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Decreased serum uric acid in patients with traumatic brain
injury or after cerebral tumor surgery
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Objectives: To investigate changes in sUA in patients
with TBI or patients after cerebral tumor surgery and

the possible mechanism of these changes.

Methods: This prospective cohort study enrolled
patients with TBI or underwent cerebral tumor
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surgery at West China Hospital, China, from
November 2014 to May 2018. Serum UA (sUA)
levels, urine excretion, UA oxidant product allantoin
and other clinical parameters were assessed.

Results: 100 patients were enrolled for analysis. sUA in
patients with TBI or underwent cerebral tumor surgery
started to decline from day 1 after injury or surgery
compared to control. This decreasing trend continued
from day 3 (143.2+59.3 pmol/L, 188.8+49.4 pmol/L
vs 287.3+80.2 pmol/L, p<0.0001) until day 7. No
difference in urinary UA excretion was found in the
TBI group or cerebral tumor surgery group. Urine
allantoin and the allantoin to sUA ratio of the TBI
group decreased on day 3 compared with the control
group. The structural equation model showed that
the sUA level was related to the Glasgow coma score
(GCS) (r=0.5383, p<0.0001), suggesting the potential
association of UA with consciousness level, as well as
serum protein and electrolytes including albumin,
calcium and phosphate.

Conclusion: The sUA was decreased in patients with
TBI or underwent cerebral tumor surgery.
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Uric acid (UA) results from purine metabolism
in hominoids. High serum uric acid (sUA), or
hyperuricemia, is correlated with gout and many other
diseases, including diabetes, hyperlipidemia, kidney
diseases and cardiovascular diseases." Despite the
adverse effects of high UA, studies have found that UA
has strong endogenous antioxidant effects that protect
against oxidative stress. The antioxidant action of UA
was supported by evidence from neurodegenerative
diseases, such as amyloidosis, Parkinson’s disease, and
Alzheimer’s disease resulting from excessive oxidative
damage.**

Recently, new evidence on UA alterations in
acute neuronal injury has emerged. It was found that
administration of urate could reduce striatal or cortical
damage and preserve neurological function in the
context of cerebral ischemia.”® Although the precursor
of UA, inosine, has been found to produce a better
recovery from traumatic brain injury (TBI) in animal
models with similar metabolic injury, the role of uric
acid remains unclear. Some clinical studies on severe
TBI as well as subarachnoid hemorrhage (SAH) patients
identified decreased sUA in these patients,”® while other
research mentioned increased sUA in patients with
TBI.? In patients with cerebral tumors, surgery may also
trigger inflammatory and oxidative injuries resulting in
neurological dysfunction. Whether UA levels change in
patients undergoing cerebral tumor surgery is unclear.

This study investigated changes in sUA in patients
with TBI or patients after cerebral tumor surgery and
the possible mechanism of these changes.

Methods. The prior related researches were searched
in Web of Science, Pubmed, Ovid Medline and Google
Scholar. This prospective cohort study was approved
by the Ethics Committee of West China Hospital of
Sichuan University. Patients admitted to the Intensive
Care Unit (ICU) in West China Hospital due to TBI
or to undergo cerebral tumor surgery from November
2014 to July 2018 were enrolled. Patients received
into the Department of Neurology due to peripheral
neurological diseases were recruited as the control
group. The inclusion, exclusion and withdrawal criteria
were as follows.

Disclosure. This study was funded by National
Natural Science Foundation of China (81100189 and
81471141).
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Inclusion criteria: (1) patients who agreed to be
involved in the study and sign the informed consent
form; (2) patients with TBI or patients who underwent
cerebral tumor surgery and were admitted to the ICU;
patients with peripheral neurological disease; (3)
patients with an estimated ICU or hospital stay (for the
control group) of longer than 7 days; (4) patients aged
from 18-75 years.

Exclusion criteria: (1) history of hyperuricemia
(sUA >420 pmol/l); (2) history of gout, diabetes
mellitus, or renal diseases; amyloidosis, Parkinson’s
disease, Alzheimer’s disease; or other neurodegenerative
diseases; (3) history of glaucoma or multiple sclerosis;
(4) obesity; pregnancy; and (5) acute central nervous
system viral infections or stroke.

