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Summary

Background: mechanisms of gastric mucosal injury include cellular damage by oxygen free radicals, 
which can be indirectly measured through malondialdehyde (MDA). Production of nitric oxide (NO) maintains 
gastric tissue perfusion through vasodilatation. Objective: to demonstrate oxidative stress and impaired gastric 
perfusion measuring NO and MDA in gastric contents and blood of equines subjected to a gastrointestinal 
ulceration induction protocol. Methods: a gastrointestinal ulceration induction protocol involving fasting and 
oral administration of phenylbutazone was performed on five horses. NO and MDA were measured before 
and after protocol induction and presence of fecal occult blood (FOB) was evaluated. Animals underwent 
gastroscopy at the beginning and end of the protocol. Results: horses presented variability in hematological 
and FOB exams. Azotemia, hyperphosphatemia, and hypocalcemia were found in all animals. No significant 
changes were found in enzymatic activity. At the end of the protocol, 40% of the horses showed varying 
degrees of gastric ulceration. NO production in the stomach decreased by 60%, whereas MDA production 
increased by 55% after the protocol. Plasma concentration of MDA average increased 96 hours after starting 
the protocol. There were no significant differences in mean plasma NO during the protocol. Conclusion: the 
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protocol used to induce gastric ulcers produces diminished cytoprotection (by NO) and induces oxidative 
stress in the gastric mucosa.

Keywords: anti-inflammatory, antioxidant, NSAID, oxidative stress, stomach. 

Resumen

Antecedentes: los mecanismos de lesión de la mucosa gástrica incluyen daño celular por radicales libres 
de oxígeno que puede ser medido a través del malonaldehído (MDA). La producción de óxido nítrico (NO) 
sostiene la perfusión del tejido gástrico mediante vasodilatación. Objetivo: demostrar el estrés oxidativo y 
alteración de la perfusión gástrica mediante la medición de NO y MDA en contenido gástrico y sangre de 
equinos sometidos a un protocolo de inducción de ulceración gastrointestinal. Métodos: el protocolo de 
ulceración se hizo en 5 caballos con fenilbutazona y periodos de ayuno. Antes y después de aplicar el protocolo 
fueron medidos NO y MDA y se evaluó la presencia de sangre oculta en heces (FOB). Los animales fueron 
sometidos a gastroscopia al inicio y final del protocolo. Resultados: los equinos presentaron variabilidad 
en los exámenes hematológicos y FOB. Se encontró Azotemia, hiperfosfatemia e hipocalcemia en todos los 
animales. No fueron encontradas alteraciones significativas en la actividad enzimática.  Al final del protocolo, 
el 40% de los equinos presentó ulceración gástrica en grado variable. La producción de NO en estómago 
disminuyó 60%, mientras que la producción de MDA aumentó 55% después del protocolo. El promedio de la 
concentración plasmática de MDA aumentó después de 96 horas de iniciar el protocolo. No hubo diferencias 
significativas en el promedio de NO plasmático durante el protocolo. Conclusión: el protocolo utilizado para 
inducir úlceras gástricas produce disminución en la citoprotección derivada del NO e induce estrés oxidativo 
en la mucosa gástrica.

Palabras clave: AINE, anti-inflamatório, antioxidante, estómago, estrés oxidativo.

