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ABSTRACT
Aims: Trauma represents a significant health concern that can affect individuals across the lifespan. To anticipate the outcomes 
of thoracic trauma, a chest trauma severity score (TTSS) has been established for use in patients presenting with traumatic 
injuries. The relationship between TTSS and amino acid (aa) levels in patients remains to be elucidated.
Methods: The current study included a prospective cohort of 35 patients presenting to the emergency department with isolated 
thoracic trauma between October 2022 and October 2023. A control group of 35 individuals with similar age and gender 
characteristics was also included. The TTSS of the patient group was calculated at the time of presentation. The alterations in 
amino acid levels associated with TTSS were assessed in the blood samples obtained from the patient and control groups.
Results: Serum arginine levels of patients with isolated thoracic trauma exhibited a lower correlation at the time of initial 
presentation compared to the control group. However, at 48 hours, these levels were observed to be higher (p<0.044, p<0.040). 
The serum levels of glycine and taurine amino acids were observed to be higher in the initial presentation of patients compared 
to the control group (p<0.041, p<0.016). A total of 35 patients admitted to the emergency department with isolated thoracic 
trauma between October 2022 and October 2023 and 35 control groups with similar age and gender were prospectively included 
in the study. The TTSS of the patient group was calculated at the time of presentation, and changes in TTSS- related amino acid 
levels were evaluated in blood samples taken from the patient and control groups.
Conclusion: It is hypothesized that the determination of amino acid levels, including arginine, glycine and taurine, and the 
replacement of absent values will facilitate the recuperation of patients, enhancing vital functions following trauma and reducing 
or eliminating mortality.
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INTRODUCTION
The term “trauma” is defined as a physical injury resulting 
from the interaction between various forms of energy that 
exceed the physiological tolerance threshold, thereby causing 
acute impairment of vital functions. The energies causing 
trauma can be mechanical, thermal,
electrical, chemical radiant exposure.1 Trauma is the third 
leading cause of death in all age groups after cancer and 
cardiovascular diseases.2 In the life cycle of a human, its ratio 
to all deaths is approximately 10%.1,3 The majority of trauma-
related deaths occur at the scene or within a few hours after 
the patient is transported to the trauma center.4,5

The mortality rate for isolated thoracic trauma is 4-8%. 
Nevertheless, this percentage rises to 13-15% when an 
additional system is affected and up to 30-35% when two or 

more systems are affected.6 It is, therefore, crucial to evaluate 
the extent of trauma in patients with thoracic injuries and 
to establish prompt diagnostic and therapeutic protocols 
to attenuate mortality and morbidity. The multiple injury 
severity score (TRISS) and the thoracic abbreviated injury 
scale (TAIS) are employed the outcome of thoracic injuries. 
Although the TAIS is a systematic method of scoring thoracic 
trauma cases, it does not have a linear relationship with 
mortality.7 The TRISS is a challenging calculation to perform, 
and has limited utility in indicating mortality in thoracic 
injuries in emergency departments, which is a dynamic field. 
Therefore, a new score, the thoracic trauma severity score 
(TTSS), combines patient-related parameters with anatomical 
and physiological parameters is preferred.8
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Amino acids, which construct the primary framework of 
the human body, are principally responsible for fulfilling 
metabolic necessities. However, they are also vital for the 
governance and modulation of indispensable human biological 
processes.9,10 Amino acids are integral structural components 
of proteins, serve as precursors to neurotransmitters and 
hormones, act as cofactors of enzymes, and are essential 
precursors in the synthesis of low molecular weight nitrogen-
containing compounds. The total proportion of the human 
body composed of amino acids and their metabolites is 
approximately 20%.11 It is established that the administration 
of amino acids for the purpose of metabolic support to patients 
suffering from critical trauma in the early stages of their 
treatment is not deleterious. Rather, it has been demonstrated 
to have a beneficial effect on metabolic processes, to attenuate 
the inflammatory response and to diminish the stress 
response.12 The metabolic response to acute injury is primarily 
expressed in an increase in metabolic rate and a reassessment 
of the body’s energy needs, with a subsequent increase in 
energy allocation to the internal organs. The post-traumatic 
metabolic response is evidenced by increased nitrogen 
loss and loss of lean body mass, stimulation of acute-phase 
protein synthesis in the liver, and abnormalities in lipid and 
carbohydrate metabolism. If left unmanaged, this metabolic 
stress response has the potential to result in malnutrition, 
which can further exacerbate the stress state by mobilizing 
and depleting the body’s protein reserves, thereby increasing 
the patient’s vulnerability to infection.13