Withdrawal criteria: (1) life-threatening
complications during the ICU or hospital stay; (2)
acute kidney injury (AKI) during the ICU stay; and (3)
failure to obtain samples for any reason.

A planned sample size was 20 per group calculated
using the generalized estimating equation (GEE)
test with a two-sided 5% significance level, a time-
averaged difference (TAD) of 110 pmol/L, and a
standard deviation of 87 pmol/L' and assuming a
10% drop-out rate. Overall, 113 patients were enrolled
in this research. All the participates were given enteral
nutrition. The cerebral tumor surgery group and the
control group were fed orally, while patients with TBI
were fed through nasogastric tubes. Urine and blood
samples were collected in the morning on day 1, day
3 and day 7 after admission after 12 hours of fasting in
patients with TBI and the control group. For patients
with a cerebral tumor, we collected samples on the
first day after admission to the hospital and on days
1, 3, and 7 after surgery. The following parameters
were assessed: sUA and 24-hour urine UA (UUA);
liver function — aspartate transaminase (AST) and
alanine transaminase (ALT); serum total protein (TP),
albumin (ALB), and globulin (GLB); fasting blood
glucose (Glu); total bilirubin (TBIL), and triglycerides
(TGs); cholesterol (Cho); serum creatinine (Cr), serum
cysteine (Cys), blood urea nitrogen (BUN), and serum
electrolyte levels including those of serum sodium
(Na*), serum potassium (K*), serum calcium (Ca*),
serum magnesium (Mg**), serum chlorine (Cl), serum
bicarbonate (HCO,), and serum phosphate (Phos);
urine pH (UpH); specific gravity of urine (SPGR);
24-hour urine sodium (UNa"), 24-hour urine potassium
(UK*), and 24-hour urine chlorine (UCI); 24-hour
creatinine (UCr); and serum norepinephrine (NE),
serum epinephrine (E), 24-hour urine norepinephrine
(UNE), and 24-hour urine epinephrine (UE). All urine
samples were collected after 24 hours and mixed well
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Figure 1 - Change in serum uric acid (sUA) level and 24-hour urine uric acid level (UUA). A) sUA decreased after traumatic brain injury or cerebral tumor
surgery. The TBI group and cerebral tumor surgery group were compared with the control group respectively. Dashed lines are the normal range
of sUA. ***»<0.001. B) No significant change was found in the TBI group or cerebral tumor surgery group compared with the control group.
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Figure 2 - Change in urine allantoin on day 3 after TBI. A) Allantoin
in 24-hour urine. Data are presented as the mean + SEM.
***p=0.0003. B) Allantoin concentration normalized to
urine creatine. Data are presented as the median and quartile.
*p=0.0338. C) Ratio of allantoin and sUA **»=0.0063. D)
Correlation between allantoin and sUA. TBI - traumatic brain
injury. sUA - serum uric acid. UCr - urine creatine
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before being sent to the lab for testing. Two milliliters
of the 24-hour urine samples from the TBI and control
groups were collected and stored at -80°C until they
were used to assess urine allantoin.

Liquid chromatography tandem mass spectrometry
(LC-MS/MS). Allantoin was quantified using LC-MS/
MS as described (Agilent 1200 series HPLC system
and Agilent G6460, Agilent Technologies, Santa
Clara, CA, USA)." Each 50 pl aliquot of urine was
added to 50 pl 1 pg/ml Allantoin-"C,”N, (A540502
Toronto Research Chemicals, North York, ON,
Canada) and deproteinized with 300 pl acetonitrile.
After centrifugation at 20000x g for 10 min, 2 pl of
supernatant was loaded on a Poroshell 120 Hilic-C
column by Agilent (4.6x100 mm, 2.7 pm). The isocratic
mobile phase consisted of 90% acetonitrile and 10%
water (0.1% formic acid) at a column flow rate of 0.3
ml-min"'. The MS/MS negative-ion mode was used for
analysis with multiple reaction monitoring (MRM)
acquisition: internal standard (allantoin-">C,"”N,) (at
m/z 157.1/114) and allantoin (at m/z 163.1/100.2).
The source parameters were set up as follows: ion source,
ESI source; atomizing gas and auxiliary gas, nitrogen;
ion source temperature, 350°C; gas flow rate, 5 L/min;
nebulizer pressure, 45 psi; desolvation temperature and
sheath gas temperature, 350°C; sheath gas flow speed,
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Table 1 - Demographics and baselines of patients.

