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ABSTRACT
Introduction In traumatic brain injury (TBI) patients, 
inflammatory processes and oxidative stress have 
been linked to the development of neurodegenerative 
diseases, disability, increased rate of muscle catabolism, 
malnutrition, hospital stay and mortality. Previous in 
vitro and in vivo studies have shown that trehalose can 
decrease inflammatory and oxidative factors. Therefore, 
the present study was designed to evaluate the effect of 
oral trehalose consumption on this marker in critically ill 
TBI patients at intensive care unit (ICU).
Methods and analysis This study is a pilot randomised, 
prospective and double- blind clinical trial. The study 
sample size is of 20 (10 patients in each group) TBI 
patients aged 18–65 years at ICU. Randomisation is 
performed by permuted block randomisation method. The 
allocation ratio is 1:1. An intervention group will receive 
30 g of trehalose instead, as a part of the carbohydrate 
of daily bolus enteral feeding and the control group 
will receive standard isocaloric hospital bolus enteral 
feeding for 12 days. The inflammatory factors (C reactive 
protein, interleukin 6) and oxidative stress markers 
(glutathione, malondialdehyde, superoxide dismutase, 
pro- oxidant–antioxidant balance, total antioxidant capacity) 
will be measured at the baseline, at the 6th day, and 
at the end of the study (12th day). Sequential Organ 
Failure Assessment, Acute Physiology and Chronic Health 
Evaluation II, Nutrition Risk in the Critically ill scores, 
28- day mortality, anthropometric assessments and the 
clinical and nutritional status will be measured. Each 
patient’s nutritional needs will be calculated individually. 
The statistical analysis would be based on the intention to 
treat.
Ethics and dissemination The vice- chancellor of 
the research centre of Mashhad University of Medical 
Sciences is sponsoring this study. IR.MUMS.MEDICAL.
REC.1400.113.

Trial registration number Iranian Registry of Clinical 
Trials (IRCT) Id: IRCT20210508051223N1, Registration 
date: 26 July 2021.

INTRODUCTION
Trauma to the head can lead to a wide range 
of mild to severe injuries, disabilities and 
death.1 The treatment and rehabilitation 
processes of the traumatic brain injury (TBI) 
patient impose a substantial burden on the 
healthcare system and indirectly on society 
and the economy.2 3 There is an incidence 
peak of TBI in young adults.4 Damage to the 
head leads to the primary (extrinsic impact 
and direct damage to the brain tissue) and 
secondary injuries (molecular, mitochon-
drial, chemical and inflammatory disorder 
such as acute phase response and systemic 
inflammatory response syndrome).5 6 The 
breakdown of the blood–brain barrier, 
neuroinflammation and ischaemic injury 
can cause many changes in brain metabo-
lism.7–10 Secondary injuries of TBI lead to the 
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following disorders: disruption of cerebral blood flow, 
disruption of metabolism and excessive secretion of excit-
atory neurotransmitters and enzymes. These phenomena 
are linked to hypoxia, increased energy expenditure 
and increased production of reactive oxygen species.5 11 
Therefore, overproduction of inflammatory mediators, 
free radicals and the activation of cell death signalling 
pathways associated with brain cell self- digestion. These 
conditions can lead to poor treatment outcomes.5 As a 
result of TBIs, numerous patients are living with disabili-
ties.12 In addition to medication, the use of supplements 
or nutrients that help control inflammatory and oxidative 
conditions can be useful.

In recent years, attention to trehalose has been 
increasing. Trehalose is a natural non- reducing 
disaccharide (O-α,-D- glucopyranosyl-[1→1]-α-D- 
glucopyranoside) that is found in nature (plants, insects, 
yeast, fungi, invertebrates and bacteria).13–15 In human 
diet, some food such as mushrooms, honey, shell fish, 
beer wine and bread contain trehalose.16 Trehalose will 
not easily interact with proteins, acid, α-glucosidase and 
other biological molecules.17 Because of the existing 
glucoside α, α−1, 1 glucoside bond between two glucose 
units, trehalose has high chemical stability and maintains 
a glassy (amorphous) structure under a wide range of 
environmental conditions such as potential of hydrogen 
(pH) (3.5–10), low temperature, dehydration and other 
extreme environmental stresses.18 19 The energy from a 
glycosidic bond is only 1 kcal/mol.20

Previous studies have demonstrated that trehalose 
might be involved in cellular autophagy.14 21 Autophagy 
is one of the essential cell mechanisms that play the role 
of ‘housekeeping’. The process of autophagy includes 
recycling and destroying accumulated proteins, cleansing 
of damaged organs, regulation of growth and ageing, 
cell differentiation, and defence versus pathogens and 
nutritional starvation.22 In some human disorders, such 
as neurodegenerative and metabolic diseases and infec-
tions, autophagy has been irregular.23

