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ABSTRACT
PURPOSE: To investigate the effects of preventive enteral administration of ornithine alpha-ketoglutarate (OKG) in an ischemia-
reperfusion rat model.
METHODS: Sixty rats were randomized into five groups (G1-G5, n = 12). Each group was divided into two subgroups (n = 6) and
treated with calcium carbonate (CaCa) or OKG by gavage. Thirty minutes later, the animals were anesthetized with xylazine 15mg +
ketamine 1mg ip and subjected to laparotomy. G1-G3 rats served as controls. Rats in groups G4 and G5 were subjected to ischemia for
30 minutes. Ischemia was achieved by clamping the small intestine and its mesentery, delimiting a segment of bowel 5 cm long and 5
cm apart from the ileocecal valve.  In addition, G5 rats underwent reperfusion for 30 minutes. Blood samples were collected at the end
of the laparotomy (G1), after 30 minutes (G2, G4) and 60 minutes (G3, G5) to determine concentrations of metabolites (pyruvate,
lactate), creatine phosphokinase (CPK), thiobarbituric acid reactive substances (TBARS) and glutathione (GSH).
RESULTS: There was a significant decrease in tissue pyruvate and lactate and plasma CPK levels in OKG-treated rats at the end of
reperfusion period. GSH levels did not change significantly in ischemia and reperfusion groups. However, TBARS levels increased
significantly (p<0.05) in tissue samples in OKG-treated rats subjected to ischemia for 30 minutes.
CONCLUSION: Short-term pretreatment with OKG before induction of I/R decreases tissue damage, increases pyruvate utilization
for energy production in the Krebs cycle and does not attenuate the oxidative stress in this animal model.
Keywords: Intestine, Small. Ischemia. Reperfusion. Oxidative Stress. Ornithine. Rats.

RESUMO
OBJETIVO: Investigar os efeitos da administração enteral preventiva de ornitina alfa-cetoglutarato (OKG) em modelo de isquemia-
reperfusão no rato.
MÉTODOS: Sessenta ratos foram randomizados em cinco grupos (G1-G5, n=12). Cada grupo foi redistribuído em dois subgrupos
(n=6) e tratado com carbonato de cálcio (CaCa) ou OKG por gavagem. Trinta minutos mais tarde, os animais foram anestesiados com
xilazina 1mg+cetamina 15mg i.p. e submetidos à laparotomia. Os ratos dos grupos G4-G5 foram submetidos à isquemia por 30
minutos. A isquemia foi obtida por pinçamento do intestino delgado, delimitando um segmento com 5 cm de comprimento e distando
5 cm da válvula ileocecal. O grupo G5 foi submetido à reperfusão por 30 minutos.  Amostras de sangue foram coletadas no final da
laparotomia (G1), após 30 minutos (G2, G4) e 60 minutos (G3, G5) para determinação das concentrações de metabolitos (piruvato,
lactato), creatinofosfoquinase (CPK), substâncias reativas ao ácido tiobarbitúrico (TBARS) e glutationa (GSH).
RESULTADOS: Observou-se redução significante (p<0,05) das concentrações de piruvato e lactato, teciduais e CPK plasmático em
ratos tratados com OKG, no final do período de reperfusão. Não houve alteração significante nos níveis plasmáticos e teciduais de
GSH. Entretanto os níveis de TBARS aumentaram significativamente (p<0,05) em amostras de tecido de ratos tratados com OKG
submetido à isquemia por 30 minutos.
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CONCLUSÃO: o pré-tratamento em curto prazo com OKG antes da indução da I/R diminui a lesão tecidual, aumenta a utilização de
piruvato para produção de energia no ciclo de Krebs, mas não atenua o estresse oxidativo neste modelo animal.
Descritores: Intestino Delgado. Isquemia. Reperfusão. Estresse Oxidativo. Ornitina. Ratos.

