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Abstract
Background  This study evaluated L-carnitine’s impact on oxidative stress, lipid metabolism, and pulmonary 
hypertensive response in broilers under high-altitude and cold stress.

Method  A total of 225 male broiler chicks (Ross 308, 38.5 ± 0.5 g) were raised at 2100 m altitude and exposed to cold 
stress. Birds were divided into three groups: control, LC-50 (50 mg/kg L-carnitine), and LC-100 (100 mg/kg L-carnitine). 
At 42 days, blood and tissues were collected to measure malondialdehyde (MDA), nitric oxide (NO), hematocrit, and 
right ventricular to total ventricular weight (RV: TV) ratio (PHS indicator). Gene expression of superoxide dismutase 1 
(SOD1), glutathione peroxidase (GPX), catalase (CAT), carnitine palmitoyltransferase 1 (CPT1), carnitine palmitoyltransferase 
2 (CPT2), and inducible nitric oxide synthase (iNOS) was analyzed in the heart, lung, and hindbrain using real-time 
quantitative polymerase chain reaction (RT-qPCR).

Results  The RV: TV ratio, MDA levels, and hematocrit (%) significantly decreased in the LC-50 and LC-100 groups 
compared to the control group, while nitric oxide levels increased (For all P < 0.05). The expression of SOD1, GPX, 
CAT, and iNOS genes was significantly increased in the heart, lung, and hindbrain of the LC-100 group compared to 
the control group (P < 0.05), while CPT1 and CPT2 expression increased significantly only in the heart and hindbrain 
(P < 0.05).

Conclusion  Dietary L-carnitine, especially at 100 mg/kg, effectively alleviates oxidative stress, enhances vasodilation, 
improves lipid metabolism, and mitigates pulmonary hypertensive responses in broilers exposed to high-altitude 
hypoxia and cold stress.
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Introduction
Broiler chickens raised at high-altitude are exposed to 
hypobaric hypoxia which negatively affects their growth, 
metabolism, and overall health [1]. Hypoxia disrupts nor-
mal metabolic processes and induces oxidative stress, 
marked by an imbalance between reactive oxygen spe-
cies (ROS) production and antioxidant defenses [2]. This 
imbalance can lead to cellular damage, reduced growth 
performance, and induction of pulmonary hypertension 
syndrome (PHS) in these birds [3]. Concurrently, cold 
stress increases energy demands as birds expend more 
energy to maintain their body temperature, diverting 
resources away from growth and productivity [4]. This 
heightened metabolic rate also accelerates the produc-
tion of ROS, exacerbating oxidative stress. The combined 
effect of hypoxia and cold stress creates a synergistic bur-
den, increasing the birds’ vulnerability to PHS [5].

PHS arises when the cardiopulmonary system fails to 
meet the oxygen demands of rapidly growing tissues, par-
ticularly under hypoxic conditions leading to pulmonary 
vasoconstriction, increasing the workload on the right 
ventricle of the heart. Over time, this results in right ven-
tricular hypertrophy and, eventually, right-sided heart 
failure [6].

Nitric oxide (NO), is a critical signaling molecule pro-
duced by endothelium and other cells. NO plays a vital 
role in regulating vascular tone by promoting vasodila-
tion and maintaining blood flow. Under hypoxic condi-
tions, NO is often reduced due to its scavenging by ROS. 
This reduction in NO disrupts vascular homeostasis, 
leading to increased vasoconstriction and PHS develop-
ment [7, 8].

The body’s defense against oxidative stress relies on 
endogenous antioxidant enzymes, such as superoxide 
dismutase 1 (SOD1), glutathione peroxidase (GPX), 
and catalase (CAT). SOD1 catalyzes the dismutation of 
superoxide radicals (O₂•⁻) into hydrogen peroxide (H₂O₂) 
and oxygen (O₂). GPX then reduces hydrogen peroxide 
and lipid hydroperoxides to water and alcohol. CAT fur-
ther breaks down hydrogen peroxide into water and oxy-
gen, preventing the formation of highly reactive hydroxyl 
radicals through the Fenton reaction. In high-altitude 
environments, the overproduction of ROS overwhelms 
the antioxidant defense system, leading to oxidative dam-
age to lipids, proteins, and DNA [9, 10].

