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Summary: Introduction and objective: Back pain are the most common ailment within the human locomotor system. 
Because of their prevalence, they were classified as diseases of civilization. The aim of the study was to attempt to assess 
the concentration of selected amino acids in plasma and correlating the results of laboratory tests with the occurrence of 
backaches.
Material and method: The study group included 188 patients presenting for CT scan administering as the cause of their 
symptoms low back pains. All of these patients gave the blood samples from which the concentration of free amino acids 
was estimated by ion exchange chromatography using an automated amino acid analyzer AAA 400 from INGOS Praha. The 
control group consisted of patients who underwent testing using computed tomography and there were no primary or 
secondary changes associated with degeneration in the lumbar spine.
 Results: Patients on the basis of research carried out by computed tomography were divided into five groups according to 
disease entity. Analyzing the average concentration of essential amino acids in the blood plasma of patients of each group, it 
was found that it is higher in the case of lysine for each considered disease entity. The average concentration of methionine 
in all disease entities does not deviate from the average values   in the control group. Analysis of the average concentration 
of selected essential amino acids revealed that in the case presented disorders underwent their level of variation. Average 
concentrations of selected amino acids have proven to be very similar in both groups. Slightly higher values   proved to be in 
the control group for proline and lysine.
Conclusions: The concentration of amino acids varies with the severity of degenerative changes in the connections as well as 
in interbody joints. The highest increase in the concentrations of all tested amino acids are present in root bands. Decrease 
in the concentrations of all tested amino acids appears in cancer.

Keywords: amino acids, chromatography, computed tomography, lumbar spine

Introduction

The structural changes of spine are closely linked to the aging of the organism, however, overloads to which is the 
lumbar spine is subjected will accelerate the rate of degenerative changes, resulting in faster formation of pathology 
(Ciejka, Wójtowicz 2009). The man using the benefits of civilization and technological progress wants to live more 
comfortably, and in turn this has a negative impact on the entire musculoskeletal system, its weakening leading to 
irreversible structural changes known as degenerative joint disease (Jens Ivar Brox et al. 2008, Borenstein 2013).

Back ache in the lumbar-sacral part apply each year to about half of the adult population in the world 
(Borenstein 2013). Epidemiological studies have shown that over 50% of elderly people suffer from low back 
pain. According to many authors, lower back pain is the most common cause of absence from work of people 
under 45 years of age (Jens Ivar Brox et al. 2008).

Computed tomography is an indirect method of obtaining an image of the examined parts of the 
musculoskeletal system. This allows for imaging of both bone structures, as well as muscular and ligament 
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(Nemsadze et al. 2011, Carberry et al. 2013). The technique involves performing imaging studies on successive 
layers of the body in a plane transverse beam perpendicular to the long axis of the patient (Carberry et al. 
2013).

 
Objective

The aim of the study was to attempt to assess the concentration of selected amino acids in plasma and 
correlating the results of laboratory tests with the occurrence of backaches.

Materials and method

The study involved 188 patients administering the cause of their symptoms as low back pain. The average age 
was 55.7. The group consisted of 107 women patients, whose average age was 56.9, while a group of men consisted of 
81 patients, whose average age was 54.6. Men accounted for 43% of respondents, while women accounted for 57% 
of the examined group of patients. All patients underwent diagnostic tests of lumbar spine-cross using multi-row 
spiral CT scanner Toschiba Aquilion 16 Radiologic evaluation of CT multiplanar reconstructions were performed 
in the MPR (Multi Planar Reconstruction). Depending on the diagnosis posed on the basis of imaging and clinical 
studies respondents were assigned to groups corresponding to the five disease units (Wójcik et al. 2013).

Clinical material for the study was collected from the blood of patients diagnosed with the pain of the 
lumbar spine. Plasma for the implementation of biochemical analysis was obtained from the blood collected 
into heparinized tubes from patients during the laboratory tests performed in computer tomography. Blood 
was collected from a vein in the arm in about 6 hours after breakfast. Free amino acid concentrations were 
determined by ion exchange chromatography using an automated amino acid analyzer AAA 400 from INGOS 
Praha. Determination of the concentrations of free amino acids in plasma was carried out at the Department of 
Medical Chemistry, Medical University of Lublin.

Amino acids were separated in a single column by column system of about 3 mm by 200 mm, filled with ion 
exchanger resin Ostion LG FA. Five amino acids of lithium citrate buffer were used to separate, pH: 2.9, 3.1, 3.35, 
4.05, 4.90. The eluted amino acids administered to a Teflon capillary reacted with the inflown ninhydrin to form 
colored compounds.

The separation of acidic and basic amino acids proceeded at 38-390C, while of the neutral amino acids at a temperature 
of 59-600C. The concentrations of the individual amino acids are given in micromoles per 1 cm3 of blood.

