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17 Abstract: Glutamine is the main amino acid which is substrate for gluconeogenesis in postoperative
18 period. It is suggested that this leads to a substantial and a long-term decline in glutamine
19 concentration. Glutamine is a source of energy for the synthesis of nucleotides, lymphocytes and
20 cells of gastrointestinal tract. In this study, 79 patients were qualified to a coronary artery bypass
21 surgery (Group I) or a surgery in the large intestine area (Group II). The objectives of this study
22 were: evaluation of the impact of surgical procedures on the serum concentration of glutamine of
23 the operated patients, assessment of gender, weight and BMI impact on glutamine concentration
24 and analysis of the correlation between glutamine serum concentration and laboratory parameters.
25 The mean concentration of glutamine before surgery, the 3rd and 5th day after surgery was higher
26 in Group L. CRP level in the 3rd and 5th postoperative day was higher in Group II. There were no
27 significant differences betweengroups when it comes to BMI and the concentration of CRP (p <0.05).
28 Glutamine concentration depends on the severity of inflammation, the operated body cavity and
29 the intensified catabolism which results from different pathophysiology of digestive system
30 diseases and coronary arterial disease.
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32

33 1. Introduction

34 Metabolic response to stress (ie. a surgical procedure) significantly affects protein turnover in the
35  body. It is regulated by catabolic hormones such as catecholamines, corticosteroids and glucagon.
36  Inaddition, activities of cytokines, antioxidants, and eicosanoids change. Supplying energy to the
37  cells which significantly increase their activity is the paramount goal in the stress- or surgery-

38  induced illness. In the postoperative period demand for protein increases significantly - even up to
39 300% in reference to the demands under physiological conditions [1]. Due to a widespread use and
40  occurrence of proteins in the body, the deficiency of particular amino acids may contribute to

41  disturb many biochemical processes. As a result of homeostasis deterioration it can lead to

42 dysfunction of individual systems such as immunological, digestive, hematopoietic or

43 neuroendocrine system.

44 Glutamine is the main amino acid which is known to be substrate for gluconeogenesis in
45  postoperative period. It is suggested that this leads to a substantial and a long-term decline in
46  glutamine concentration. It may be a co-factor leading to immunosuppression immediately after a
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47  surgery, because glutamine is a source of carbon and nitrogen for the synthesis of nucleotides,

48  lymphocytes and cells of gastrointestinal tract [2]. Another factor influencing the deficit of

49  glutamine is the lowered rate of its synthesis - hence it is called a conditionally essential amino acid
50  [3]. Glutamine synthetase expression depends on the total concentration of glutamine in the body.
51  The glutamine reserves in muscles are directly proportional to the total muscle mass. The bigger
52 muscle mass is the higher amount of glutamine is accessible for metabolic processes. Therefore it is
53  suggested that people who retain a relatively large muscle mass may have a greater ability to

54 regenerate during metabolic stress of various origin (surgery, infection) [4,5,6]. Apart from a

55  pharmacotherapy, a proper nutritional therapy is one of the elements that modulate the body's

56  response to injury, providing essential building and energy nutrients, as well as vitamins and

57  minerals necessary to maintain homeostasis. Glutamine is the source of energy for rapidly dividing
58  cells, including villi cells of the small intestine (enterocytes) and large intestine (colonocytes) [7].

59  This amino acid has a beneficial effect on the integrity of intestinal mucosa and prevents bacterial
60  translocation [8,9]. Additionally, glutamine prevents from atrophy of intestinal epithelial cells,

61  stimulates their proliferation and reduces the permeability of the intestinal epithelium. It

62  determines the integrity of particular building structures [10,11]. Glutamine stimulates appropriate
63  functioning of the immune system connected with gastrointestinal tract (GALT- Gut-Associated

64  Lymphoid Tissue). GALT is responsible for protecting human gastrointestinal tract against

65  antigens and extraneous micro-organisms which can penetrate into it. Moreover, it secures the

66  balance of bacterial flora as well as the integrity of the mucosa. Glutamine is preferred nutrient for
67  rapidly dividing cells, which in relation to function of the immune system is important for

68  lymphocyte population [7]. Glutamine's impact on the functioning of the immune system finds