In order to reduce the risk of injury or disability following 
thoracic trauma, patients need to be rapidly diagnosed, the 
severity of their condition assessed and urgent treatment 
administered. The TTSS, which is used to determine the 
severity of thoracic trauma, can be calculated rapidly in the 
emergency department setting. In our study, we aimed to 
determine the relationship between the severity of trauma 
and plasma amino acid levels in patients admitted to the 
Emergency Department after isolated thoracic trauma, to 
produce solutions by observing the changes and to contribute 
to the literature.

METHODS
Each stage of the study was conducted in accordance with 
the ethical rules set out by the relevant ethical committee. 
Prior to the commencement of the study, written permission 
was obtained from the Sivas Cumhuriyet University Clinical 
Researches Ethics Committee (Approval Date: 14.06.2022, 
Decision No: 2022-06/06). All procedures were carried out 
in accordance with the ethical rules and the principles of 
the Declaration of Helsinki. Following the reading of the 
informed consent forms to the patient and healthy volunteers 
or their legal heirs, the written consent form was signed. 
Subsequently, blood samples were taken from these volunteers 
and included in the study.

This prospective study was conducted with 35 patients and 
35 healthy individuals admitted to the Emergency Medicine 
Department of University Faculty of Medicine Research and 
Practice Hospital with isolated thoracic trauma between 
October 2022 and October 2023, with an alpha level of 0.05, a 
beta level of 0.10, and a non-beta level of 0.90, and a test power 
of 0.90422.

A blood sample was obtained to determine plasma amino acid 
levels. This was done after the patient group had undergone 

a comprehensive examination and evaluation of radiologic 
images at the time of their arrival, as well as at the 24th and 
48th hours. The amino acid plasma levels of the control group 
were determined only at the initial evaluation. In the patient 
cohort evaluated with TTS, those with a TTS score of 0-5 were 
classified within group I, while those exhibiting TTS scores 
between 6 and 25 were assigned to group II. To ensure the 
reliability of the study, a control group was formed with 35 
individuals sharing the same characteristic(s) (e.g., mean age 
and sex) as the group I population. 

Following the collection of 10 ml of venous blood from each 
individual, the plasma/serum was separated into two distinct 
Eppendorf tubes. This was accomplished by centrifuging 
the blood at 4°C and 4,000 rpm for a period of five minutes. 
The blood samples were stored at -80°C until the related 
parameters were analyzed. Following the removal of the 
plasma/serum samples from -80°C and subsequent thawing, 
all amino acid levels in plasma/serum were measured by the 
Q-TOF LC/MS device in a single run for the patient group and 
control group.

Inclusion Criteria for Patient Group
Patients were randomly selected without any discrimination 
in terms of age and gender. Patients with acute or chronic 
diseases (such as diabetes mellitus, hypertension, chronic 
renal failure, heart failure, liver damage), a history of 
autoimmune diseases and foci of infection, and patients with 
unusual dietary habits (e.g., eliminating certain food groups 
from the diet) were excluded from the study

Statistical Analysis
In order to evaluate the quantitative variables with the 
appropriate statistical test, a normality test with a Shapiro-
Wilk test was conducted. For the analysis of differences in 
quantitative variables that are suitable for normal distribution, 
an independent samples T test was employed for comparisons 
between two categories, and an ANOVA test was used for 
comparisons involving more than two categories. In the event 
of a statistically significant difference emerging from the 
ANOVA test, a Tukey analysis was employed to ascertain which 
two groups were responsible for the observed discrepancy. 
In the case of quantitative variables that are not suitable for 
normal distribution, the Mann-Whitney U test was employed 
for comparisons involving two categories, while the Kruskal-
Wallis H test was used for comparisons involving more 
than two categories. In the event of a statistically significant 
difference emerging from the multiple comparisons, the 
Mann-Whitney U test was employed once more to ascertain 
the origin of the discrepancy between the two groups in 
question. The aforementioned analyses were conducted 
utilizing the SPSS 23.0 package program. The results of the 
analyses were interpreted at the 5% significance level. In order 
to select the most appropriate statistical method, a normality 
test was applied to the quantitative variables.