Moreover, hypoxia and oxidative stress impair lipid 
metabolism which plays a central role in energy pro-
duction [11, 12]. A critical aspect of lipid metabolism 
involves the transport of fatty acids into the mitochondria 
for β-oxidation, a process facilitated by carnitine palmi-
toyltransferases (CPT1 and CPT2). CPT1 converts fatty 
acids to acylcarnitines, which are shuttled into the mito-
chondria by the translocase and reconverted back to fatty 
acyl-CoA by CPT2 for β-oxidation and ATP production 

[13, 14]. Under hypoxic conditions, the activity of CPT1 
and CPT2 can be impaired, leading to reduced fatty acid 
oxidation, accumulation of toxic lipid intermediates, and 
energy deficiency. This metabolic dysfunction exacer-
bates the strain on the heart and liver, further contrib-
uting to the development of PHS [15]. In this context, 
L-carnitine supplementation emerges as a potential ther-
apeutic strategy to mitigate the pathophysiological mech-
anisms underlying PHS. L-carnitine supplementation in 
broiler chicken diets has been shown to influence various 
performance and health parameters. While low doses 
generally do not significantly affect growth performance, 
higher doses can improve body weight and feed conver-
sion ratio. Additionally, L-carnitine reduces abdominal 
fat percentage, lowers blood triglycerides, cholesterol, 
and LDL levels, and enhances immune responses as 
indicated by higher antibody titers against Newcastle 
and influenza viruses [16]. L-carnitine alleviates the 
metabolic system by enhancing fatty acid oxidation and 
energy production [17, 18]. Its role in supporting CPT1 
and CPT2 activity ensures efficient transport and uti-
lization of fatty acids in the mitochondria, reducing the 
accumulation of toxic lipid intermediates and improving 
energy homeostasis. Furthermore, L-carnitine’s antioxi-
dant properties help neutralize ROS, reducing oxidative 
damage [19].

This study aims to assess the effects of dietary L-car-
nitine on lipid peroxidation, serum nitric oxide levels, 
and the expression of SOD1, GPX, CAT, CPT1, CPT2, 
and iNOS genes in broiler chickens raised at high alti-
tude under cold stress, with a focus on pulmonary 
hypertensive responses. While previous studies have 
established L-carnitine’s benefits under hypoxia or cold 
stress independently, our work reveals its synergistic role 
in mitigating combined stressors through tissue-specific 
modulation of oxidative, metabolic, and neural pathways. 
The upregulation of CPT1 and CPT2 in the hindbrain, 
along with dose-dependent antioxidant effects, provides 
novel mechanistic insights into its cardiopulmonary pro-
tective properties.

Methods
Bird management and experimental facility
225  day-old male broiler chicks (Ross 308, 38.5 ± 0.5  g) 
were purchased from SepidMakian Co. (Iran, Gilan) and 
randomly assigned to 45 floor pens (1.5 m², 15 birds/pen, 
5 replicates/treatment), each equipped with a bell drinker 
and feed trough. After a 5-day acclimation period on a 
commercial diet, runts were removed, and chicks were 
re-allocated to ensure equal average body weight per 
pen. To induce cold stress, environmental temperatures 
were gradually reduced (32 ± 1  °C to 15 ± 1  °C) from day 
1 to 42, based on Ahmadipour, et al. [20]. Chicks had ad 
libitum access to feed and water under a 23 L:1D lighting 
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schedule throughout the trial. The control diet, based 
on corn and soybean meal, was formulated according to 
Aviagen [21] nutritional requirements for three growth 
phases: starter (1–10 days), grower (11–22 days), and 
finisher (23–42 days) (Table  1). In addition to the con-
trol diet, two experimental diets were prepared with the 
addition of L-carnitine (Carniking®, Lohmann Co. Ltd., 
Germany) at concentrations of 50  mg/kg (LC-50) and 
100  mg/kg (LC-100). These selected doses were based 
on findings from our prior studies and other research, 
which demonstrated the impact of L-carnitine on oxida-
tive stress, lipid metabolism, growth performance, and 
immune responses in broiler chickens [22–24].