69  expression mainly in the quantitative changes in T lymphocytes population [12]. Glutamine is also
70 essential source of energy used to produce macrophages, and may trigger anti-inflammatory effect
71  indirectly by having the influence on production of IL-6 (Interleukin-6) and TNF-a (Tumor Necrosis
72 Factor a) [13,14]. Glutamine deficiency probably increases the rate of cells apoptosis and reduces
73 the ability of the immune system reaction to pro-inflammatory cytokines [15]. The aim of this study
74 was to measure changes in glutamine concentration in blood serum depending on the type of the
75  surgery performed. The research also introduced the analysis of the relationship between

76  glutamine concentration in blood serum and examined laboratory (C-reactive protein, albumin,

77  total protein), anthropometric parameters, taking into consideration the particularly selected

78 inflammation indicators (C-reactive protein).

79 2. Materials and Methods

80 L. Patients selection

81 The research was conducted in 2015 and 2016, among 79 inpatients aged between 35 and 84 (an
82  average age 59 + 12). Men accounted 52% for all patients (N=41) and women accounted 48% for all
83  patients (N=38) who were hospitalized at the University Hospital in Bydgoszcz. They all were
84  qualified to a coronary artery bypass surgery (Group I- 40 patients) or a surgery of the large intestine
85  (Group Il - 17 patients).

86 Group I - patients scheduled for OPCABG (Off Pump Cardiac Artery Bypass Grafting). It is a
87  surgical procedure for ischaemic heart disease.

88 Group II - patients scheduled for right hemicolectomy. This is an operation to remove the right
89  side of the colon in group of patients with colon cancer.

90 Patients selected to the study must have fulfilled the following conditions:

91 1. the surgery of the gastrointestinal tract or the coronary artery bypass surgery without
92 cardiopulmonary bypass had to be performed as scheduled

93 2. good nutritional status before the surgery ( <3 points in the scale of NRS 2002)

94 The excluding criteria were as follows:

95 1. long-term comorbidities: diabetes type 1 and 2, liver diseases, autoimmune disorders

96 (to standardize the group of patients),

97 2. nutrition disorders before the surgery (protein-energy malnutrition),
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98 3. alack of consent to participate in the study.
99 I1. Serum collection
100 The material for this research was peripheral blood collected in the morning before surgery and

101 on postoperative days 3 and 5. Before surgery we measured: the serum glutamine concentration, C-
102 reactive protein level, nutritional status before surgery (total protein level and albumin concentration
103 in serum) in both group. On postoperative days we measured: the serum glutamine concentration
104  and C-reactive protein.

105 I1I. Chemicals and Materials

106 AccQ Fluor Reagent Kit (Waters), amino acid standards (Waters), amino acid standards
107  (Waters), internal standard a-aminobutyric acid (Sigma Aldrich) acetonitrile and methanol (Sigma
108  Aldrich). Deionized water, purified with Direct-QUV (Millipore, France) system was used for all
109  aqueous solutions.

110 IV. Sample preparation

111 Preparation of serum for chromatographic analysis included deproteinization and derivatisation
112 of the sample. For the serum deproteinization, Phree Phospholipid Removal Solutions, with solid
113 phase extraction kit, were used. The prepared serum samples were subjected to a derivatisation
114 procedure in accordance with the Waters AccQ Tag method.

115 V. Chromatographic method

116 Chromatographic analysis, which was aimed at measuring the glutamine concentration in the
117  examined samples, was carried out using the high-performance liquid chromatography (HPLC) with
118  fluorescence detection using AccQ Tag column (Waters). An example chromatographic separation of
119  amino acids, using the AccQ Fluor Reagent Kit.

120 VL. Statistical analysis

121 Statistical analysis was carried out using a software called STATISTICA 12.0 (StatSoft).
122 Differences considered to be statistically significant were those with the value of p <0.05.
123 Compatibility of distribution of particular features with the normal distribution was examined by the
124 Shapiro-Wilk test (X + SD). Incompatible parameters' values with the normal distribution were
125  presented as median (Me), lower and upper quartile (Q1-Q3). The analysis of differences between the
126  measured parameters in the respective groups was conducted using t-student test for parameters
127 which were compatible with the normal distribution and non-parametric U Mann-Whitney test for
128  parameters which varied from the normal distribution. For the analysis of differences in specified
129 subgroups we used test of Wilcoxon or Spearman coefficient (R).