RESULTS
The mean age of the 35 patients evaluated in the study was 
54.8±20 years, while the mean age of the 35 individuals in the 
control group was 54.8±12.65 years. In terms of gender, the 
patient and control groups were found to include nine female 
and 26 male individuals, respectively. The mechanisms of 
trauma in the 35 patients with thoracic trauma included in 
the study were analyzed, and it was found that the majority of 
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cases were caused by falls from a height and vehicular traffic 
accidents. The mean TTSS score for patients with thoracic 
trauma was calculated as 6.22±2.47. The most frequently 
observed pathological conditions subsequent to traumatic 
injury were identified as hemothorax, pneumothorax, rib 
fracture, and lung contusion (Table 1).

Table 1. Distribution of patients according to mechanism of injury and 
clinical findings
Distribution according to the mechanism of trauma Case group (n=35, %)
   Pedestrian traffic accident 1 (2.90)
   Vehicle traffic accident 11 (31.40)
   Fall from height 13 (37.10)
   Fall from same level 6 (17.10)
   Penetrating trauma (stab wound) 3 (8.60)
   Penetrating trauma (gunshot wound) 1 (2.90)
Distribution of thoracic trauma by type Case group (n=35, %)
   Sternal fracture 2 (5.70)
   Multiple rib fractures without respiratory distress 3 (8.60)
   Hemothorax 1 (2.90)
   Pneumothorax 4 (11.40)
   Lung contusion 4 (11.40)
   Scapula fracture 1 (2.90)
   Multiple rib fractures without respiratory distress, 
   pneumothorax, lung contusion 4 (11.40)

   Hemothorax+pneumothorax+rib fracture 2 (5.70)
   Multiple rib fractures without respiratory distress, 
   pneumothorax, sternal fracture 3 (8.60)

   Hemothorax+lung contusion 1 (2.90)
   Hemothorax+pneumothorax+rib fracture+ 
   pneumomediastinum+lung contusion 4 (11.40)

   Multiple rib fractures+lung contusion 4 (11.40)

The relationship between TTSS and AA levels was investigated, 
and no statistically significant correlation was identified 
between AA levels and TTSS in group I patients. The plasma 
arginine levels of group II patients exhibited a downward trend 
at the time of admission (p<0.044), and this was negatively 
correlated with TTSS. At the 24th and 48th hours, this change 
in plasma arginine levels was in the direction of an increase 
(p<0.040) and positively correlated with TTSS. In group 
II patients, plasma glycine and taurine levels at admission 
were in the direction of an increase (p<0.041, p<0.016) and 
positively correlated with TTSS (Table 2).
A comparison of amino acid levels between the patient group 
and the control group revealed a non-significant increase 
in arginine levels at 24 and 48 hours when compared to the 
control group. A comparative analysis was conducted on 
the glycine levels measured at three distinct time points in 
the patient group and the control group. The results of this 
analysis revealed that the difference between the two groups 
was statistically insignificant (p<0.114).
The glycine level at the time of admission was found to be 
at its lowest value. Subsequent to examination, lysine levels 
demonstrated a statistically significant increase at the 24th 
and 48th hour time points in comparison to their initial 
values (p<0.008). Significant increases in leucine, valine, and 
methionine levels were observed at 24- and 48-hours following 
admission, compared to the control group values (p<0.047, 
p<0.001, p<0.002). Serine exhibited a decrease at the time of 
admission, followed by an increase at the 24th and 48th hours 
(p<0.029). Furthermore, a significant elevation was observed 
at the 48th hour in comparison to the control group. Tyrosine 
and threonine levels decreased at the time of admission and 
subsequently increased at 24 and 48 hours (p<0.027, p<0.001) 
compared to the control group (Table 3).