The difference between trehalose and other saccharides 
is its protective action against environmental stressors. In 
vivo and in vitro studies have shown that trehalose can 
inhibit inflammatory responses to endotoxic shock.11 16 24 
According to an in vitro study performed on human eye 
cells, the following results were reported. Trehalose is 
effective in autophagy by increasing the levels of lysosomes 
while maintaining their PH. Reducing inflammation by 
reducing inflammatory cytokine levels such as interleukin 
(IL)- 6, IL- 8 and tumor necrosis factor-α (TNF-α) was also 
one of this study results.25 In another study on rats with 
spinal cord injury, the use of trehalose led to a decreation 
in the level of inflammatory factors IL- 1β and TNF-α 
as well as malondialdehyde (MDA) and nitric oxide.26 
Several animal studies have shown the beneficial effects 
of trehalose on some diseases such as diabetes,21 25 27 28 
Parkinson,29 Alzheimer’s,30 atherosclerosis and on some 
conditions such as cerebral ischaemia,31 hepatic and 
pulmonary oedema,11 insulin resistance and metabolic 

syndrome.32 Yoshizane et al in 2020 reported that treha-
lose is helpful in lower postprandial blood sugar in healthy 
humans.33 Most human studies have been related only to 
preventing these conditions in healthy human. However, 
they have shown positive results.20 34 The purpose of the 
present study is to determine the effect of trehalose on 
inflammatory cytokine and oxidative factors levels, in crit-
ically ill TBI patients under enteral feeding at intensive 
care unit (ICU).

RATIONALE
High level of inflammation and oxidative stress in TBI 
patients is associated with poor treatment outcomes, 
disability and high rate of mortality.5 12 Furthermore, 
patients who admitted to the ICU are at risk for malnutri-
tion. Therefore, good nutritional support is critical and 
beneficial for them.35 36 Many studies have confirmed the 
beneficial anti- inflammatory and antioxidative effects 
of trehalose on various diseases but still no clinical trial 
studies have been performed on patients, particularly 
head trauma patients. The results of a study performed 
on male rats with endotoxic shock suggested that using 
trehalose is a secure biophysics approach to adjusting 
inflammatory response in critically ill patients.11 We 
hypothesised that trehalose would decrease inflamma-
tion and oxidative stress, improve clinical and nutritional 
status. Accordingly, the present study was designed to 
determine the efficacy of administration trehalose in crit-
ically ill TBI patients under enteral nutrition therapy at 
ICU. This study is a phase II randomised controlled trial 
(RCT), and enrolment started in May 2022 and will be 
almost finished in August 2022. The trial procedures are 
expected to be completed by the end of September 2022.

METHODS AND MATERIALS
Trial design
This pilot study protocol describes the design of a 
parallel- group RCT (1:1 ratio) to investigate the effect of 
30 g trehalose consumption in TBI patients. The frame-
work of this study will be superiority. Allocation conceal-
ment will be considered using opaque- sealed sequentially 
numbered envelopes.

Trial population
The study participants will include 20 critically ill TBI 
patients at ICU. TBI will be diagnosed according to CT 
scan or MRI findings by a neurosurgeon. On the admis-
sion of patients in ICU, one person will be responsible 
for screening the eligibility of patients based on the inclu-
sion, non- entry and exclusion criteria.

Inclusion criteria
1. Critically ill TBI patients admitted to ICU.
2. 18 years≤age≤65 years.
3. Stable haemodynamic and metabolic conditions in the 

first 24–48 hours.
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4. Glasgow Coma Scale (GCS)≥7.
5. Having antral feeding.
6. Lack of intolerance to food sources containing treha-

lose such as mushroom.
7. Willingness to cooperate and signing the informed 

consent form after full knowledge of the objectives and 
method of the study by the patient or legal guardian.

Non-entry criteria
1. Head trauma patients who have been on nil per os for 

more than 48 hours (not allowed to receive food).
2. Patients who are transferred from other ICUs after 1 

week.
3. Having a history of cancer, autoimmune diseases and 

congenital metabolic diseases.
4. Pregnancy and lactation.

Exclusion criteria
1. Request to stop the study by patients’ legal guardian.
2. Being under enteral nutrition for less than 3 days.

Adherence to the intervention
Adherence to the intervention will be checked by daily 
nutritional visit, evaluation of clinical signs and enteral 
feeding tolerance. The compliance rate of trehalose 
consumption will be calculated according to the following 
formula and poor compliance will be considered less than 
75%.37 38 Compliance rate=(the powder weight used ∕ the 
medication weight expected)×100.

where ‘the medication weight used’ is =(weight 
dispensed–weight returned). In this study, we want to 
present trehalose to participants through bolus enteral 
feeding. Therefore, those mild head trauma patients who 
are less than 3 days on enteral feeding will be excluded.