Resumo

Antecedentes: mecanismos de lesão da mucosa gástrica incluem o dano celular pela ação dos radicais livres 
de oxigênio que pode ser medido a través do malonaldehido (MDA). A produção de óxido nítrico (NO) mante 
a perfusão do tecido gástrico a través da vasodilatação. Objetivo: demostrar estrese oxidativo e alteração da 
perfusão gástrica pela quantificação de NO e MDA a partir do conteúdo gástrico e sangue de equinos que foram 
submetidos a um protocolo de indução de ulceração gastrointestinal. Métodos: realizou-se um protocolo a base 
de fenilbutazona e períodos de jejum em 5 cavalos. Antes e depois do protocolo foram dosados NO e MDA e 
se avaliou a presencia de sangue oculta em fezes (FOB). No início e no final do protocolo, os animais foram 
avaliados pela gastroscopia. Resultados: os equinos apresentaram variabilidade nos exames hematológicos 
e FOB. Encontrou-se azotemia, hiperfosfatemia e hipocalcemia em todos os animais. Não foram achadas 
alterações significativas na atividade enzimática. Ao final do protocolo, o 40% dos equinos apresentou grado 
variável de ulceração gástrica. A produção de NO no estômago diminuiu 60%, entretanto a produção de MDA 
aumentou 55% após do protocolo. A concentração média plasmática de MDA aumentou depois de 96 horas de 
começar o protocolo. Não houve diferencias significativas na média de NO plasmático durante o protocolo. 
Conclusão: o protocolo utilizado para induzir úlceras gástricas produz diminuição na citoproteção derivada 
do NO e induz estresse oxidativo na mucosa gástrica.

Palavras chave: AINE, anti-inflamatório, antioxidante, estômago, estresse oxidativo. 

Introduction

Gastrointestinal mucosa can be damaged by 
factors that cause the expression of complex defense 
mechanisms in the gastrointestinal system, including 
nitric oxide production to maintain tissue perfusion 
through vasodilatation (Brzozowski et al., 1999) and 
prostaglandin E2 to stimulate mucus production.

Nitric oxide (NO) results from nitric oxide 
synthase (NOS) reaction on an l-arginine substrate. 
There are three NOS isoforms, two of which are 
constitutively expressed (neuronal and endothelial), 
and one isoform induced by inflammatory and 
immune processes (Squadrito and Pryor, 1998). The 
NO has multiple functions: it participates in vascular 
reactivity, generates vasodilatation, inhibits platelet 
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aggregation and leukocyte adhesion, and participates 
in phagocytosis and capture of free radicals.

Multiple risk factors have been associated with the 
frequency and severity of gastrointestinal ulcerative 
lesions in horses, including the use of non-steroidal 
anti-inflammatory drugs (NSAIDs), which affect 
protective mechanisms of gastrointestinal mucosa 
and kidney (Blikslager and Jones, 2005; Martinez and 
Silveira, 2014). Phenylbutazone (PBZ) and prolonged 
fasting periods (PFP) have been associated with 
gastric ulcers due to the systemic and local effects 
caused by inhibition of cytoprotective prostaglandins 
and the caustic action of gastric acid, respectively 
(Dowling, 2002; Chapman, 2009). 

Other mechanisms of gastrointestinal mucosal 
injury include the release of oxygen free radicals 
(oxidative stress). Malondialdehyde (MDA) is an 
indicator of oxidative stress and can be measured 
in ulcerative and inflammatory conditions of the 
gastrointestinal tract. The enzymatic pathway is 
not the major route of MDA production, but it is 
the best studied (Onyango and Baba, 2010). The 
enzymatic pathway involves the action of H2 (PGH2) 
on prostaglandin thromboxane synthase. MDA 
generation by the non-enzymatic pathway is based 
on the production of hydroperoxides from fatty acids 
(Del Rio et al., 2005). MDA causes potent biological 
effects on protein, DNA, lipoproteins, and collagen 
(Del Rio et al., 2005).

The aim of this study was to confirm oxidative 
stress and impaired gastric perfusion caused by 
gastrointestinal ulcerative lesions, by evaluating the 
dynamics of NO and MDA from the gastric contents 
and blood of horses subjected to an induction protocol 
for gastrointestinal ulceration.

Materials and methods

Ethical considerations

This assay was evaluated and approved by the 
Federal University of Minas Gerais (UFMG) Ethics 
Committee for Animal Experimentation (CETEA) 
through protocol 234/09.

Location

This uncontrolled assay was conducted at the 
School of Veterinary Medicine of the Federal 
University of Minas Gerais (EV-UFMG), Brazil. Five 
clinically healthy adult mongrel horses (two males 
and three females) between 10 and 22 years of age 
and 487 Kg body weight (BW) were used. During the 
experiment, animals were individually housed and 
fed 1.5% BW Tifton hay (Cynodon dactylon), water, 
mineral salt ad libitum, and commercial concentrate 
at 1% BW supplied twice daily. 