Mortality rate from ascites was recorded daily through-
out the experimental period (1–42 days) to assess the 
impact of dietary treatments on broiler survival.

Tissue/plasma sampling and PHS index Estimation
At 42 days, 10 birds per group (2 birds/pen) were ran-
domly selected for blood and tissue collection. Blood 
samples (4 mL) were collected in EDTA tubes from the 

brachial vein, centrifuged at 2500 g for 10 min to obtain 
plasma, and stored at -20  °C for biochemical analysis. 
Birds were then euthanized by cervical dislocation, and 
the brain, lungs, and heart were dissected. After remov-
ing vessels/atria from the heart ventricles, the RV: TV 
ratio was calculated. RV: TV ratios > 0.25 indicated 
developmental PHS [25], while ratios > 0.29 indicated 
full-blown PHS and ascites [26]. The whole brain was 
removed from the skull, then the hindbrain was sepa-
rated according to Hassanpour et al. [27]. The heart (right 
ventricle), hindbrain, and lung tissues were immediately 
snap-frozen in liquid nitrogen and stored at -70  °C for 
RNA extraction.

Measurement of blood nitric oxide, malondialdehyde, and 
hematocrit levels
Nitric oxide is an unstable gas in blood that rapidly 
degrades into stable metabolites. This study measured 
nitrite, a major NO metabolite, as an indicator of nitric 
oxide levels. Nitrite was quantified using a Griess reac-
tion after reducing nitrate to nitrite with activated 

Table 1  Composition of the basal diet fed to broilers (Ross 308) from 1 to 42 days of age
Item (% unless noted) Starter (1–10d) Grower (11-22d) Finisher (23–42d)
Corn 53.76 56.76 62.48
Soybean meal (44% CP) 36.90 36.52 30.32
Corn Gluten Meal 3.46 - -
Soy oil 1.34 2.67 3.47
Dicalcium phosphate 2.15 1.91 1.65
CaCO3 0.68 0.61 0.57
Salt 0.16 0.20 0.19
Na-Bicarbonate 0.29 0.24 0.25
DL-Methionine 0.31 0.29 0.27
L-Lysine 0.28 0.17 0.18
L-Threonine 0.11 0.09 0.07
Choline Chloride 0.06 0.04 0.05
Mineral supplement* 0.25 0.25 0.25
Vitamin supplement** 0.25 0.25 0.25
Calculated composition
Dry Matter 89.026 88.934 88.920
AME (kcal/kg) 2890.00 2960.00 3085.0
CP 22.75 20.59 18.27
Met 0.631 0.574 0.528
Met + Cys 0.910 0.833 0.764
Lys 1.23 1.110 0.980
Thr 0.824 0.744 0.657
Arg 1.31 1.252 1.087
Na 0.157 0.157 0.157
Cl 0.204 0.204 0.204
K 0.931 0.926 0.817
Na + K–Cl (mEq/kg) 249.10 247.82 219.92
* Provided the following per kg of diet: vitamin A (trans retinyl acetate), 3600IU; vitamin D3 (cholecalciferol), 800 IU; vitamin E (dl-α-tocopheryl acetate), 7.2 mg; 
vitamin K3, 1.6 mg; thiamine, 0.72 mg; riboflavin, 3.3 mg; niacin, 0.4 mg; pyridoxin, 1.2 mg; cobalamine, 0.6 mg; folicacid, 0.5 mg; choline chloride, 200 mg

** Provided the following per kg of diet: Mn (from MnSO4-H2O), 40 mg; Zn (from ZnO), 40 mg; Fe (from FeSO4-7H2O), 20 mg; Cu (from CuSO4-5H2O), 4 mg; I [from Ca 
(IO3)2-H2O], 0.64 mg; Se (from sodium selenite),0.08 mg
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cadmium as previously described [28]. Plasma samples 
were deproteinized by mixing 300 µL of plasma with 
250 µL of 75 mmol/L zinc sulfate, vortexed, and centri-
fuged at 10,000 g for 1 min at room temperature. Then, 
350 µL of 55 mmol/L NaOH was added, followed by a 
second centrifugation at 10,000  g for 3  min. The clear 
supernatant (750 µL) was diluted with 250 µL of glycine 
buffer (45  g/L, pH 9.7). Activated cadmium granules, 
pre-treated with 5 mmol/L CuSO₄ in glycine-NaOH buf-
fer, were added to the mixture and stirred for 10 min to 
reduce nitrate to nitrite. For the Griess reaction, 75 µL of 
Reagent 1 (1% sulfanilamide in 5% phosphoric acid) and 
80 µL of Reagent 2 (0.1% N-naphthylethylenediamine 
dihydrochloride) were added sequentially. Absorbance 
was measured at 540  nm using a spectrophotometer. 
Nitrite concentrations were calculated from a standard 
curve and expressed as µmol/L.