Introduction

Small bowel ischemia induces an early reduction of villi
height in jejunum and ileum, causing decreased mucosal thickness
in rats1. In humans, only 30 minutes of small bowel ischemia brings
about an early destruction of villus tips, with enterocyte shedding
into the lumen2.

Intestinal ischemia occurs in the absence or decrease in
blood flow due to acute or chronic mesenteric vessels obstruction.
During ischemia, the intestinal tissue needs to use anaerobic
alternative routes to replace adenosine triphosphate (ATP) required
to preserve the minimal metabolism that maintain cell homeostasis
and function. Such mechanisms are fragile and generally effective
for only a few hours, while producing potentially harmful
substances such as lactic acid and precursors of free radicals such
as xanthine oxidase. Resulting from the inability to replenish ATP
in the ischemic area, energy production ceases. Next, by-products
of purine hypoxanthine, xanthine and iosine metabolism,are
produced. With the return of blood flow (reperfusion) the oxygen
will react with these metabolites generating highly reactive free
radicalsm resulting in local and systemic oxidative stress3-5. Several
methods can be used to obtain ischemia: arterial obstruction by
vascular clamping, shock, hypothermia and surgical tapes for timed
release of blood flow. A review of the literature showed that the
preference of researchers is by vascular clamping, followed by
stenosis or extrinsic vascular compression6.

Alpha-ketoglutarate is a precursor of glutamine and when
linked to two molecules of ornithine becomes a new compound,
the ornithine alpha-ketoglutarate (OKG). The administration of
pharmacological doses of OKG in burned rats controls the
reduction of muscle glutamine (GLN) as opposed to direct
administration of GLN7. Raul et al.8 demonstrated that after three
days of fasting, rats fed with  OKG (1g/kgdia) showed hyperplasia
in the intestinal villi and increase in brush border hydrolases8. OKG
administration is associated with reduced protein turnover,
decreased myofibrillar protein catabolism, attenuation in protein
synthesis and in muscle glutamine drop9. Oral and parenteral OKG
preparations are available. Considering that parenteral OKG is not
easily obtainable, the use of oral preparations administered by
gavage or in diet is frequently chosen by researchers9-11.

GLN is a conditionally essential nutrient during sepsis or
trauma12. Recently, glutamine has been demonstrated to protect
against ischemia/reperfusion (I/R) injury of the gut, heart, liver
and skeletal muscle13. The mechanism is still incompletely
understood and may be partly related to the preservation of

GSH content14-15. Considering all the above, this study aims to
investigate whether short-term enteral OKG pretreatment has
beneficial systemic and/or local effects in rat small bowel ischemia/
reperfusion model.

Methods

Approval for experimental use of laboratory animals was
obtained  on February, 2008  from the local Ethics Committee on
the Use of Animals (CEUA) former Ethics Committee on Animal
Use (CEPA) (Protocol #127/07) in view of the Federal Law No.
11794 of October 8, 2008, http://www.planalto.gov.br/ccivil_03/
_Ato2007-2010/ 2008/Lei/L11794.htm and Decree No. 6689 of
July 15, 2009 that regulated the Law 11794, available at: http://
www.planalto.gov.br/ccivil_03/_Ato2007-2010/2009/Decreto/
D6899.htm. The study was designed so as to minimize the number
of animals required for the experiments. All animals were housed
in polypropylene cages at ambient temperature of 24oC on a 12 h
light-dark cycle.

Study design

Sixty rats were randomized into five groups (G1-G5, n =
12). Each group was divided into two subgroups (n = 6) and treated
by gavage with calcium carbonate 5.0g/kg (CaCa) or OKG 5.0g/
Kg dissolved in 2.0 ml of distilled water. Thirty minutes later, the
animals were anesthetized with xylazine 15mg + ketamine 1mg ip
and subjected to laparotomy. G1-G3 rats served as controls. Rats
in groups G4 and G5 were subjected to ischemia for 30 minutes.
Ischemia was achieved by clamping the small intestine and its
mesentery, delimiting a segment of bowel 5 cm long and 5 cm
apart from the ileocecal valve.  In addition, G5 rats underwent
reperfusion for 30 minutes after the second operation for removal
of hemostatic clips. Blood samples were collected at the end of
the laparotomy (G1), after 30 minutes (G2, G4) and 60 minutes
(G3, G5) to determine concentrations of metabolites (pyruvate,
lactate), creatine phosphokinase (CPK), thiobarbituric acid reactive
substances (TBARS) and glutathione (GSH).