Gastroscopy was performed after 10 days of 
adaptation, clinical and laboratory examinations. 
Gastroscopies were also performed after administering 
a gastric ulcer induction protocol.

The protocol to induce gastric ulcers involved oral 
administration of PBZ associated with PFP. Animals 
were subjected to PFP 24 hours every other day for 
six days, and were not fed grass during that period. 
PBZ was administered at a dose of 10.5 mg/Kg BW/BID 
twice a day on the first two days, and four days after 
the dose decreased to 5.25 mg/Kg BW/BID twice a day.

Clinical examinations were performed daily during 
the protocol. Blood samples were collected every 48 
hours (T0, T1, T2, T3, T4) for hematological and 
biochemical analyses. Plasma NO and MDA were 
measured before and after applying the protocol. 
Gastric content was collected by nasogastric tube 
before and after the protocol to measure NO and MDA 
through the Griess reaction and high-performance 
liquid chromatography (HPLC; Nielsen et al., 
1997), respectively. Presence of fecal occult blood 
(FOB) was also evaluated in the same period using a 
commercial kit (Hemoplus®, Newprov Produtos para 
Laboratório Ltda., Pinhais, PR, Brazil),.

Animals underwent gastroscopy at the beginning and 
the end of the protocol. Animals were not offered solid 
food for 12 to 14 hours before gastroscopy, and were 
sedated by intravenous administration (IV) of 10 µg/Kg 
BW detomidine hydrochloride (Dormosedan®, Zoetis, 
New York, NY, USA). Presence of gastric ulcers was 
diagnosed with a flexible endoscope video (PortaScope®, 
1800 PVS, Bradenton, FL, USA) 12 mm in diameter and 
300 cm in length. The number and severity of injuries 
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before and after the protocol were analyzed through the 
score suggested by MacAllister et al. (1997). 

Data analysis

For statistical analysis, descriptive statistics were 
performed, and Tukey’s test was used to determine 
significant differences (p<0.05) between hematological 
and metabolite values. Linear regression analysis and 
calculation of the correlation coefficient between time 
to progression of PBZ administration combined with 
fasting periods and NO concentration were conducted.

Results

Horses showed different degrees of dehydration 
according to the following hematological parameters: 
hematocrit, erythrocyte count, hemoglobin, and 
total plasma protein (TPP). Progressive leukopenia 
and lymphopenia with neutropenia were evident in 
all animals during the trial. Platelet and leukocyte 
counts showed similar results. Albumin and TPP 
concentrations decreased at the end of the treatment, 
except for equine 4 (Table 1).

The FOB test was positive for equine 2 on the 
third day of the protocol; the remaining animals 

Table 1. Blood chemistry (means and standard deviations) during induction of gastric ulceration in horses.

Time 
(hours after 
protocol 
iniciation)