Determination of the concentrations of the individual amino acids in the blood plasma control group revealed 
its own standard for concentrations of individual amino acids.

Summarizes of the average concentrations of the individual amino acids and standard deviation of the control 
group patients were performed.

Tests were carried out after a favorable opinion of the Bioethics Committee, and subjected patients were 
informed about the purpose of the study and gave their written consent to participate in them.

The control group included 36 people aged 18 to 46 (average age 35.6).
The control group consisted of patients who underwent testing using computed tomography and there were 

no primary or secondary changes associated with degeneration in the lumbar spine.

Results

Patients, on the basis of research carried out by computed tomography, were divided into five groups. The 
first group (I) included patients diagnosed with osteoporosis. The second group (II) was composed of patients 
diagnosed with spondyloartrosis. The third group (III) was formed of the patients that had radicular syndrome. 
Patients with cancer and metastases to the bones of the spine formed the fourth (IV). Patients with vertebral 
fractures which occurred as a result of trauma formed the fifth (V). (tab1) (Sierakowski et al 2002).

Table 1. Characteristics of the groups of patients subjected to examination
Group Characteristics of the group

I Patients with osteoporosis
II Patients with spondyloartrosis
III Patients with radicular syndrome
IV Patients with cancer and metastases to the bones of the spine
V Patients with vertebral fractures which occurred as a result of trauma
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The study included 188 patients from whom 33 patients were classified into a group with osteoporosis, 64 to 
a group of spondyloartrosis, 61 to a group of radicular syndrome, 14 to a group of cancer patients and exposed 
bone metastases, and 16 people to a group where due to an injury occurred fractures of the spine in the lumbar-
sacral (Table 2).

Table 2.  Number of patients according to disease entities
GROUPS OF PATIENTS

I II III IV V
(n) number of patients 33 64 61 14 16

Pawelski and Maj (Pawelski, Maj 1987) developed tables of normal levels of free amino acids in plasma. 
They conducted research on the Polish population. Their results were used to create a nationwide group. 
Comparisons were made of the nationwide group with the control group as well as with diseases: osteoporosis, 
spondyloartrosis, radicular syndrome, cancer of metastatic bone and spine injuries and fractures in the lumbar-
sacral paryt of spine.

On the basis of the analyzes it was shown that the concentration of methionine in the nationwide group 
and the control group was identical. In the nationwide group slightly higher concentrations were observed 
as compared to the control group in the case of arginine and glycine. Amino acids such as lysine, histidine, 
proline had a slightly higher concentration in the control group. The control group showed a significantly higher 
concentration in the case of aspartic acid, glutamic acid and taurine (Table 3).

Table 3. Comparison of concentrations of selected amino acids (μmol/cm3) in the tested nationwide and control group

Amino acid
Nationwide group Control group

M SD M SD
lysine (LYS) 0.186 0.005 0.199 0.040

histidine (HIS) 0.080 0.005 0.090 0.013
arginine (ARG) 0.085 0.008 0.073 0.068

aspartic acid (ASP) 0.004 0.001 0.064 0.017
glutamic acid (GLU) 0.050 0.001 0.175 0.084

metionine (MET) 0.021 0.004 0.021 0.006
proline (PRO) 0.185 0.003 0.195 0.063
taurine (TAU) 0.060 0.005 0.148 0.038
glycine (GLY) 0.280 0.007 0.268 0.071

Analyzing the average concentration of essential amino acids in the plasma of patients of each group it has 
been found that it is higher in the case of lysine for each considered disease entity. Only average values   of lysine 
in patients with cancer were slightly lower than in the control group. In contrast, the average concentration of 
methionine in all disease entities does not deviate from the average values   in the control group (table 4).

When analyzing the average concentration of selected essential amino acids it has been shown that in the 
case of presented disorders their level underwent variation.

In osteoporosis, the average concentrations of all tested endogenous amino acids were higher than in the 
control group. Aspartic acid was an exception that in both groups showed similar values  .

In spondyloartrosis the average concentrations of essential amino acids such as histidine, glycine and 
aspartic acid showed no fluctuations in comparison to the control group, whereas in the case of amino acids 
such as arginine, proline and glutamic acid higher values   than those obtained in the control group were found. 
Only in the case of taurine concentrations were lower than in the control group.

In radicular syndrome average concentrations of all tested endogenous amino acids: histidine, arginine, 
glycine, proline, taurine, aspartic acid and glutamic acid were significantly higher than the average concentrations 
of endogenous amino acid in the control group.