Table 2. Correlation of amino acid levels in group II patients

Variable Groups
Patients (n=35)
R p-value

Alanine
Time of admission -.171 .470

24th hour .372 .106
48th hour .134 .574

Arginine
Time of admission -.455* .044

24th hour .372 .106
48th hour .463* .040

Asparagine
Time of admission -.403 .078

24th hour .022 .926
48th hour -.073 .760

Aspartic acid
Time of admission .265 .259

24th hour .159 .503
48th hour .220 .352

Phenylalanine
Time of admission .031 .898

24th hour -.143 .548
48th hour .363 .116

Glycine
Time of admission ,460* .041

24th hour .072 .762
48th hour -.062 .794

Glutamic acid
Time of admission .112 .638

24th hour .203 .391
48th hour .198 .404

Glutamine
Time of admission .088 .711

24th hour -.280 .232
48th hour .105 .659

Histidine
Time of admission -.229 .331

24th hour .055 .817
48th hour .282 .228

Isoleucine
Time of admission -.081 .733

24th hour .014 .954
48th hour .337 .146

Lysine
Time of admission -.307 .187

24th hour .198 .402
48th hour .288 .218

Leucine
Time of admission -.051 .832

24th hour -.059 .804
48th hour .304 .192

Methionine
Time of admission -.264 .260

24th hour .204 .387
48th hour .051 .832

Norvalin
Time of admission .035 .884

24th hour .091 .701
48th hour .177 .456

Proline
Time of admission -.050 .834

24th hour .308 .186
48th hour .079 .740

Serine
Time of admission .119 .617

24th hour .081 .735
48th hour .240 .309

Cystine
Time of admission .388 .091

24th hour -.114 .633
48th hour -.145 .543

Taurine
Time of admission ,532* .016

24th hour .005 .985
48th hour -.183 .440

Tyrosine
Time of admission .046 .847

24th hour .081 .733
48th hour .235 .318

Threonine
Time of admission .166 .484

24th hour .124 .603
48th hour .328 .158

Valine
Time of admission .009 .969

24th hour .118 .619
48th hour .315 .176

*Group A; time of admission, group B; 24th hour, group C; 48th hour
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Table 3. Comparison of amino acids by groups
Amino acid Group Mean±SD p-value