AP
(86-295 
UI/L)*

LDH
(112-456 

UI/L)*

AST
(226-366 

UI/L)*

Creat
(0.4-2.2 
mg/dL)*

Urea
(21.4-51.5 
mg/dL)*

TB
(0.0-2.4 
mg/dL)*

Ca
(11.2-

13.6 mg/
dL)*

P
(1.5-4.7 

mg/
dL)*

TPP 
(6.0-
8.0 g/
dL)*

ALB 
(2.4-4.1 
g/dL)*

Fibr
(100-400 
mg/dL)*

T0 (0) 151.6 ± 
48.84

199.0 ± 
17.58

180.6 ± 3.6 1.16 ± 
0.18

24.2 ± 
3.19

2.22 ± 
0.66

12.6 ± 
0.63

2.7 ±  
0.25

7.3 ± 
0.43

3.02± 
0.17

380 ± 
213.5

T1 (48) 115.0 ± 
32.98

  56.8 ± 
15.59

197.2 ± 
10.44

1.12 ± 
0.07

  25.8 ± 
5.12

1.18 ± 
0.31

10.2 ± 
1.34

4.7 ±  
1.05

7.1 ± 
0.46

2.9 ± 
0.15

120 ± 
40.0

T2 (96) 165.0 ± 
76.58

  92.8 ± 
21.19

177.6 ± 
16.28

1.54 ± 
0.33

73.0 ± 
17.50

1.60 ± 
0.64

10.6 ± 
0.90

5.5 ±  
2.00

6.8 ± 
0.62

2.7 ± 
0.28

160 ± 
49.0

T3 (144) 201.0 ± 
31.20

166.0 ± 
45.37

164.0 ± 
10.72

1.92 ± 
0.84

64.2 ± 
12.61

2.81 ± 
0.45

  7.2 ± 
1.03

8.3 ±  
3.30

4.8 ± 
0.51

2.1 ± 
0.19

375 ± 
178.5

T4 (192) 203.5 ± 
38.82

  46.5 ± 
23.25

157.2 ± 
14.25

2.22 ± 
0.96

120.7 ± 
38.47

1.27 ± 
0.20

  7.5 ± 
0.95

8.8 ±  
3.08

6.0 ± 
0.62

2.3 ± 
0.25

425 ± 
286.1

T5 (240) 324.3 ± 
76.7

215.7 ± 
98.61

171.0 ± 
20.07

1.20 ± 
0.22

58.0 ± 
12.96

1.48 ± 
0.19

10.1 ± 
1.35

3.9 ± 
0.33

4.9 ± 
0.34

1.5 ± 
0.12

600 ± 
0.00

Reference values: Federal University of Minas Gerais, veterinary hospital, clinical laboratory. 
*AP: alkaline phosphatase; LDH: lactate dehydrogenase; AST: aspartate aminotransferase; Creat: creatinine; TB: total bilirubin; Ca: calcium; P: phosphorus; 
TPP: total plasma proteins; ALB: albumin; Fibr: fibrinogen; IU/L: international units/L; mg/dL= milligrams/deciliter; g/dL= grams/deciliter.

showed FOB since day six. Urea and creatinine 
concentration increased in all horses during the 
protocol. Hyperphosphatemia and hypocalcemia 
were observed in all animals (Table 1). No significant 
alterations were found in enzyme activity or bilirubin 
concentrations. 

Initial gastroscopic examination revealed no 
ulcers, whereas 40% of the horses presented gastric 
ulcers at the end of the protocol. Equine 5 exhibited 
non-glandular mucosal ulcerations (4/4 and 3/5 grades 
in number and intensity, respectively). Meanwhile, 
equine 2 had ulcers in glandular and non-glandular 
mucosa (4/4 grade for both number and intensity). 
Horses 3 and 4 did not develop ulcers. Equine 1 did 
not undergo the second gastroscopy due to sudden 
death at the end of the protocol.

The average NO concentration in gastric content 
was 0.321 ± 0.151 mmol/L and 0.199 ± 0.085 mmol/L 
before and after induction of gastric ulceration, 
respectively. MDA average concentration in gastric 
juice was 1.257 ± 0.667 mmol/L and 2.089 ±  
1.369 mmol/L before and after the protocol, respectively. 
NO production in the stomach decreased by 60%, 
whereas MDA production increased by 55% after the 
protocol.
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Average MDA (mmol/L) plasma concentration 
increased 96 hours after starting the protocol. T4 (192 
hours after protocol initiation) showed a significant 
difference (p = 0.02) in MDA average and coincided 
with the last dose of PBZ. MDA concentration 
decreased during T5 (240 hours after protocol 
initiation; Table 2).

Table 2. Mean and standard deviation of MDA and NO plasma 
concentration at T0, T1, T2, T3, T4, and T5.

Time (hours after 
beginning of 
protocol)

MDA (mmol/L ) ON (mmol/L)

T0 (0) 0.303 ± 0.104 0.733 ± 0.065

T1 (48 h) 0.294 ± 0.132 0.840 ± 0.192

T2 (96 h) 0.483 ± 0.250 1.376 ± 1.365

T3 (144 h) 0.505 ± 0.109 0.950 ± 0.332

T4 (192 h) 0.855 ± 0.105* 1.304 ± 0.646

T5 (240 h) 0.502 ± 0.078 ND

*p<0.05: significant difference; MDA: malondialdehyde; NO: nitric oxide; 
ND: no data.
Significant difference through Tukey test.