Malondialdehyde, a key biomarker for lipid peroxida-
tion, was measured in plasma samples using the thio-
barbituric acid reactive substances (TBARS) assay as 
decribed previously [29]. Briefly, This assay was per-
formed by mixing 100 µL plasma with 200 µL 8.1% SDS, 
1.5 mL sodium acetate buffer (3.5 M, pH 4), and 1.5 mL 
0.8% thiobarbituric acid. Samples were heated at 95  °C 
for 1 h, cooled on ice for 30 min, centrifuged (1,500 × g, 
10 min, 4  °C), and supernatant absorbance measured at 
532 nm. A standard curve was prepared alongside sam-
ples. The results from the TBARS assay were converted 
to µmol/L.

The hematocrit, expressed as a percentage, was deter-
mined by centrifuging blood samples in heparinized cap-
illary tubes at 12,000 g for 5 min.

RNA extraction and cDNA synthesis
Total RNA from hindbrain, lung, and heart (right ven-
tricle) tissues was extracted using RNX-Plus solution 

(Sinaclon Bioscience, Karaj, Iran) and the acid guanidin-
ium thiocyanate-phenol-chloroform single-step method 
[30]. The resulting RNA pellet was resuspended in 
20  µl of diethyl pyrocarbonate (DEPC)-treated water 
and treated with RNAase-free DNAase (Sinaclon) to 
remove contaminating genomic DNA. Spectrophotom-
etry was used to assess the quality and integrity of the 
RNA samples. Only RNA samples with an A260/A280 
ratio between 1.8 and 2.2 were used for cDNA synthesis. 
cDNA synthesis was performed using the Easy cDNA 
Synthesis Kit (Parstous Co., Mashhad, Iran) according to 
the manufacturer’s instructions, and the resulting cDNA 
was stored at -20  °C until real-time quantitative PCR 
(RT-qPCR) was performed.

Gene expression assay by RT-qPCR
To investigate potential changes in the transcriptional 
levels of iNOS, CPT1, CPT2, SOD1, GPX, CAT, and tyro-
sine 3-monooxygenase/tryptophan 5-monooxygenase 
activation protein zeta (YWHAZ) across three experi-
mental groups, RT-qPCR was performed using SYBR 
Green Master Mix-Plus (Amplicon, Odense, Denmark). 
YWHAZ served as a stable control gene for normal-
izing cDNA input and quantifying relative target gene 
expression. Specific primers for each gene are detailed 
in Table  2. Each PCR reaction was performed in trip-
licate with 10 ng of cDNA and 400 nM of each specific 
primer in a total volume of 10 µl. The PCR amplification 
program consisted of an initial denaturation at 94 °C for 
10 min, followed by 40 cycles of denaturation at 94 °C for 
15 s, annealing at 60–62 °C for 10–20 s, and extension at 
72 °C for 15 s. No-template and no-reverse transcriptase 
controls were included in each PCR reaction. Threshold 
cycle numbers and mean efficiency values were recorded 
and calculated using LinRegPCR software. Relative gene 

Table 2  Details of the primers used for quantitative real-time PCR analysis for chickens
Target Primers (5′-3′) PCR product Accession no.
YWHAZ AGGAGCCGAGCTGTCCAATG 84 bp NM_001031343.1