Chemicals and drugs

OKG powder for solution (Cétornan®) was purchased
from Chiese SA, Courbevoie, France. All other chemicals were
purchased from standard commercial sources and were of the
highest quality available.
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Laboratory parameters

Plasma and tissue metabolites (pyruvate, lactate)16,
oxidative stress (malondialdehyde - MDA, reduced glutathione –
GSH)17,18 were evaluated by methods described in the
literature.CPK was determined using the optimized standard
method.

Statistical analysis

Graphpad Prism 5.0 (GraphPad Software,
www.graphpad.com) was used for statistical analysis and graphics
design.  Results are reported as mean ± SD. All data were tested
for distribution by Kolmorogov-Smirnov test.  Unpaired t-test was
used for comparisons between CaCa and OKG groups. ANOVA
was used to compare sham groups. P values of less than 0.05 were
considered significant.

Results

Surgical trauma induced an apparent gradual increase of
CPK levels in rats treated with CaCa (155.32±9.83, 178.82±5.06
and 181.01±6.13, in G1, G2 and G3 groups respectively) but
without significant differences. The values were unchanged in rats
treated with OKG (Figure 1). There was a significant decrease in
plasma CPK  (Figure 2) levels in OKG-treated rats at the end of
reperfusion period.
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FIGURE 1 - Plasma CPK levels (international units per liter) in samples
from CaCa and OKG-pretreated rats. Bars represent mean±SD at different
timepoints in rats subjected to surgical trauma (laparotomy). CPK levels
in OKG and in CaCa-treated rats were not different by ANOVA test.
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FIGURE 2 - Plasma CPK levels (international units per liter) in samples
from CaCa   and OKG-pretreated rats. Bars represent mean±SD of
ischemia (blue bars) and reperfusion (red bars) groups at the end of the
ischemia (30 min) and reperfusion (30 min). CPK levels in OKG treated
rats decreased significantly at the end of reperfusion compared with CaCa-
treated rats by Student´s t test.

There was a significant decrease in tissue pyruvate
(Figure 3) and lactate (Figure 4) levels in OKG-treated rats at
the end of reperfusion period.
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FIGURE 3 - Tissue pyruvate levels (micromoles per gram of fresh tissue)
in samples from CaCa and OKG-pretreated rats. Bars represent mean±SD
of ischemia (blue bars) and reperfusion (red bars) groups at the end of
the ischemia (30 min) and reperfusion (30 min). Pyruvate levels in OKG
treated rats decreased significantly at the end of reperfusion compared
with CaCa-treated rats by Student´s t test.
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FIGURE 4 - Tissue lactate levels (micromoles per gram of fresh tissue)
in samples from CaCa and OKG-pretreated rats. Bars represent mean±SD
of ischemia (blue bars) and reperfusion (red bars) groups at the end of
the ischemia (30 min) and reperfusion (30 min). Lactate levels in OKG
treated rats decreased significantly at the end of reperfusion compared
with CaCa-treated rats by Student´s t test.

GSH levels did not change significantly in ischemia and
reperfusion groups (Figures 5 and 6). However, TBARS levels
increased significantly (p<0.05) in tissue samples in OKG-treated
rats subjected to ischemia for 30 minutes (Figure 7).
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FIGURE 5 - Reduced glutathione levels (micromoles per liter) in plasma
samples from CaCa and OKG-pretreated rats. Bars represent mean±SD
of ischemia (blue bars) and reperfusion (red bars) groups at the end of
the ischemia (30 min) and reperfusion (30 min). GSH levels in OKG
treated rats are not different from CaCa-treated rats by Student´s t test.

