclear factor
complications of diabetes. J Clin Endocrinol Metab. kappa B inhibitor pyrrolidine dithiocarbamate in lung
2008;93(4):1143-52. injury in rats with streptozotocin-induced diabetes.

18. Popov D, Simionescu M. Alterations of lung structure Respiration. 2010;79(5):402-10.

in experimental diabetes, and diabetes associated

About the authors

Fabio Cangeri Di Naso
Masters Student. Postgraduate Program in Biological Sciences, Universidade Federal do Rio Grande do Sul - UFRGS, Rio Grande do
Sul Federal University — Porto Alegre, Brazil.

Luiz Alberto Forgiarini Junior
Doctoral Student. Postgraduate Program in Pulmonology, Universidade Federal do Rio Grande do Sul - UFRGS, Rio Grande do Sul
Federal University — Porto Alegre, Brazil.

Luiz Felipe Forgiarini
Student in Life Sciences. Methodist University Center of the /nstituto Porto Alegre - 1PA, Porto Alegre Institute — Porto Alegre, Brazil.

Marilene Porawski
Professor, Universidade Federal de Ciéncias da Saude de Porto Alegre - UFCSPA, Federal University of Health Sciences of Porto
Alegre — Porto Alegre, Brazil.

Alexandre Simées Dias
Professor. Professional Masters Program in Rehabilitation and Inclusion, Methodist University Center of the /nstituto Porto Alegre -
1PA, Porto Alegre Institute - Porto Alegre, Brazil.

Norma Anair Possa Marroni

Coordinator of the Laboratory of Experimental Hepatology and Physiology, Universidade Federal do Rio Grande do Sul - UFRGS,
Federal University of Rio Grande do Sul - Porto Alegre, Brazil; and Coordinator of the Laboratory of Oxidative Stress and Antioxidants,
Universidade Luterana do Brasil - ULBRA, Lutheran University of Brazil - Canoas, Brazil.

J Bras Pneumol. 2010;36(4):485-489