CTCCAAGATGACCTACGGGCTC
SOD1 CACTGCATCATTGGCCGTACCA 224 bp NM_205064.1

GCTTGCACACGGAAGAGCAAGT
GPX1 GCTGTTCGCCTTCCTGAGAG 118 bp NM_001277853.1

GTTCCAGGAGACGTCGTTGC
CAT TGGCGGTAGGAGTCTGGTCT 112 bp NM_001031215.1

GTCCCGTCCGTCAGCCATTT
iNOS AGGCCAAACATCCTGGAGGTC 371 bp U46504

TCATAGAGACGCTGCTGCCAG
CPT1 TGTGAGTGATTGGTGGGAAGAG 117 bp NM_001012898.1

GCTGCCTGTATGGTTGTGGG
CPT2 GGGTCGTGTTGGGCTGTT 106 bp NM_001031287.3

CTGGGCAGGCTCTTCTGGTA
YWHAZ, tyrosine 3-monooxygenase/tryptopHan 5-monooxygenase activation protein zeta; SOD1, Superoxide dismutase 1; GPX, Glutathione peroxidase; iNOS, 
Inducible nitric oxide synthase; CAT, Catalase, CPT1, Carnitine palmitoyltransferase 1; CPT2, Carnitine palmitoyltransferase 2; bp, base pair
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expression (target/YWHAZ) was then calculated as 
described previously [31].

Statistical analysis
Data were offered as mean ± standard error of the mean 
(SEM). Differences between the mean values of the three 
experimental groups were analysed by one-way ANOVA 
using SAS (1997) software in a completely randomized 
design.

Results
Effect of L-carnitine on mortality rate, plasma-blood 
variables, and PHS index
Table  3 indicates the effect of two concentrations of 
L-carnitine (50 and 100  mg/kg) on the mortality rate, 
blood malondialdehyde (MDA), nitric oxide (NO), and 

hematocrit levels, and RV: TV ratios of broiler chickens 
at high altitude under cold stress. Mortality rates did not 
differ significantly among treatments (P > 0.05).

The right ventricular to total ventricular weight (RV: 
TV, as PHS index), MDA (the indicator of lipid peroxida-
tion) levels, and hematocrit (%) decreased in the LC-50 
and LC-100 groups compared to the control group while 
nitrite (the indicator of nitric oxide) levels increased 
(P < 0.05). The difference between L-carnitine groups was 
not significant (P > 0.05).

Effect of L-carnitine on gene expression
Table  4 indicates the effect of two concentrations of 
L-carnitine (50 and 100 mg/kg) on the relative expression 
of iNOS, CPT1, CPT2, SOD1, GPX, and CAT genes in the 

Table 3  Effect of L-carnitine on plasma-blood and heart variables in broiler chickens (42 days of age)
Variables Control LC-50 LC-100 SEM p-value
Malondialdehyde (µmol/L) 3.39a 2.51b 1.93b 0.235 0.003
Nitric oxide (µmol/L) 2.52b 5.61a 5.93a 0.871 0.031
Hematocrit 47.4a 38.2b 36.8b 2.60 0.028
RV: TV 0.29a 0.22b 0.21b 0.017 0.006
Ascites mortality (%) 18.0 14.0 8.0 2.58 0.284
a, b,c Means in the same raw with different letter superscripts are significantly different. LC-50, L-carnitine supplementation at 50  mg/kg; LC-100, L-carnitine 
supplementation at 100 mg/kg; RV: TV, right ventricle to total ventricle weight ratio

