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AB S TR AC T
Background: Chronic hypoxia causes apoptosis of cardiac myocytes, however, energy
production by anaerobic glycolysis protects myocardium against hypoxia injuries. Aldolase A is a well-characterised key enzyme of the glycolysis pathway . Ghrelin, a 28-aminoacid peptide, synthesizes in the stomach and has protective roles in cardiovascular systems and also affects metabolic pathways.
Objectives: Therefore, the aim of this study was to evaluate the effect of ghrelin on aldolase A gene expression after chronic hypoxia in the rat hearts
Materials and Methods: Twenty four adult male wistar rats were randomly divided into
three groups. Hypoxic rats with saline or ghrelin treatment were placed in a normobaric
hypoxic chamber (O2 11 %), for two weeks. Controls remained in room air. Aldolase A gene
expression was measured by Real-Time RT-PCR.
Results: the transcriptiom rate of Aldolase A in hypoxic animals did not change significantly compared to negative control ones. During chronic hypoxia, ghrelin treatment
increased the amount of heart Aldolase A gene expression compared to negative controls (P = 0.029). Hypoxic animals that were treated with ghrelin were significantly more
polycythemic than the controls and even hypoxic with saline treated rats (P < 0.001).
Conclusions: It seems that ghrelin interferes in the cardiac metabolism through upregulation of glycolytic enzymes. In other words, it may protect heart from possible hypoxia
induced damages.
Publish by Kowsar Corp. All rights reserved.

Implication for health policy/practice/research/medical education:
The result of the present study reveals another therapeutic potential of ghrelin in cardiovascular system.
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1. Background
Prolonged hypoxia causes cardiac myocytes apoptosis
(programmed cell death) leading to myocardial dysfunction (1, 2). Enhanced energy production via anaerobic
glycolysis is the major mechanisms promoting myocardial survival during hypoxia (3-7). Moreover, Malhotra et
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al. demonstrated that glycolysis of extracellular glucose,
protects cardiac myocytes from hypoxic injury and subsequent apoptosis (8). One well-characterised key enzyme of the glycolytic pathway is aldolase (9). In higher
vertebrates, 3 tissue-specific isoenzymes (A, B, and C type)
are identified which aldolase A is found in muscle tissue
(10). Furthermore, hypoxia response elements have been
characterized in aldolase A (11, 12).
Ghrelin, a 28-amino-acid peptide, discovered in 1999 as
an endogenous ligand of the growth hormone secretagogue receptor, synthesizes by the endocrine cells of the
gastric mucosa and its receptor has been found in heart
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(13, 14). This peptide has direct beneficial effects on several aspects of heart function and protects myocytes from
different injuries (15, 16). Ghrelin, can also attenuate cardiac dysfunction and energy metabolic disturbance in
chronic heart failure (17) . It has been revealed that ghrelin affects cardiac metabolism via AMP-activated Protein
Kinase (18).

DNA. Single stranded cDNAs were synthesized by incubating total RNA (1µg) with RevertAid H Minus M-MuL V
Reverse transcriptase (200 U), oligo-(dT)18 primer (5 μM),
Random Hexamer Primer (5 μM), dNTPs (1 mM), and RiboLock RNase-inhibitor (20 U), for 5min at 25°C followed
by 60 min incubation at 42°C in a final volume of 20 µl.
Reaction was terminated by heating at 70°C for 5 min.

2. Objectives

3.4. Real-Time Relative Quantitative RT-PCR

Based on this background, the aim of this study was to
evaluate the effect of ghrelin on aldolase A gene expression, in the heart of chronic hypoxic rats.