Variables Control group TBI group (n=32) Cerebral tumor surgery group P-value*
(n=49) (n=19
Age (years) 50(10) 47(22) 43(24) 0.0093
Female sex, n(%) 34(69) 12(40) 10(52) 0.0603
BMI (kg/m?) 23.86+2.37 22.29+2.58 23.22+3.70 0.0931
Diagnosis, n(%) NA
Peripheral vertigo 10(20)
Anxiety or depression status 21(43)
Peripheral nerve disease 6(12)
Thyroid disorder 6(12)
Subarachnoid hemorrhage 23(72)
Subdural hemorrhage 15(47)
Extradural hemorrhage 8(25)
Intracranial hematoma 16(50)
Meningioma 5(26)
Hypophysoma 7(37)
Initial sUA (pmol/L) 286.8+65.4 271.7+81.9 0.0809
Baseline sUA (pmol/L) 301.9+49.0
ALT (IU/L) 27.5+24.4 27.9+17.6 35.1+26.1 0.5017
AST (IU/L) (13-35 IU/L)** 22.749.8 41.9+34.8 26.8+12.9 0.0014
TP (g/L) (65-85 g/L)** 65.3+6.0 61.3£10.9 68.245.6 0.0159
ALB (g/L) 40.9+3.6 37.7+6.7 42.842.1 0.0013
GLB (g/L) 24.3+3.7 23.6%5.5 25.4+5.0 0.4711
Cr (umol/L) 56.2+14.5 64.5£14.7 64.9+20.6 0.0251
Cys (mg/L) 0.87+0.20 0.76+0.23 0.94+0.21 0.0138
BUN (mmol/L) 4.80+1.39 4.81+1.59 4.76£1.91 0.9927
TGs (mmol/L) 2.00+1.74 1.11+0.92 1.27+0.88 0.0185
Cho (mmol/L) 4.08+1.07 3.42+1.10 4.37+1.60 0.0202
Serum electrolyte level
Na* (mmol/L) 140.9£2.1 140.4+5.4 140.8+2.8 0.8637
K* (mmol/L) 4.30+0.30 3.75+0.47 4.09+0.41 <0.0001
Ca?* (mmol/L) 2.21+0.11 2.06+0.15 2.28+0.06 <0.0001
Mg (mmol/L) 0.85+0.07 0.76+0.10 0.83+0.06 <0.0001
CI (mmol/L) 102.9+2.7 104.149.1 101.73.7 0.3320
HCOa' (mmol/L) 24.243.0 19.4+3.0 24.4+1.9 <0.0001
Phos (mmol/L) 1.11+0.19 0.83+0.22 1.15+0.18 <0.0001

Categorical data are n(%) and continuous data are mean+SD, median (IQR). NA - not applicable. *P-value for patients
between three groups; **Reference ranges were showing when the subject demographics showing abnormal. BMI - body
mass index; ALT - alanine transaminase; AST - aspartate transaminase; TP - serum total protein; ALB - albumin; GLB -
globulin; Cr - serum creatinine; Cys - serum cysteine; BUN - blood urea nitrogen; TGs - triglycerides; Cho - cholesterol;
Na' - serum sodium concentrations; K' - serum potassium concentrations; Cl - serum chlorine concentrations; HCO, -
serum bicarbonate radical; Ca* - serum calcium; Mg** - serum magnesium; Phos - serum phosphate radical A