Discussion

In this study, the influence of OKG administration on
I/R-related intestine injury was investigated in an ischemic small
bowel segment model. Although a possible preventive effect of
OKG administration against I/R injury has been evoked, no major
effect of this therapy was noted here as hypothesized, considering
that OKG is a precursor of arginine and GLN19 which are presumed
to potently interfere with I/R-induced lesions.
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FIGURE 6 - Reduced glutathione levels (micromoles per gram of fresh
tissue) in small intestine samples from CaCa and OKG-pretreated rats.
Bars represent mean±SD of ischemia (blue bars) and reperfusion (red
bars) groups at the end of the ischemia (30 min) and reperfusion (30
min). GSH levels in OKG treated rats are not different from CaCa-treated
rats by Student´s t test.
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FIGURE 7 - Thiobarbituric acid-reactive substances levels (micromoles
of malondialdehyde per gram of fresh tissue) in small intestine samples
from CaCa and OKG-pretreated rats. Bars represent mean±SD of ischemia
(blue bars) and reperfusion (red bars) groups at the end of the ischemia
(30 min) and reperfusion (30 min). TBARS levels in OKG treated rats
were greater than in CaCa-treated rats by Student´s t test.
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The fact that CPK levels were not different in sham rats
suggests that the surgical trauma was similar in all timepoints
(Figure 1). However, when OKG-treated rats were subjected to I/
R, CPK levels fell significantly after reperfusion.  The decrease in
CPK levels (Figure 2) demonstrates a decrease in tissue damage
in OKG-treated rats.

The significant decrease in tissue pyruvate (Figure 3) and
lactate levels (Figure 4) at the end of reperfusion period in OKG-
treated rats suggest an increased use of pyruvate for energy
production in the Krebs cycle by reducing its conversion to
lactate.besides demonstrating the energy-enhancing action of OKG.
Pyruvate is an energy substrate with known cytoprotective
properties. Today we know that this is due not only to its antioxidant
action, but also because it reduces the intracellular acidosis.
However, the precise mechanisms of action of pyruvate in the
mitochondria are still largely unknown20.

The increase in TBARS levels (Figure 7) in rats subjected
to ischemia for 30 minutes points to a possible peroxidative activity
of OKG during ischemia.

Schuster et al.21 studied the effects of dietary OKG
supplementation in  a rodent model of liver ischemia and found
no alterations in lipid peroxidation products. They concluded that
OKG seems to act on the inflammatory response rather than on
oxidative reactions.

GSH is a tripeptide (glutamyl-cysteinyl-glycine) that has
functions as the maintenance of cellular activity, the detoxification
of xenobiotic compounds and the action against free radicals22.
Plasma GSH is largely derived from the liver and skeletal muscle
which releases GSH in proportion to tissue concentrations23,24.
Thus, plasma GSH levels may reflect systemic oxidative stress25.

GSH is the source of Intracellular glutamate by the action
of glutaminase. Glutamate is transported poorly across cell
membranes and glutamine readily crosses this membrane. The
depletion of GLN directly causes a reduction in cellular GSH
content; an adequate supply of glutamine is essential for GSH
synthesis26. The absence of changes in GSH levels during ischemia
and reperfusion (Figures 5 and 6) in OKG-treated rats may reflect
increased consumption of the tripeptide by damaged tissue. Another
possible explanation is that short-term pretreatment with OKG
before induction of I/R does not attenuate the oxidative stress, at
least in this animal model.

Conclusion

Short-term pretreatment with ornithine alpha-
ketoglutarate before induction of ischemia-reperfusion decreases
tissue damage, increases pyruvate utilization for energy production
in the Krebs cycle but does not attenuate the oxidative stress in
this animal model.
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