130 The study was approved by the Bioethics Committee of the Nicolaus Copernicus University in
131  Torun, Ludwik Rydygier Collegium Medicum in Bydgoszcz (KB 355/2013).

132  3.Results

133 The results for preoperative period are presented in Table 1. The analysis of the glutamine

134 concentration as well as selected anthropometric and laboratory parametersin Group IOPCABG
135  surgery (Off Pump Cardiac Artery Bypass Grafting) and in Group II (large intestine surgery) shows
136  statistically significant higher level of glutamine in Group I (p=0.002). There were no significant
137  differences between both groups when it comes to body mass index (BMI) and the concentration of
138 C-reactive protein (Table 1).

139
140
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141  Table 1. The concentration of glutamine and selected anthropometric and laboratory parameters in

142 Groups I and Il preoperatively

143
IT Group
I Group
(before the surgery in the large
(before OPCABG)
intestine area)
Parameter N=40 P
N=17
Me/ Q1;Q3/ Me/ Q1;Q3/
X +SD X +SD
Glutamine
85.43 65.62; 104.39 60.70 37.74; 72.89 0.001
[pmol/pl]
Age
65.20 +7.13 64.58 +12.06 0.812
[years]
BMI
28.30 26.35;30.08 25.65 23.94; 28.06 0.008
[kg/m’]
Albumin [mg/dl] 431 +0.22 4.07 +0.26 0.001
Total protein
7.20 6.95; 7.40 6.80 6.40 —7.00 0.002
[mg/dl]
CRP
1.09 0.68; 1.27 1.05 0.52; 1.20 0.588
(mg/l]

144  Pearson correlation analysis in the general examined group showed a positive correlation (r=0.385)
145 and statistically significant correlation between albumin and glutamine concentration (p= 0.005)
146  before surgery.

147  Patients from Group I had higher concentration of glutamine on the 3rd postoperative day in

148  comparison to patients from Group II. However, these differences were not statistically significant.
149 On the other hand, we observed higher concentration of C-reactive protein in Group I than Group II
150  (p=0.047) (Table 2). On the 5th postoperative day, statistically significant higher level of glutamine
151  was observed in Group I (p=0.029). There was no statistically significant difference in the

152 concentration of CRP between groups. (Table 3).

153 Table 2. Comparison of the glutamine concentration and laboratory parameters in examined groups
154 (on the third day after the surgery)

155
II Group
I Group
(after the surgery in the large
(after OPCABG) . .
intestine area)
Parameter N =40 p
N=17
Me/ QL,Q3/ Me/ QLQ3/
X 5D X 5D
Glutamine
70.35 47.33; 96.32 63.65 41.99; 80.34 0.326
[pmol/ul]
CRP
189.13 147.14; 231.77 130.01 57.21;173.13 0.047
[mg/1]

156
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157  Table 3. Comparison of the glutamine concentration and laboratory parameters in examined groups
158  (on the fifth day after the surgery)