11 L/min; capillary voltage, 3500 V; and auxiliary
voltage, 500 V.

Statistical analysis. 'The statistical analysis was
conducted with SAS (version 9.4) for Student’s t-test,
analysis of variance and Wilcoxon rank sum test. Mplus
(version 7.4) was used for structural equation model
measurement and model fitting. Descriptive statistics
and analysis of variance or Wilcoxon rank sum test,
chi-square test, as well as repeated measurement analysis
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of variance were calculated with data from baseline and
day 1, day 3 and day 7 after hospitalization, injury or
surgery. Data are presented as the mean+SD or median
(IQR). Pearson or Spearman correlation coeflicients
between UA and variables on day 3 were calculated
to explore the possible associations. All p-values were
2-sided, and p<0.05 was used for statistical significance.
Results. Change in sUA and UUA. In total, 113
patients were recruited into the study, including

Neurosciences 2021; Vol. 26 (1) 39
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Table 2 - Measurement of parameters on day 3

Variables Control group TBI group Cerebral tumor surgery group *P-value
GCS 15(0) 9.5(7) 15(0) <0.0001
ALT (IU/L) 30.8+32.7 33.3+22.6 24.3+18.6 0.1435

AST (IU/L) 23.7+15.8 48.7+31.3 19.7£15.9 <0.0001
TP (g/L) 63.4£5.1 54.2£6.3 58.6£6.2 <0.0001
ALB (g/L) 40.7+3.8 31.2+4.4 35.6+4.8 <0.0001
GLB (g/L) 22.643.2 23.0£3.2 23.042.7 0.9001

TBIL (pmol/L) 11.29+6.30 13.47+5.79 13.90+7.07 0.2899

Glu (mmol/L) 4.61+0.48 7.55+2.28 5.83+0.99 <0.0001
Cr (pmol/L) 60.9+15.3 62.7£20.7 58.1+21.3 0.7311

Cys (mg/L) 0.89+0.20 0.78+0.26 0.88+0.20 0.1105

BUN (mmol/L) 4.55¢1.64 4.59+1.97 4.84+1.51 0.8528

Lipid metabolism

TGs (mmol/L) 1.87+1.20 1.31£0.64 0.89+0.38 0.0014

Cho (mmol/L) 4.09+1.14 3.48+0.80 4.12+1.38 0.0583

Urine parameters

UpH 6.07+0.89 6.80+0.73 7.27+0.53 0.0034

SPGR 1.015£0.004 1.023+0.012 1.012+0.007 0.0053

UNa* (mmol/24h) 268.0+95.7 291.2+167.0 325.5+204.6 0.3874

UK* (mmol/24h) 42.60+21.88 83.36+41.83 43.94+18.58 <0.0001
UCI" (mmol/24h) 244.7£104.6 319.0+160.8 273.6£171.8 0.1566

Serum electrolyte level

Na* (mmol/L) 141.242.6 144.5+8.1 138.7+4.4 0.0055

K* (mmol/L) 4.11£0.32 3.96+0.41 3.83+0.69 0.1378

Ca* (mmol/L) 2.19£0.10 2.01£0.08 2.12£0.10 <0.0001
Mg** (mmol/L) 0.86+0.06 0.89+0.08 0.87+0.07 0.1810

Cl' (mmol/L) 102.2+3.6 107.2+9.3 99.3+3.9 0.0003

HCO, (mmol/L) 24.742.5 24.143.6 24.743.1 0.7620

Phos (mmol/L) 1.17+0.19 0.80+0.22 1.08+0.22 <0.0001
Catecholamine

NE (ng/L) 220(139) 305(275) 72.5(78) <0.0001
E (ng/L) 92(53) 77(59) 52.5(57) 0.0251

Continuous data are mean+SD, median (IQR). *P-value for patients between three groups. GCS - Glasgow Coma
Scale, ALT - alanine transaminase, AST - aspartate transaminase, TP - serum total protein, ALB - albumin, GLB -
globulin, TBIL - total bilirubin, Glu - fasting blood glucose, Cr - serum creatinine, Cys - serum cysteine, BUN - blood
urea nitrogen, UpH - pH in urine, SPGR - specific gravity of urine, UNa" - 24-hour urine sodium concentrations,
UK - 24-hour urine potassium concentrations, UCI - 24-hour urine chlorine concentrations, TGs - triglycerides, Cho
- cholesterol, Na* - serum sodium concentrations, K* - serum potassium concentrations, Ca* - serum calcium, Mg** -
serum magnesium, Cl- - serum chlorine concentrations, HCO, - serum bicarbonate radical, Phos - serum phosphate
radical, NE - serum norepinephrine, E - serum epinephrine