Quantitative Real Time PCR was performed using the
Corbett Life Science (Rotor-Gene 6000) System,2 μL of a
3-fold diluted cDNA were added in each PCR reaction with
a final volume of 20 μL. Each PCR reaction contained 5 pM
of primers and 1 × FastStart SYBR Green Master (Roche).
primer Sequences are shown in Table1. PCR amplification performed by three repeated cycles of temperature
dependent steps : (1) denaturation of cDNA (1 cycle: 95°C
for 10 min); (2) amplification (40 cycles: 95°C for 15 sec,
57°C for 30 sec 60°C for 34 sec); (3) melting curve analysis (1 cycle: 60 to 95°C with temperature transition rate
1°C/sec). A mixture of serially diluted cDNA of all samples
were used to generate standard curves. β-actin (Actb)
mRNA expression levels were applied to calculate relative
expression levels. All data are presented as the ratio of the
target geneto Actb. The relative quantification was calculated by 2(−ΔCt) : Expression of target genes/ β-actin = (1+E)
-Ct
target gene/ (1+E) -Ct β-actin . The \PCR reaction specificity was verified by generation of a melting curve analysis
followed by gel electrophoresis, visualized by ethidium
bromide staining (19).

3. Materials and Methods
3.1. Animals and Chronic Hypoxia Model Design
All experiments on animal subjects were conducted in
accordance with the highest ethical standards of the Medicine faculty, Tabriz University of Medical Sciences, Iran. Male
adult wistar rats (200-250gr) were housed in cages in a temperature and light-controlled environment and provided
with food and water ad libitum. Animals were randomly
divided into 3 groups of 8 rats, including control (C), hypoxia with saline (H+S), and hypoxia with ghrelin (H+G).
In hypoxic groups (H+S and H+G), hypoxia was induced by
Environmental Chamber System GO2Altitude (Biomedtech
Australia Pty. Ltd), which generates hypoxic air without the
need for a gas cylinder. H+S and H+G animals were placed
in a ventilated chamber inflated by hypoxic air (O2 11 %),
simulated to 5150 m above sea level. An O2 sensor and controller was embedded in the chamber wall to monitor the
O2 concentration. Animals were kept in the chamber for two
weeks except for 20 min/day to clean the cages and perform
daily injections (19).

3.2. Drug Administration
Rats received a subcutaneous injection of either saline
(0.1 ml) or ghrelin (150 µg/kg/day in 0.1 ml) (19), and were
then placed into the hypoxic chamber. H+S and H+G rats
continuously received daily injections of either saline or
ghrelin during the 2 weeks . Ghrelin was obtained from
the Tocris Bioscience Co. (Bristol,UK), and administered
dissolved in saline as the vehicle.

3.5. Statistical Analysis
Expression of Aldolase A was obtained through the Corbett Rotor-Gene 6000 and expressed as Ct (cycle threshold), ∆Ct (Ct of target gene – Ct of House keeping gene).
The collected data were analyzed using statistical SPSS
software, version 16. Variables were reported as means
with standard deviations. Data were analyzed by one-way
ANOVA to evaluate differences between groups. according to equality of variancespost hoc analyses were performed using the Tukey tests For multiple comparisons
which statistical significance was reached.

4. Results

3.3. RNA Extraction and First-Strand cDNA Synthesis
Total cellular RNA was extracted from rat heart tissue
using Trizol Reagent(Invitrogen, USA) according to the
manufacturer’s instruction,and the isolates were treated
with RNase-free DNase to remove any residual genomic

4.1. Hematocrit Measurement
After two weeks of treatment , the average hematocrit
of C, H+S and H+G groups were 45.14 % ± 1.01, 59.10 % ± 1.37

Table 1. Sequences of Oligonucleotide Primers

Forward Primer

Reverse Primer

Product Size (bp)

Aldolase A

ATGCCCCACCCATACCCAGCACT

AGCAGCAGTTGGCGGTAGAAGCG

191

β-actin

TCCTCCTGAGCGCAAGTACTCT

GCTCAGTAACAGTCCGCCTAGAA

153

554
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and 69.57 % ± 0.89 respectively in which a significant polycythemia occurred in H+S and H+G animals compared
with the C group ( P < 0 .0001) (Figure 1).

4.2. Effect of Hypoxia on Aldolase Gene Expression
After 2-weeks of hypoxia, Aldolase A transcripts of hypoxic animals did not change significantly compared to
control animals (P = 0.845) (Figure 2).