159
II Group
I Group .
(after the surgery in the large
(after OPCABG) . ;
intestine area)
Parameter N =40 p
N=17
Me/ QLQ3/ Me/ QLQ3/
X +5D X 5D
Glutamine
81.79 61.57;114.82 54.31 32.60; 80.98 0.029
[pmol/pl]
CRP
45.55 29.60; 137.00 92.58 54.50; 125.44 0.450
[mg/1]
160
161 4. Discussion
162 One of the elements of comprehensive approach to surgical treatment is to draw attention to the
163 proper nutritional status of patients. Nowadays, knowledge of the physiopathology of phenomena
164 occurring in the digestive system in the perioperative period has significantly increased. The
165  alimentary tract and GALT play an important role in mechanisms which help to maintain system
166  homeostasis. Glutamine in the postoperative period is mainly used by enterocytes and GALT cells,
167  so that it consequently improves the immune response of the system [16]. In recent years, much
168  attention has been paid to research aimed at increasing the effectiveness of nutritional therapy in
169  the perioperative period, with particular focus on potentially immunomodulatory components.
170 During an assessment of the concentration of glutamine in the preoperative period in the inpatients'
171  groups (Group I vs. Group II), it was observed that statistically significant higher level of glutamine
172 concentration occurred among the patients admitted for OPCABG (Group I), compared to the ones
173 admitted to comply right sided hemicolectomies (Group II). A factor that may influence the
174  increase in glutamine concentration in blood serum in Group I can be the long-term
175  inflammation in intima and in the middle velum of coronary arteries. Gastrointestinal tract diseases
176  may potentially be associated with chronic disorders of digestion and absorption of nutrients,
177  which may lead to the occurrence of nutrients' deficiencies, including a reduction in glutamine
178  concentration that plays a key role in the proper functioning of the intestinal villi. Xu et al.
179  investigate the protective effect of glutamine supplementation on intestinal villi in hypobaric
180  hypoxia environment vs. normal control group. Hypoxia may induce severe primary intestinal
181  barrier dysfunction, because intestinal microvilli are extremely sensitive to that parameters [17].
182  Glutamine play a special role in maintaining mucosal structure and probably may have a special
183  effects on the maintenance of tight junction and permeability of the intestinal mucosa. In conclusion
184  glutamine may play key role in protecting the human intestinal mucosal [18].
185  Hensley et al. compared glutamine metabolism in heath and cancer. Glutamine consumption occurs
186  largely in the kidney and gut, particularly the small intestine, in group of healthy people. Cancer
187  change pathway of glutamine metabolism from gut and kidney to skeletal muscle and greatly
188  increases the release of glutamine into the circulation. Simultaneously, intramuscular glutamine
189  pool are depleted in association with loss of lean muscle mass, which can remind cancer-cachexia
190  syndrome [19].
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191  The study Nakazato et al., showed also lower values of the glutamine concentration in blood serum
192 in the control group in relation to the group of all examined patients with anorexia nervosa. One
193 possibility is that in anorexia nervosa, raised serum glutamine is a compensatory metabolic

194 response due to malnutrition[20]. In this study, basing on the results, pose a statement that

195  glutamine may be a biomarker of the systemic inflammation's severity, hence the increased values
196  in the control group compared to the group of healthy individuals can be justified by a generalized
197  atherosclerosis among patients from the Group L

198  In the preoperative period, the own study shows statistically significant and directly proportional
199  relation between glutamine and albumin concentration. The quoted studies which involved

200  patients undergoing surgeries of the gastrointestinal tract, especially in the colon area, also

201 indicated the interrelation between glutamine and albumin concentration [21]. Experimental studies
202 on rats fed parenterally with a mixture of standard amino acids, or a mixture of amino acids with
203 glutamine have shown significantly higher concentration of albumin in the group supplemented
204  with glutamine [22]. In the perioperative period, the importance of glutamine for albumin

205  concentration may result from the fact that glutamine participates in the proper functioning of the
206  immune system and supports anti-inflammatory processes. Lack of inflammation does not move
207  glutamine and albumin metabolism in the direction of protein reserves consumption to produce
208  acute phase proteins.

209  The analysis of glutamine concentration was conducted also on the third and the fifth day after the
210  surgery. In our study the decline in glutamine concentration in blood serum was observed among
211  inpatients from Group I (OPCABG) on the third day after the surgery, compared to the

212 preoperative period. The studies performed on patients undergoing surgeries, have shown the
213 influence of the extent of the surgery on the glutamine concentration reduction. Concentration
214 decrease of this amino acid comes after the injury in the short time, as a result of glutamine

215 distribution for increased metabolic needs of the immune system [23].

216  Inour study, the analysis of glutamine concentration on the 5th postoperative day in Group I
217  showed an upward trend and a return to output values observed before performing the procedure.
218  The increase in glutamine concentration up to the preoperative level may suggest an endogenous
219  glutamine's reserves rebuilding.

220  An additional factor influencing the return to output values may be the fact that the operation
221  included only the chest area without disrupting the continuity of the intestinal lumen and without
222 temporary motility inhibition caused usually by abdominal surgery.