Alanine
Time of admission 468.64±157.81

0.391c24th hour 506.92±134.89
48th hour 467.4±113.15

Control group 418.57±108.76

Arginine

Time of admission 88.89±23.94

0.265c24th hour 95.18±24.23
48th hour 98.21±24.54

Control group 79.29±21.05

Asparagine

Time of admission 48.41±10.36

0.070a 24th hour 55.25±15.56
48th hour 54.72±12.41

Control group 53.23±12.28

Aspartic acid

Time of admission 14.27±5.86

0.419a24th hour 13.8±4.62
48th hour 14.71±6.28

Control group 11.88±2.95

Phenylalanine

Time of admission 73.55±19.32

0.117a,b 24th hour 81.78±37.96
48th hour 81.29±37.67

Control group 72.89±16.66

Glycine

Time of admission 238.5±67.62

0.114a24th hour 264.77±101.15
48th hour 266.05±90.25

Control group 281±68.96

Glutamic acid

Time of admission 192.66±103.84

0.690a24th hour 179.05±66.8
48th hour 203.18±140.53

Control group 92.35±±45.85

Glutamine

Time of admission 505.89±93.16

0.293a24th hour 512.02±98.59
48th hour 495.32±75.84

Control group 575.98±123.31

Histidine

Time of admission 118.7±15.11

0.549a 24th hour 120.43±14.41
48th hour 122.31±9.94

Control group 113.66±16.15

Isoleucine

Time of admission 140.05±33.11

0.270c 24th hour 147.53±40.49
48th hour 153.88±32.47

Control group 142.03±40.44

Lysine

Time of admission 195.33±36.37

0.008c,d 24th hour 214.03±47.01
48th hour 228.07±45.17

Control group 195.05±45.84

Leucine

Time of admission 143.73±31.41

0.047c,d24th hour 155.54±33.3
48th hour 161.69±26.03

Control group 137.21±35.45

Methionine

Time of admission 29.35±7.36

0.002c,d 24th hour 35.75±11.3
48th hour 36.33±7.72

Control group 30.84±9.13

Proline

Time of admission 218.1±82.2

0.819a 24th hour 243.01±102.38
48th hour 232.01±73.75

Control group 231.84±66

Serine

Time of admission 116.72±29.1

0.029a,b 24th hour 125.4±36.44
48th hour 132.57±32.12

Control group 121.8±32.93

Cystine

Time of admission 6.81±5.26

0.431a 24th hour 7.87±8.59
48th hour 5.79±3.66

Control group 24.86±9.99

Taurine

Time of admission 75.66±22.62

0.165a24th hour 76.5±41.05
48th hour 67.31±19.89

Control group 79.46±71.39

Tyrosine
Time of admission 73.62±14.97

0.027a,b24th hour 80.12±16.11
48th hour 80.83±13.82

Control group 74.2±21.46

Threonine

Time of admission 117.69±26.32

0.001a,b24th hour 127.23±39.86
48th hour 133.58±28.75

Control group 125.91±32.93

Valine

Time of admission 244.77±47.73

<0.001a,b24th hour 261.63±57
48th hour 272.22±46.06

Control group 247.99±66.54
a: Friedman F test, b: Wilcoxon signed-rank test, c: ANOVA test, d: Tukey test, SD: Standard 
deviation, ANOVA: Analysis of variance

DISCUSSION
The metabolic response to an acute injury is characterized 
by an increase in metabolic rate and a reorganization of the 
body’s energy requirements, with a consequent shift in favour 
of the internal organs. The post-traumatic metabolic response 
is characterized by increased nitrogen losses and loss of lean 
body mass, stimulated acute phase protein synthesis in the 
liver, and abnormalities in lipid and carbohydrate metabolism. 
In the absence of adequate management, this physiological 
stress response may progress to malnutrition, thereby 
intensifying the stress state by augmenting the patient’s 
vulnerability to infections. This negative alteration initially 
leads to the mobilization and consumption of the body’s 
protein stores.13 Consequently, a catabolic process, such as 
that induced by trauma, burns or sepsis, results in significant 
protein catabolism in the muscles, as evidenced by increased 
nitrogen loss and urinary excretion of 3- methylhistidine.14

Numerous studies have demonstrated that cell-mediated 
immunity is markedly diminished following trauma, and that 
the progression to sepsis is augmented in these patients in the 
subsequent stages.15-17 Moreover, research findings indicate 
that hemorrhage resulting from trauma leads to a decrease 
in blood flow, consequently inducing regional hypoxia.15 
Local hypoxia instigates the release of proinflammatory 
cytokines, which plays an important role in the body’s 
response to injury.15 Arginine (L-arginine), a substrate for 
nitric oxide synthase, has been found to restore organ blood 
flow in various organs after trauma or haemorrhage.18 The 
metabolic regulation of L-arginine is influenced by protein 
turnover, synthesis, metabolism, and dietary intake. A 
decrease in L-arginine levels has been demonstrated to result 
in endothelial dysfunction, compromised immune system 
function, airway and cardiovascular system dysfunction.19 
Furthermore, a decline in NO levels resulting from reduced 
L-arginine levels has been linked to impaired blood flow to 
various organs, potentially leading to decreased
perfusion at the wound site.20 The administration of arginine 
as a supplement has been demonstrated in animal models 
to reduce thymus involution, promote wound healing and 
lymphocyte proliferation, improve resistance to bacterial 
infections, and enhance survival in sepsis.21 In the present 
study, plasma arginine levels in group II patients exhibited a 
tendency towards reduction at the time of admission, and this 
was negatively correlated with TTSS. The alteration in plasma 
arginine levels was documented at 24 and 48 hours, indicating 
an upward trend and demonstrating a positive correlation. The 
arginine alteration evidenced in the present study corresponds 
to the results obtained in other studies.22,23 L-arginine has 
been demonstrated to exert a positive influence on the 
patient’s recovery process, owing to its function in restoring 
cardiac output and blood flow following shock and trauma, 
diminishing platelet aggregation and neutrophil infiltration, 
and stimulating NO production from macrophages. It can be 
hypothesized that the reduction in L-arginine levels observed 
in patients with thoracic trauma at the time of admission 
is likely to be the result of consumption. Consequently, the 
hypothesis can be formulated that supplementation with 
L-arginine might enhance immune function and reduce 
mortality in patients with thoracic trauma.
Glycine is a non-essential amino acid that is synthesised by 
animals, microorganisms and plants. It plays a role in the 
regulation of the acute systemic inflammatory response in 
critically ill patients, such as those with multiple trauma 
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or sepsis. The development of the systemic inflammatory 
response syndrome is a complex physiological response to 
infection or inflammation, contingent upon the actions of cells 
within the immune system. Upon activation, immune cells 
release a number of potentially toxic substances, including 
reactive oxygen species and proteases. The uncontrolled 
and excessive release of these substances, coupled with an 
inherent inability to distinguish between self and non-self, 
can result in significant damage to vital biological molecules 
and structures.24 Glycine is capable of protecting multiple 
organs (including the liver, kidneys, lungs, skeletal muscle 
and gut) against a range of potentially damaging substances. 
It exerts anti-inflammatory effects in the lung and other 
tissues due to its bioactivity. Given its inhibitory effect on 
leukocyte activation, it is not surprising that disease states 
in which inflammatory disorders are expected to play an 
important role respond to the immunomodulatory effects of 
glycine. The administration of glycine has been demonstrated 
to be efficacious in the treatment of a number of medical 
conditions and in the management of dehydrated children. 
These disorders include liver fibrosis, arthritis, cancer, 
myoclonus and salicylate intoxication.25-31 In the present 
study, it was established that plasma glycine levels in group II 
patients exhibited a positive correlation with TTSS, and that 
glycine aa levels were elevated in the blood of patients with 
high TTSS scores. Based on these findings, we hypothesize 
that glycine exerts an inhibitory effect on excessive immune 
system activation, thereby reducing leukocyte activation and 
providing a protective function. This increase aligns with the 
results reported in previous studies.