Table 4  Effects of L-carnitine on expression of genes in different tissues of broiler chickens (42 days of age)
Genes Control LC-50 LC-100 SEM p-value
CPT1
  Lung 0.005 0.006 0.011 0.002 0.498
  Brain (Hindbrain) 0.005b 0.011b 0.076a 0.009 0.046
  Heart 0.011b 0.037ab 0.061a 0.005 0.014
CPT2
  Lung 0.002 0.073 0.094 0.015 0.177
  Brain (Hindbrain) 0.023b 0.142ab 0.379a 0.029 0.007
  Heart 0.008b 0.314a 0.401a 0.021 < 0.001
GPX
  Lung 0.013c 0.174b 0.470a 0.021 < 0.001
  Brain (Hindbrain) 0.066b 0.168ab 0.269a 0.016 0.007
  Heart 0.030b 0.119b 0.348a 0.015 < 0.001
CAT
  Lung 0.007b 0.026b 0.090a 0.005 0.001
  Brain (Hindbrain) 0.006b 0.036b 0.134a 0.008 0.001
  Heart 0.009b 0.024b 0.086a 0.003 < 0.001
SOD1
  Lung 0.001b 0.009b 0.052a 0.001 < 0.001
  Brain (Hindbrain) 0.007c 0.036b 0.091a 0.004 < 0.001
  Heart 0.059b 0.062b 0.176a 0.014 0.037
iNOS
  Lung 0.015b 0.015b 0.088a 0.003 < 0.001
  Brain (Hindbrain) 0.017b 0.020b 0.083a 0.004 < 0.001
  Heart 0.024b 0.038b 0.146a 0.009 0.003
a, b,c Means in the same raw with different superscripts are significantly different. LC-50, L-carnitine supplementation at 50 mg/kg; LC-100, L-carnitine supplementation 
at 100 mg/kg
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heart, hindbrain, and lung of broiler chickens at high-
altitude under cold stress.

The analysis reveals no statistically significant differ-
ences in the expression of CPT1 and CPT2 levels in the 
lung across the groups (P > 0.05). In the hindbrain, the 
expression of CPT1 and CPT2 genes increased in the 
LC-100 group compared to the control group (P < 0.05), 
while the expression of these genes did not change in the 
LC-50 group compared to the control group (P > 0.05). 
In the heart, the expression of CPT1 and CPT2 genes 
increased in the LC-100 group compared to the control 
group (P < 0.05). The expression of CPT2 also increased 
in LC-50 compared to the control (P < 0.05), while the 
expression of CPT1 gene did not change in the LC-50 
group compared to the control and LC-100 groups 
(P > 0.05).

The expression of GPX gene was upregulated in the 
lung of the LC-50 group compared to the control, and 
further upregulated in the LC-100 group compared to 
both the LC-50 and control groups (P < 0.05). While the 
GPX gene expression was upregulated in the hindbrain 
and heart of the LC-100 group compared to the control 
group (P < 0.05), no such change was observed in the 
LC-50 group compared to the control group (P > 0.05).

The expression of CAT, SOD1, and iNOS genes was 
increased in the heart, lung, and hindbrain of the LC-100 
group compared to the LC-50 and control groups 
(P < 0.05), while the expression of CAT and iNOS genes 
did not significantly change in the LC-50 group com-
pared to the control group. The expression of SOD1 also 
increased in the hindbrain of the LC-50 group compared 
to the control group (P < 0.05).

Discussion
L-Carnitine (3-hydroxy-4-N-trimethylaminobutyrate) 
is a quaternary ammonium compound biosynthesized 
from the amino acids lysine and methionine. Its structure 
consists of a polar head group (trimethylammonium) and 
a hydrophobic tail (carboxylate and hydroxyl groups), 
which enables it to function as a molecular shuttle for 
fatty acids across biological membranes [16]. The unique 
molecular structure of L-carnitine enables its involve-
ment in diverse metabolic and antioxidant processes. It 
combats PHS in broilers by enhancing fatty acid oxida-
tion, scavenging ROS, and promoting NO-dependent 
vasodilation, key mechanisms that counteract the effects 
of high-altitude hypoxia and cold stress [16].

The significant reduction in the RV: TV ratio, a key 
index of PHS, in the LC-50 and LC-100 groups highlights 
the cardioprotective effects of L-carnitine. This finding is 
consistent with previous studies that demonstrated that 
L-carnitine supplementation decreases the incidence of 
PHS in broiler chickens by improving cardiac function 
and reducing pulmonary vascular resistance [32]. The 

reduction in hematocrit levels in the L-carnitine-sup-
plemented groups further supports this observation, as 
elevated hematocrit is a common feature of PHS due to 
increased blood viscosity and pulmonary hypertension 
[33].