41 patients with TBI, 19 patients who underwent
cerebral tumor surgery and 53 patients with peripheral
neurological diseases as controls. Among these patients,
7 patients were excluded because of hyperuricemia
or AKI, and 6 patients were excluded because of
incomplete data collection.

shown in

Patient baseline characteristics are

Table 1. For patients with TBI, all baseline criteria were

40 Neurosciences ] 2021; Vol. 26 (1)

assessed immediately after admission to the hospital.
The baseline characteristics of cerebral tumor surgery
patients and the patients in the control group were
collected on day 1 after admission to the hospital. There
were no significant differences in sex, body mass index
(BMI), or age in patients with TBI or tumor surgery
patients compared with the same parameters in the
control group. Among patients with TBI, the median
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Table 3 - Pearson or Spearman correlation coeflicients between

UA and other variables.
Variables Coefficient P-value
GCS 0.5383 <0.0001
Protein nutrition status
TP 0.52546 <0.0001
ALB 0.58836 <0.0001
Glu -0.57723 <0.0001
Renal function
Cys 0.41582 0.0001
Cr 0.27199 0.0147
UK~ -0.27282 0.0319
Serum electrolyte level
Ca? 0.61157 <0.0001
Phos 0.53801 <0.0001
Catecholamine
NE 0.11140 0.3658
E 0.27420 0.0216

TP - serum total protein; ALB - albumin; Glu - fasting blood
glucose; Cys - serum cysteine; Cr - serum creatinine; UK" - 24-
hour urine potassium concentrations; Ca** - serum calcium; Mg?**
- serum magnesium; Phos - serum phosphate radical; NE - serum
norepinephrine; E - serum epinephrine

duration before the first blood sample collection was
10(8) hours. ALB, TGs, Ca?*, and Phos decreased in
the TBI group, as shown in Table 1.

The sUA was significantly decreased on day 1 after
TBI or cerebral tumor surgery (200.9+67.2 pmol/L,
240.5+74.1 pmol/L vs control group 284.9+65.2
pmol/L, p=0.0003) and was below the normal range
on day 3 (143.2+59.3 pmol/L, 188.8+49.4 pmol/L
vs 287.3+80.2 pmol/L, p<0.0001) (Figure 1A). The
decrease continued through day 7 (147.9+48.4 pmol/L,
198.1+71.5 pmol/L vs 264.9+75.6 pmol/L, p<0.0001).
UUA was also measured to investigate whether increased
UA excretion from urine was attributed to changes in
sUA, but no significant difference in UUA was detected
among the 3 groups (p=0.417) (Figure 1B).

Decreased urine allantoin. To further study the
possible causes of the decreased UA, urine allantoin
was measured, and a significant decrease in 24-hour
excretion of allantoin on day 3 was found (2.150+0.823
g/24 h vs 14.297+10.730 g/24 h, p=0.0003) in patients
with TBI compared with that of patients in the control
group (Figure 2A). There was also a dramatic difference
in patients with TBI compared to the control group
in the ratio of excretion of allantoin to UUA (2.510
(1.229) mmol/mol UUA vs 13.594 (7.986) mmol/mol
UUA, p=0.0085), as well as the ratio of the allantoin
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concentration to sUA (25.608 (13.119) vs 85.542
(3.643) pmol/mol UA p=0.0063) (Figure 2B) after
normalization according to UCr (0.991 (0.977) mmol/
mol UCr vs 4.637 (4.410) mmol/mol UCr, p=0.0338)
(Figure 2C).

Renal filtration and reabsorption assessment. To
further investigate whether a change in sUA was related
to renal filtration and reabsorption, serum cystatin,
BUN, creatinine and electrolytes in serum and urine
were also assessed. No significant changes were found
in cystatin, BUN or creatinine (Table 2).