Changes in plasma NO were not significant 
despite increases in time and PBZ dose, compared 
to plasma NO at T0. This observation was confirmed 
by linear regression analysis and correlation between 
PBZ progression and NO concentration. Plasma NO 
increased with time in a constant ratio (r = 0.999).

Discussion

Prolonged fasting and/or PBZ affect the 
gastrointestinal tract of equines, acting synergistically 
in terms of side effects, and both are frequently used 
in medical routine. The combination of both factors 
is usually underestimated. The clinical and laboratory 
effects found in this study were similar to those 
reported under experimental conditions and case 
reports of colitis associated to PBZ administration 
(El-Ashker et al., 2012). However, variations of these 
results were not analyzed for statistical significance; 
additionally, horse 1 died and its data were not 
included in the analysis. 

In addition to fasting, anorexia -derived from the 
low palatability of the drug- contributed to dehydration 

and alterations in TPP and calcium levels. Increased 
concentrations of urea and creatinine is a response 
to poor renal perfusion and a nephropathy caused by 
inhibition of cytoprotective prostaglandins resulting 
from PBZ administration (Blikslager and Jones, 
2005). Hyperphosphatemia may be compatible with 
kidney damage and/or associated with hypocalcemia.

Hypoproteinemia and hypoalbuminemia are 
also considered sensitive biochemical indicators of 
PBZ-induced enteropathy in the horse (El-Ashker 
et al., 2012). Loss of plasma proteins through the 
gastrointestinal tract is the result of ulcerations and 
bleeding, evidenced by the presence of FOB and 
initial thrombocytopenia, as shown in this assay.

Leukogram changes were detected during PBZ 
administration, indicating an inflammatory process 
with tissue infiltration by leukocytes in organs 
potentially affected by the ulceration protocol. This 
finding is characteristic in horses treated with PBZ or 
horses with severe endotoxemia (McConnico et al., 
2008; El-Ashker et al., 2012). The role of infiltrating 
neutrophils in damaged intestine is well known (Gayle 
et al., 2000; Tomlinson and Wilder, 2004); however, 
there is evidence of response variability in segments 
of the digestive tract of horses in accordance with the 
nonsteroidal anti-inflammatory drug (NSAID) type 
(Marshall and Blikslager, 2011).

Side effects are mainly attributed to the inhibition 
of cytoprotective PGS prostaglandins because of 
cyclooxygenase pathway blockage by PBZ. However, 
recent studies have shown that NSAID does 
not affect the expression of COX 1 and COX-2 
genes (Nieto et al., 2012). Another study also 
showed increased PGE2 concentration in gastric 
contents after oral administration of PBZ (Martínez-
Aranzales et al., 2014). The findings support the 
hypothesis that oxidative stress is another pathway 
in gastrointestinal mucosal injury; for instance, NO 
and MDA concentrations have been experimentally 
observed in gastric tissue after a single administration 
of PBZ (Martínez-Aranzales et al., 2014), and plasma 
concentration of those metabolites has been reported 
in clinical cases (El-Ashker et al., 2012). 

NO is involved in maintaining the integrity of 
gastric mucosa and is considered gastroprotective, 
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as it regulates the production of hydrochloric acid, 
modulates perfusion, captures free radicals (Wink et 
al., 2001; Abdallah, 2010), and accelerates mucosal 
re-epithelialization (Li et al., 2000). Imbalance in the 
concentration of this metabolite in rat gastric tissue 
has been described after indomethacin treatment 
(Słomiany et al., 1999; Polat et al., 2010).

This study showed decreased NO concentration in 
gastric contents due to PBZ. However, no significant 
change was observed in plasma indicating that oral 
PBZ administration and fasting affect gastric mucosa 
integrity in a localized mode, and that gastroprotection 
assessment is more representative in the gastric 
juice. Similar findings were reported in gastric tissue 
of rats treated with indomethacin (Motawi et al., 
2008; Abdallah, 2010). However, El-Ashker et al. 
(2012) found high prognostic value of NO in colitis 
associated with PBZ administration, significantly 
increasing in non-surviving patients. 