The study demonstrated that L-carnitine supplementa-
tion significantly reduced MDA levels, a marker of lipid 
peroxidation, in the plasma of broiler chickens. This find-
ing is consistent with previous studies that have high-
lighted L-carnitine’s role in reducing oxidative stress and 
the activity of antioxidant enzymes [19, 34]. Our data 
indicated an upregulation of GPX, CAT, and SOD1 gene 
expression in the heart, lung, and hindbrain of chick-
ens in the LC-100 group, suggesting that L-carnitine 
enhances the endogenous antioxidant defense system. It 
has been reported that oxidants play a fundamental role 
in the pathophysiology of both cardiac and pulmonary 
tissues concerning heart failure. Their role in promoting 
oxidative stress leads to cellular damage, vascular remod-
eling, and ultimately contributes to the progression of 
congestive heart failure [35]. A previous study found a 
significant increase in oxidants within the hindbrain of 
chickens with pulmonary hypertension [27]. The hind-
brain is composed of the medulla, pons, and cerebellum, 
with the rostral ventrolateral medulla (RVLM) serving 
as a key center for regulating the sympathetic nervous 
system (SNS), which is essential in the development 
of hypertension. The RVLM controls the basal central 
sympathetic outflow and integrates inputs from barore-
ceptors, chemoreceptors, and visceral receptors via the 
nucleus of the solitary tract. Research has demonstrated 
that the accumulation of oxidants in the RVLM contrib-
utes to the neural mechanisms associated with hyper-
tension [27, 36]. It was also reported that L-carnitine 
supplementation may reduce the sympathetic vasomotor 
tone, leading to modulated hypertension [37]. However, 
the antioxidant effects of L-carnitine may be helpful in 
the improvement of chicken PHS. The lack of signifi-
cant changes in CAT, GPX, and SOD1 gene expression 
in the LC-50 group indicates a dose-dependent effect 
of L-carnitine. The differential response of antioxidant 
genes across tissues (heart, lung, and hindbrain) also 
suggests that the protective effects of L-carnitine may be 
tissue-specific.

The upregulation of CPT1 and CPT2 gene expression 
in the hindbrain and heart of the LC-100 group indi-
cates that L-carnitine enhances fatty acid oxidation, a 
critical process for energy production under stress con-
ditions. Previous research has identified the suppression 
of energy metabolism as a fundamental factor in cardiac 
dysfunction associated with sepsis and endotoxemia. 
Additionally, the inhibition of CPT enzymes has been 
shown to worsen cardiac dysfunction and inflammation 
[38, 39].



Page 7 of 8Ahmadipour et al. BMC Veterinary Research          (2025) 21:369 

The CPT system is predominantly found in astrocytes 
and neural progenitor cells, while it is absent in neu-
rons, microglia, and oligodendrocytes. This system not 
only meets the bioenergetic requirements of astrocytes 
but also supports neuronal metabolism by supplying 
ketones [40]. However, the increase in CPT levels due to 
L-carnitine supplementation may enhance brain metabo-
lism, resulting in improved regulation of hypertension in 
chickens.

The lack of significant changes in CPT1 and CPT2 gene 
expression in the lung across all groups suggests that the 
lung may rely less on fatty acid oxidation for energy.

The increase in nitric oxide (NO) levels in the LC-50 
and LC-100 groups suggests that L-carnitine may 
improve vascular homeostasis by enhancing NO bio-
availability. This is consistent with the previous findings 
that L-carnitine supplementation increased NO produc-
tion, leading to vasodilation and improved PHS [17, 32]. 
The upregulation of iNOS gene expression in the LC-100 
group further supports this mechanism in the different 
tissues. In a previous study, it was demonstrated that the 
expression of the iNOS gene in the hindbrain of pulmo-
nary hypertensive chickens remained unchanged [41]. 
However, our data revealed that L-carnitine could stimu-
late the expression of this gene in those chickens.

Conclusion
This study demonstrates that dietary L-carnitine, par-
ticularly at 100 mg/kg, effectively reduces PHS in broiler 
chickens under high-altitude hypoxia and cold stress 
by improving cardiac function, enhancing antioxidant 
capacity, upregulating antioxidant and fatty acid metab-
olism genes in key tissues (heart, lung, hindbrain), and 
improving vascular homeostasis.Together, these results 
highlight L-carnitine’s dual role in optimizing energy 
metabolism and oxidative stress responses, making it a 
valuable dietary intervention for improving broiler health 
under environmental stress conditions.
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