Of the other parameters assessed in the study, several
were decreased in both the TBI and cerebral tumor
surgery groups, including ALB (p<0.0001), TGs
(p=0.0014), Ca** (p<0.0001), and Phos (p<0.001),
while NE was increased only in the TBI group (Table 2).

Association between UA and other variables. To
explore the potential mechanism of sUA changes, either
Pearson correlation coefficient or Spearman correlation
coefficient was used. The results are shown in Table 3:
GCS, TP, ALB, Glu, Cys, Ca**, and Phos had medium
correlations with sUA.

To further investigate the possible association
between sUA and the above variables, multiple linear
regression (MLR) was performed using data from day 3,
because sUA levels were still declining, indicating that
the pathological process had not ceased at that time
point.

Modified structural equation models (SEM) were
created to explain the relationship between sUA and
the variables. Based on the MLR results, the structure
of the primary model included the following variables:
GCS, TP, ALB, Glu, Ca*, Cys, Phos, UK, and E. After
deleting the insignificant variables and paths, the final
model fit well with a posterior predictive P-value of
0.250 and a Bayesian information criterion (BIC) of
1561.025. Five variables (GCS, Glu, Ca**, Phos, ALB)
were identified that might have a relationship with the
change in sUA, indicating that the severity of brain
injury, glucose metabolism, calcium and phosphorus
metabolism, and protein status may be related to sUA
level.

Discussion. As the end product of purine
metabolism in hominoids, sUA levels in humans are
significantly higher than those in other mammals due
to the loss of uricase activity in the human body.'* UA
has a strong endogenous antioxidant effect in some
oxidative stress-induced neurodegenerative diseases
and is also involved in numerous disorders, including
cardiovascular disease, obesity, diabetes, leukoaraiosis,
as well as inflammation.?*'>'¢ Although UA may exert

Neurosciences 2021; Vol. 26 (1) 41



Decreased sUA in neurosurgical patients ... He et al

an important function in protecting neurons from
inflammatory injuries, it is still not clear what the role
of UA is in brain injury patients. Some studies have
found that a low GCS was related to a low UA level in
patients with TBI, suggesting that UA may have some
function in the recovery from consciousness.® It has also
been found that administration of urate could reduce
striatal or cortical damage and preserve neurological
function in patients with cerebral ischemia.>® Although
the precursor of UA inosine improves the outcome of
TBI in animal models, changes in sUA and its role in
patients with TBI remain controversial. In severe TBI
and SAH patients, decreased sUA was found,”* while
another study on TBI patients showed increased sUA
. Hence, our study aimed to elucidate the changes in
sUA in patients with TBI. Additionally, sUA changes in
cerebral tumor surgery patients were also assessed.

The UA pool in the human body is formed from
the dietary intake of purines through de novo purine
nucleotide biosynthesis. UA is metabolized via various
catabolic pathways and excreted via the kidney and
gastrointestinal tract as well as other minor routes."”
In this study, patients with abnormal baseline sUA
were excluded, and blood samples were collected after
fasting 12 hours to eliminate the influence of food
intake. Patients with AKI were also excluded to avoid
the effects of a reduced glomerular filtration rate on
UA excretion. Due to the difficulties in fecal collection
and UA assessment, the excretion of UA from the
gastrointestinal tract was not examined in this study.
Thus, we cannot completely exclude the contribution
of gastrointestinal tract excretion of UA to the change
in sUA.

In this study, we found no difference between the
baseline level of sUA in patients with cerebral tumors
and the controls, but sUA started declining from day
1 after TBI or cerebral tumor surgery and continued to
decline from day 3 until day 7. There were no detectable
changes in urine UA excretion, suggesting that extra
UA consumption might be one possible cause of sUA
decrease.