4.3. Effect of Ghrelin on Aldolase Gene Expression During Hypoxia
During chronic hypoxia, ghrelin treatment increased
the amount of heart Aldolase A gene expression com-

Figure 1. Average Hematocrit After Two Weeks in Control, Hypoxic With
Saline, And Hypoxic With Ghrelin Groups.

Data are reported as mean ± SEM.*(p < 0.001) significant difference compared
with control subjects and # (p < 0.001) significant difference compared with
H+S. Ghrelin was injected subcutaneously (150 µg/kg/day in 0.1 ml).

Figure 2. Relative Quantitative RT-PCR of Aldolase A to β-actin (n = 8).

Data are presented as mean ± SEM. * significandifference from normoxia (P
< 0.05). ≠ significant difference between chronic hypoxic rats treated with
saline v.s ghrelin (P < 0.05).
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pared to normal controls (P = 0.029) (Figure 2). Furthermore, data analysis showed that expression of Aldolase A
in the H+G heart animals was increased by 3.87- fold compared with hypoxic group (P = 0.009).

5. Discussion
To validate our hypoxic model, it was necessary to measurehe matocrit level of different groups. Interestingly,
severe polycithemia has been observed among hypoxic
animals treated with ghrelin. In the present study, the
mechanism of ghrelin reaction was not completely understood ; however, ghrelin effect on hematopoisis systems including erythropoietin in the kidney and stress
erythropoiesis in spleen is a subject for further studies.
It must be noted that ghrelin receptors are presented in
the mentioned organs. Although it seems that ghrelin
leads to an increase in blood viscosity, but is supported
by its well-known vasodilating effect (20-22), the adverse
outcomes will be neutralized and slight changes will be
added to total peripheral resistance (TPR) and cardiac
performance.
According to the result of this study, hypoxic condition did not cause significant change in gene expression
of glycolytic enzyme aldolase A in the heart. This finding
is in conformity with those reported by Martinez et al.
(23). Based on the result of this study, ghrelin treatment
increased the expression of Aldolase A. Considering the
fact that the cells must be able to maintain glycolysis at a
level that is sufficient to sustain ATP under hypoxia, this
finding introduces a positive effect of ghrelin. However,
the mechanism of this effect of ghrelin could be under
scrutiny. To date, many investigating groups have found
evidences that ghrelin exerts potent cardiovascular
protections on various cardiovascular diseases such as
heart failure, myocardial infarction and pulmonary hypertension (15-17). In 2005, Kola and coworkers reported
that ghrelin stimulates AMPK activity in the heart (24).
Since the AMPK has a prominent role in energy sensing
and metabolism (25, 26), the present findings provide
important evidence of interaction between ghrelin and
metabolism regulation in hypoxic conditions, probably
through AMPK. As reported by Xu et al., it is also remarkable that exogenous administration of ghrelin could be
a new therapeutic approach to the treatment of severe
CHF because it can attenuate the myocardial metabolic
disorders (27). Another fact is that chronic peripheral
ghrelin administration to lean rats up-regulates AKT
activation in the muscle (28). It has been reported that
Ghrelin inhibits apoptosis in cultured cardiomyocytes
and endothelial cells through activation of ERK1/2 and
AKT serine kinase (29). Given the proposed role of AKT
in glucose metabolism (30), this is an additional mechanism that ghrelin possibly affects this glycotic enzyme
activity. Despite the beneficiary effect of promoting glycolysis with the purpose of continuous supply of glu-
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cose in hypoxic condition, the cells must be able to clear
the excess acid produced by anaerobic glycolysis. As
follows, other researchers believe that glycolysis could
aggravates the condition by producing lactic acid (31,
32) However, this uncomplimentary effect is repeatedly
marked in cardiac myocytes of failing hearts, but not
those of normal hearts in which adaptations to hypoxia
activate more efficiently (33).
In conclusion, ghrelin probably supports heart metabolic needs in hypoxic conditions by induction of glycolysis enzymes but the molecular mechanisms should
be elucidated.
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