Because of its nature, NO concentration is likely to 
be variable based on the complexity of the biological 
matrices (e.g., interaction with hemoglobin). 
Similarly, the technique used explains the different 
results in this study compared with those previously 
reported (Beall et al., 2012; Sun et al., 2003).

MDA is an end product of cell membrane lipid 
peroxidation by free radicals; therefore, MDA is 
considered as a primary biomarker of oxidative stress. 
Naito et al. (1998) considered oxidative stress as an 
injury mechanism of NSAIDs, independent of PG 
prostaglandin inhibition. Rat studies have attributed 
MDA increase in gastric mucosa to oxidative damage 
after diclofenac administration (Sánchez et al., 2002).

In this study, MDA showed an upward dynamic 
in both gastric juice and blood, suggesting local and 
systemic effects of free radicals derived from PBZ 
administration during fasting. Similarly, a study 
showed that MDA increased in equine gastric mucosa 
after PBZ administration, and a single administration 
of antioxidants decreased oxidative stress parameters 
related to PBZ (superoxide dismutase, catalase, and 
NO; Martínez-Aranzales et al., 2014) indicating a 
direct involvement of free radicals in cell damage.

Previous horse studies have measured MDA in 
PBZ-associated colitis. Plasma concentration of 
MDA is considered a prognostic biomarker in this 
condition (El-Ashker et al., 2012). Increased blood 
MDA followed by flatulent and impaction colic have 
suggested oxidative stress in a previous report (Ibrahim, 
2014). However, McConnico et al. (2008) did not find 
significant differences for MDA in samples of right 
dorsal colon of horses treated with PBZ for 21 days. 
In this study, plasma MDA at T4 showed a significant 
increase, possibly indicating that systemic expression 
of gastric oxidative stress requires the course of at least 
8 days; however, this behavior must be re-evaluated 
with a greater number of animals, and the presence of 
systemic inflammatory response syndrome (SIRS) must 
be considered in such protocols as well. 

The increase of free radicals due to alterations of 
endogenous antioxidant mechanisms and increased 
leukocyte infiltration in the gastrointestinal mucosa 
can be measured indirectly through MDA, and 
both effects were observed in this study after PBZ 
administration. An increase of this biomarker has 
also been observed with other NSAIDs, such as 
indomethacin and diclofenac (Devi et al., 2007; 
Abdallah, 2010; Polat et al., 2010). However, it must 
be considered that MDA increase can also occur in 
the absence of NSAIDs, such as during ischemia-
reperfusion injury in equine jejunum (Kooreman et 
al., 1998) and other enzyme and non-enzyme sources 
(Hecker and Ullrich, 1989; Onyango and Baba, 2010).

Differences between MDA concentrations in this 
study and those reported in other studies of the same 
nature are possibly due to the diversity of samples 
(urine, plasma, serum, and tissue) and method 
variability due to chemical interferences. This study 
used HPLC, which has great sensitivity and specificity 
by separating contaminant complexes in specific 
columns (Karatas et al., 2002). Other studies used 
spectrophotometry.

Furthermore, oxidative stress observed in animals 
that did not develop ulcers was probably due to 
housing stress and damage from PBZ in other 
segments of the gastrointestinal tract (El-Ashker et 
al., 2012). FOB was observed as a result of severe 
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ulcerative lesions developed in intestinal segments 
(data not shown). It is known that continued PBZ 
administration generates ulcerations in the colon and 
ileocecal valve (El-Ashker et al., 2012). However, the 
absence of ulcers does not preclude the presence of 
non-ulcerative inflammatory lesions.

It can be concluded that the protocol used in this 
study to induce gastric ulcers decreases cytoprotection 
and generates oxidative stress in the gastric mucosa, as 
evidenced by increased MDA in the gastric contents. 
Oxidative stress by PBZ is directly proportional to 
administration time, and fasting can potentiate this effect.
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