Taurine is an endogenous free amino acid that is highly 
abundant in mammalian tissue. It functions as an effective 
cell protector against lung injury, alleviating oxidative 
stress and reducing the destructive impact of inflammatory 
factors.32,33 Su et al.34 have reported that taurine administration 
to rats following traumatic brain injury contributed to 
neurological recovery, reducing inflammatory cytokines, 
reactive astrocytosis and cerebral oedema. Abdih et al.35 
have concluded that interleukin-2-induced lung injury was 
prevented after taurine administration to rats. Men et al.36 
have demonstrated that taurine treatment attenuated lung 
injury following limb ischaemia reperfusion in rats. In our 
study, a positive correlation was observed between TTSS and 
plasma taurine levels, and taurine levels were found to be high 
in the blood of patients with high TTSS. In addition to the 
aforementioned studies on taurine, our findings suggest that 
increasing plasma taurine levels after trauma may demonstrate 
therapeutic potential for lung injury in critical patient groups, 
such as trauma and sepsis. This is achieved by protecting lung 
epithelial integrity, inhibiting the inflammatory response and 
reducing oxidative stress levels. Consequently, taurine may 
represent a promising therapeutic target for the prevention of 
pleural and parenchymal damage in the lung after trauma.

Limitations
The limitations of our study are attributable to its single-center 
prospective design, the relatively small number of cases, and 
the absence of mortal patients with high TTSS. In order to 
gain a more profound understanding of the pharmacological 
effects of changes in the levels of all three amino acids, it is 
necessary to conduct prospective clinical studies with a larger 
number of cases. These studies should evaluate the effects of 

arginine, glycine and taurine levels that change with increased 
TTSS on wound healing and inflammation processes in 
thoracic trauma, as well as their long-term effects.

CONCLUSION
Despite the absence of a notable discrepancy in amino acid 
concentrations between Group I and group II patients, our 
findings revealed a decline in arginine levels and an elevation 
in glycine and taurine amino acids at the time of admission 
in the patient group. It is hypothesized that alterations in 
these amino acid levels in patients with thoracic trauma may 
facilitate a reduction in the recovery period, the length of 
hospitalization and the mortality rate. This may be achieved 
by minimizing the severity and toxic effects of trauma. It is 
recommended that acute and chronic processes following 
thoracic trauma should be managed more effectively with a 
multidisciplinary approach. It is imperative that the dietary 
requirements of patients, particularly with regard to protein, 
carbohydrates, fats and energy, are meticulously monitored 
and regulated during their period of hospitalization. This 
process should be conducted in close collaboration with 
professional dieticians, ensuring that nutritional needs are 
met in a safe and effective manner. This interdisciplinary 
approach is likely to have a beneficial impact on the patient’s 
recovery and the development of complications resulting 
from trauma.
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