In cancer the average concentrations of histidine, glycine, proline, taurine, aspartic acid and glutamic acid 
had lower values   than in the control group. Only arginine was characterized by a higher concentration compared 
to the control group.
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Table 4. Comparison of concentrations of selected amino acids (μmol/cm3) in disease units

Amino acid
Osteoporosis Spondyloartrosis Radicular 

syndrome Cancer Injuries and 
fractures

M SD M SD M SD M SD M SD
Lizyna 0.231 0.050 0.213 0.057 0.268 0.082 0.191 0.080 0.214 0.068

methionine 0.023 0.007 0.021 0.006 0.028 0.008 0.019 0.007 0.020 0.008
histidine 0.096 0.029 0.093 0.022 0.112 0.025 0.071 0.026 0.089 0.027
arginine 0.130 0.119 0.125 0.111 0.171 0.171 0.114 0.183 0.148 0.116
glycine 0.327 0.107 0.261 0.072 0.373 0.084 0.246 0.119 0.290 0.103
proline 0.272 0.114 0.241 0.079 0.292 0.090 0.183 0.052 0.250 0.114
taurine 0.160 0.040 0.139 0.047 0.175 0.069 0.144 0.069 0.146 0.056

aspartic acid 0.067 0.026 0.063 0.016 0.080 0.035 0.055 0.026 0.062 0.038
glutamic acid 0.259 0.127 0.199 0.101 0.275 0.147 0.158 0.078 0.259 0.141

In the group of injuries and fractures the average concentrations of histidine, aspartic acid and taurine 
correspond to average concentrations in the control group. Average concentrations of arginine, glycine, proline 
and glutamic acid showed higher values   than in the control group (table 4).

Using the Student’s t-test, a comparison of concentrations of free amino acids in the blood plasma of patients 
in the various disease entities was made.

Comparison of the concentration of free amino acids in the blood plasma of patients in the control group 
with the concentration of free amino acids in the blood plasma of healthy subjects (nationwide group) showed 
significantly higher values   for taurine, histidine, aspartic acid and glutamic acid.

Average concentrations of selected amino acids have proven to be very similar in both groups. Slightly 
higher values   proved to be in the control group for proline and lysine. In one case involving arginine higher 
concentrations of this amino acid were in the nationwide group (table 5).

Table 5. Concentrations of free amino acids (μmol/cm3) in the nationwide and in the control group

Amino acid
TESTED GROUPS STATISTICAL 

SIGNIFICANCENATIONWIDE CONTROL
PROLINE 0.185 ± 0.003 0.195 ± 0.063 ns
TAURINE 0.060 ± 0.005 0.148 ± 0.038 0.05

LYSINE 0.186 ± 0.005 0.199 ± 0.040 ns
METIONINE 0.021 ± 0.004 0.021 ± 0.006 ns
ARGININE 0.085 ± 0.008 0.073 ± 0.068 ns
GLYCINE 0.280 ± 0.007 0.268 ± 0.071 ns

HISTIDINE 0.080 ± 0.005 0.090 ± 0.013 0.05
ASPARTIC ACID 0.004 ± 0.001 0.064 ± 0.017 0.05
GLUTAMIC ACID 0.050 ± 0.010 0.175 ± 0.084 0.05

Discussion

Back pain syndrome is one of the most common health problems associated with ailments within the human 
locomotor system. Because of its prevalence, it was classified as a disease of civilization. According to many 
researchers, back pain affects not only the elderly but also young people, manifesting its beginning even at the 
age of 20 (Borenstein 2013).

The most common reason for the occurrence of complaints from the spine are overloads and lack of adequate 
physical activity weakening all the elements of the locomotor system. Movement and stillness affect the rate of 
biochemical changes occurring in every living organism. All proteins which are essential in building blocks of 
cellular structures wear out and degrade (Umulis, Othmer 2013).

It would seem that a passive organ motion is mainly bones having little in common with proteins, but it is 
often forgotten that it is the protein that form a network of collagen binding in the minerals responsible for bone 
density. With age there is a disturbance between the processes of synthesis and protein breakdown. In young 
individuals dominate the processes of biosynthesis, biodegradation processes in the elderly, while in the middle 
the two processes are in balance (Fratzl-Zelman et al. 2013).

Spinal disorders affect the functioning of the whole organism. They can have an effect on the metabolism of 
proteins, and especially on changes in the concentration of free amino acids in the blood (Mathieson et al 2013).

Concentration of some amino acids in blood plasma...
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Maintaining normal levels of serum amino acids depends on the balance between AA supplied and used 
by the body. Each disease causes disruption of homeostasis of the organism to varying degrees. Structural 
disorders of the lumbar spine also affect the functioning of the whole organism. Determination and comparison 
of the concentrations of free AA in the blood plasma of patients with osteoporosis, spondyloartrosis, radicular 
syndrome, bone tumors and patients with spinal injuries and fractures was the subject of this work.

The study included 188 patients examined by computed tomography due to back pain in the lumbar-sacral 
part of spine. Their average age was 55.