One of the pathophysiological changes after
TBI or surgery is oxidative stress."® UA exerts nearly
two-thirds of all antioxidant effects in the human
body."” Some researchers have demonstrated that UA
might be consumed in the oxidative stress processes
after TBL.”? In addition, a decrease in UA and increased
end production of UA oxidation in orthotopic liver
transplantation and open-heart surgery have also
suggested the consumption of UA under conditions of
oxidative stress.”>?! Research has also shown that extra
UA could exert neuroprotective effects in animal stroke
models.”** Recently, a study reported that oxidative

42 Neurosciences ] 2021; Vol. 26 (1)

stress and the inflammatory response were inhibited in
a mouse model after UA treatment.**

When UA participates in antioxidant reactions,
the main products are allantoin, oxonic/oxaluric and
parabanic acids.”?® Among these products, allantoin
is the most stable product and is considered a good
oxidative reactions biomarker in the human body."
In this study, we examined allantoin production. Both
24-hour excretion of allantoin and allantoin/UCr
were significantly decreased in patients with TBI after
normalization with urine creatine to minimize renal
secretion effects. There was a decrease in allantoin/sUA,
suggesting that allantoin decreased faster than sUA,
indicating the probability of altered UA metabolism.

In healthy organisms, norepinephrine causes a
remarkable reduction in the excretion of UA via
hemodynamic changes.”” In this study, we found that
norepinephrine was increased in the TBI group, possibly
due to trauma-induced stress. However, we did not find
similar changes in patients who underwent surgery.
This result suggested that norepinephrine might not be
involved in the changes in serum UA.

To investigate the other possible causes of sUA
changes, we assessed Pearson correlation coefficient
or Spearman correlation coefficient and established
a modified structural equation model. We found that
plasma albumin, glucose, and calcium and phosphorus
metabolism may also be associated. As a biomarker
of protein nutrition status, albumin started declining
on day 1 after brain injury. Previous studies have
demonstrated that albumin is also a target of oxidant
stress'” and that low serum albumin may be related to
poor outcomes in patients with TBI or acute spinal
cord injury.*® Based on our study, decreased albumin
might lead to decreased antioxidant effects and
higher consumption of the antioxidant UA. Another
explanation is that low albumin levels are associated
with higher usage of purines to synthesize protein,
resulting in low levels of UA. Higher fasting plasma
glucose levels may correlate with higher levels of UA
in patients with diabetes, individuals with obesity
or normal individuals."**' However, in patients with
TBI or who underwent cerebral tumor surgery, the
increased Glu level was associated with a decrease in
sUA, possibly due to acute stress. In our structural
equation models, calcium and phosphorus metabolism
were shown to have some effect on sUA changes. In
addition, fewer changes in Ca* and Phos were found
in the cerebral tumor surgery group than in the TBI
group. Little is known, however, about the relationship
between calcium and phosphorus metabolism, UA and
brain injury. Further work is necessary to confirm the
relationship and the possible causes.
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Previous studies showed there was an association
between low sUA levels and worse patient outcomes.®
Other studies showed that sUA has a positive
correlation with GCS.” In this work we found that
sUA levels were correlated with GCS. Hominids have
evolved to generate UA as a purine metabolic end
product instead of urine to obtain high brain mass
as well as intellectual supremacy.” However, clinical
trials performed previously to investigate whether
intravenous UA infusion can improve cognitive
function in ischemic stroke patients failed to identify
any significant difference with respect to mortality or
long-term outcomes.” Based on previous research,
UA homeostasis and its influence on brain function,
especially in pathological conditions, are worth further
study.

The trend was statistically significant even though
the sample size was relatively small. We do not expect
increasing the sample size to alter the trend. Another
limitation is the lack of direct criteria for oxidative
stress, so it is difficult to rule out the influence of other
antioxidant factors. Furthermore, data on UA levels in
cerebrospinal fluid (CSF) are necessary to determine
how UA changes in brain tissue after TBI and whether
UA may pass through the blood-brain barrier to
influence sUA levels. Some studies have found that
UA in CSF was increased in a controlled cortical
impact mouse model or released during seizure in a
mouse model,** but how UA changes in CSF remains
unknown. Answering this question may help us further
understand UA metabolism after TBI or surgery.

In conclusion, our study found that sUA levels
decreased in patients with TBI and patients who
underwent cerebral tumor surgery and were possibly
related to its excess consumption as a result of its
antioxidative function. Low sUA levels are associated
with low GCS, suggesting an association between UA
and the consciousness status of the patients. Albumin,
calcium and phosphorus metabolism might be involved
in UA metabolism, but further research is required to
confirm this hypothesis.
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