223 Moreover, the glutamine concentration in blood serum on the 3rd postoperative day in Group II
224 has increased compared to pre-surgery values. Similar results were obtained by Poschke team,

225  studying patients with breast cancer during the perioperative period. According to researchers, the
226  increase in some amino acids concentration, including glutamine, was dependent on the scope of
227  the surgery. The hypothesis explaining the fact of the higher glutamine concentration in blood

228  serum after surgery may be mobilization of glutamine reserves associated with muscle tissue

229  proteins and transporting them to peripheral blood to use amino acid by rapidly dividing cells such
230  asenterocytes and lymphocytes [24].

231  Among inpatients from Group II, operated on the large intestine, the analysis of glutamine

232 concentration on the fifth day after the surgery has revealed that the concentration of this amino
233 acid decreased compared to the output value and the value obtained on the third day after the

234 surgery. The decrease of glutamine concentration in this group of patients, in reference to previous
235  analyses, suggests increased system requirements for this amino acid, resulting from intensified
236  production of proinflammatory cytokines and acute phase proteins, which is typical for surgeries of
237  the abdominal cavity.
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238 A meta-analysis of randomized studies, including patients undergoing abdominal surgery fed
239  parenterally with standard formula and the group of patients fed parenterally with addition of L-
240  alanyl-L-glutamine showed the benefits of using glutamine such as shorter hospital stay and less
241  infections. However, there was no reduction in mortality in the group that received the addition of
242 glutamine to the nutrition formula [25].

243 C-reactive protein (CRP) as an index of inflammation can be considered as a parameter reflecting
244 the intensification of inflammation [26]. Activation of pro-inflammatory response in reaction to a
245  surgery had the impact on glutamine concentration examined on the third day after the surgery.
246  The increase of C-reactive protein concentration was accompanied by reduction in glutamine

247  concentration in blood serum. The study of Pan et al. also introduced an inverse relationship: with
248  anincrease of CRP concentration the glutamine concentration decreases [22]. Changes in these

249  parameters confirm the consumption of glutamine for the production of pro-inflammatory proteins
250  inresponse to an injury. Due to the fact that glutamine is the energy source for rapidly proliferating
251  cells, it has the beneficial impact on proper functioning of the immune system.

252 The decrease in CRP concentration was observed on the fifth day after the surgery. The decline in
253  CRP concentration was higher in the group of inpatients who had undergone the surgery of

254 coronary artery bypass in reference to the values recorded in the group of inpatients after the
255  surgery of the large intestine. The Group I obtained nearly fourfold decrease in CRP level

256  concerning the value reached on the third postoperative day. In the Group II CRP level also

257  decreased, however in this group the decrease of C-reactive protein concentration wasn't so high.

258  In our study, patients undergoing the OPCABG surgery were extubated and left to spontaneous
259  breathing on average 16 hours after the surgery. On the day of extubation oral feeding was

260  initiated, beginning from water to complete diet according to tolerance. Patients undergoing the
261  large intestine surgery, were extubated and left to spontaneous breathing two hours after the

262  surgery. This condition is connected to the acceleration of metabolism and the activation the

263  respiratory muscles that is further associated with the maintenance of a strict diet as well as with a
264  negative energy balance and nitrogenous balance. The beginning of feeding using gastrointestinal
265  tract took place on average on the fourth day after surgery in Group II. The nutrition started from a
266  hypocaloric liquid diet which was successively moved to normal diet within few days. The diet
267  might have been one of the factors that leaded to quicker increase in glutamine concentration
268  after surgery and faster return to the normal glutamine levels in the blood serum.

269 5. Conclusions

270  Comparing the patients who undergo the surgery of large intestine with the patients who undergo
271  the coronary artery bypass grafting, it is concluded that the former group of patients showed the
272 lower glutamine concentration in blood serum. It may result from the violation of the integrity of
273 the gastrointestinal tract that consequently leads to prolong time to return to its physiological

274  function. Glutamine concentration depends on the severity of inflammation. The lower glutamine
275  concentration in blood serum observed in patients undergoing the surgery in the area of large

276  intestine suggest that the system is demanding for glutamine in perioperative period. The

277  demand for glutamine depends on the operated body cavity and the intensified catabolism which
278  results from different pathophysiology of digestive system diseases and coronary arterial diseases.
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