The study found significant differences in the concentrations of amino acids in the studied disease entities.
Studies of plasma amino acid concentrations showed that extending back pain with degeneration of bone 

segments and soft tissue are characterized by increased levels of all amino acids tested. A different result gave 
the research conducted on a group of patients with cancer, in which cancer metastases to the bones of the spine 
were determined. In this group, as in the only one, there was recorded a significant decrease in the level of all 
tested amino acids compared to the control group.

In the course of many diseases, there is a varying extent of the use of a pool of free amino acids. The 
concentrations of free amino acids in the blood plasma are the basis for determining the homeostasis of the 
organism. Transfers concentrations of free amino acids in the blood may serve as a prognostic indicator in 
assessing the severity of osteoarthritis (Fratzl-Zelman et al 2013).

Amino acids which are neurotransmitters, such as glutamic acid (Glu), aspartic acid (Asp), taurine (Tau), and 
glycine (Gly) are widely distributed in biological fluids and tissues and have important physiological functions, 
such that the evaluation of their concentration in the body plays an important role in physiology (Zinellu et al 
2013).

Glutamic acid is an important neurotransmitter that is the compound that allows conduction of nerve 
impulses. Its main task is to stimulate action in the cerebral cortex of mammals.

The transformation of normal cells into cancer is associated with changes in the concentrations of amino 
acids (Inbar et al. 1971).

Ibrachim et al conducted studies in mice by injecting them benzopyrene to induce lung cancer, then the mice 
were dosed mixtures containing vitamins and amino acids such as lysine and proline. In its conclusions, he 
reported that mixtures are protective with the ability to suppress cancerous changes and allow you to restore 
normal biochemical and histopathological parameters (Ibrachim et al 2013).

Research shows that mixtures with proline and lysine have a protective effect and may contribute to the 
improvement of the final therapeutic effect.

Reducing the concentration of proline and lysine was observed in our study in the case of metastases of the 
bone. This may indicate the compound concentration shifts / AA in the direction of deficiency in the case of 
developing cancer. Neoplastic disease appears to be a factor in reducing the biosynthesis in the living body.

Lysine is overexpressed in many tumor types including ovarian cancer that has metastases to the bone 
(Konovalov, Garcia-Bassets 2013).

Carregaro et al reported that small proline-rich proteins may be associated with increased proliferation of 
tissues in the case of tumor processes. However, their role in the pathophysiological processes remains unclear, 
which requires further research (Carregaro et al. 2013).

Intracellular free amino acids are involved in the regulation of metabolic pathways and control the build up 
of muscle proteins. Depletion of intracellular content of amino acids such as arginine or glutamine reduction can 
affect and cause their activation neuromotoric disorders (Sales et al. 2013).

In humans and other mammals, endogenous glucocorticoids are necessary to adapt to physiological stress. 
However, when the concentration of glucocorticoids is increased for a long period of time, the central nervous 
system is predisposed to the development of disorders and neurological diseases formation. Canteros in his 
work shows that arginine may counteract the neurotoxic effects of glucocorticoids (Canteros 2013).

Similar findings are presented by Dorniak-Wall et al and they pay attention to the neuroprotective effect of 
arginine for neural tissue (Dorniak-Wall et al. 2013).

Rai and Penn emphasize the importance of proline in defensive reactions to the stress of living organisms. 
This has a tangible meaning when considering back pain in terms of suffering, both physical and mental. 
Increasing the concentration of proline can play in this case a protective role (Rai, Penna 2013).

Taurine has a substantial effect on the proliferation of inflammatory cells resulting in reduced concentrations 
of histamine. It also has a significant impact on the processes associated with the formation of collagen. Taurine 
influences the strength of the soft tissues by increasing their resistance to noxious agents (Dinçer et al. 1996).

Taurine is found in high concentrations in bone cells enhancing bone formation and inhibiting its loss. 
Osteoporosis is a disease associated with increased bone stiffness is characterized by a thinning of traffic 
camera stabilizing structure whereby even the low-energy injuries cause significant damage. The concentration 
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of taurine in the case of osteoporosis is higher than normal, however, metabolic incorporation prevent building 
of the collagen in so-called bone matrix (D’Eufemia et al. 2010).

Methionine s heavily involved in the processes of cartilage formation, but in the case of the increasing 
changes associated with the spondyloarthropathy reduction in the concentration of this amino acid is observed 
(Vijayan et al. 2013).

Conclusion

1. The concentration of amino acids varies with the severity of degenerative changes in the joints and 
intervertebral discs.

2. In osteoporosis and radicular syndrome occurs the growth of all the tested concentrations of amino acids 
and cancer decrease in the concentrations of all tested amino acids.

3. The highest increase in the concentrations of all tested amino acids is present i radicular syndrome.
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