The intervention group
Participants will be randomised to the intervention group 
or control group. During 12 days, patients in the inter-
vention group will receive 30 g of trehalose instead as a 
part of the carbohydrate of daily enteral feeding. Their 
feeds will be administered by the bolus method with 6–7 
feeds. Infusion value will be 200–400 mL per each meal.39 
Nutritional information of enteral feeding components 
shows in table 1. The inflammatory factors and oxidative 
stress markers will be measured at beginning and end of 
study. Blood sugar, lipid profile, Sequential Organ Failure 
Assessment (SOFA) Score, Acute Physiology and Chronic 
Health Evaluation II (APACHE II), Nutrition Risk in the 
Critically ill (NUTRIC) Score, GCS, 28- day mortality, 
anthropometric assessments, clinical and nutritional 
status will be measured during the study. Each patient’s 
macronutrients and micronutrients needs will be calcu-
lated individually based on The European Society for 
Clinical Nutrition and Metabolism (ESPEN) guideline.40

The control group
The control group will receive standard isocaloric hospital 
enteral feeding over 12 days. Exactly similar to the inter-
vention group, inflammatory and oxidative stress factors, 

clinical and nutritional assessments at the same time will 
be measured.

Manufacture of study supplements
Trehalose will be purchased from LeSen Biotechnology 
Co in trehalose hydrate form, with molecular formula 
of C12H22O11•2H2O, purity≥99% and low metal ion 
content.

Adverse event reporting and management
Self- limiting loose stools, flatulence and transient 
bloating may occur as minor to moderate gastrointestinal 
discomfort. Overall, these side effects are characteristic 
of disaccharide consumption.41 42 In order to prevent, 
whole trehalose will not be presented in a single meal 
and nutritional and clinical conditions will be assessed 
daily. To manage feeding intolerance, one approach is 
transiently reduced the nutritional feeding, and another 
one is considering prokinetic agents if acute abdominal 
complications do not exitance.40 43

Study processes
This study is a phase II RCT, and the trial enrollment 
started on May 2021 and will be almost finished on August 
2022. The study participants will be recruited from adult 
wards at trauma referral hospital, namely Shahid Kamyab 
in Mashhad, Iran. A summary of the registration schedule, 
supplementation and study evaluation are shown in 
figure 1.

Table 1 Nutritional information of enteral feeding

Compounds Per 2000 mL

Energy (kcal) 2000

Protein (g) 100

Whole carbohydrate (g) 241
containing:
191 g maltodextrin (in control group)
Or
161 g maltodextrin+30 g trehalose (in intervention group)

Fat (g) 66

Fibre (g) 3

Vitamin A (mg) 242

Vitamin E (mg) 0.256

Vitamin K1 (μg) 0.039

Vitamin C (mg) 2.24

Vitamin B1 (mg) 0.778

Vitamin B9 (μg) 67

Calcium (mg) 572

Iron (mg) 5.9

Magnesium (mg) 88

Phosphorus (mg) 796

Zinc (mg) 4

Sodium (mg) 418

Potassium (mg) 1208
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Outcomes
The primary efficacy outcomes of this study are to inves-
tigate the effect of 30 g trehalose consumption on the 
following criteria:
1. The changes in levels of inflammation will be mea-

sured by inflammatory marker ‘IL- 6’ level and quanti-
tative C reactive protein (‘CRP’).

2. The changes in oxidative stress level will be measured 
by pro- oxidant–antioxidant balance (PAB), total anti-
oxidant capacity (TAC), superoxide dismutase (SOD), 
glutathione (GSH) and MDA.

Secondary outcomes of the study are:
1. Comparison of changes in GCS, APACHE II, NUTRIC 

and SOFA scores.
2. Comparison of blood glucose level, lipid profile and 

blood pressure.
3. Comparison of 28- day mortality.

Sample size
Because of the lack of a similar study in the patients 
specially in our target population, this study will be 
conducted as a pilot study. The sample size includes a 
total of 18 patients with 9 patients in each group.44 To 
compensate for a drop- out rate of 10% during the study 
period, we increase the final sample size to 20 patients 
(10 patients in each group).

Study materials
Data will be recorded at these main times: at baseline, at 
the 6th day of intervention, at the 12th day of interven-
tion and at the 28- day follow- up visit. Demographic infor-
mation, anthropometric assessments including height 
(estimated by ulna length) at baseline, mid- arm circum-
ference (with an extended arm, at mid- distance between 
the tip of the acromion and the olecranon), weight (by 
using a bed scale (Seca Medical 984)), body mass index 
and body composition (by using bioelectrical impedance 
analysis S10, InBody Company) will be measured at the 
beginning and the end of intervention.

The APACHE II Score and NUTRIC Score at baseline, 
6th day, at the end of the study, SOFA Score and GCS at 
every day will be filled out. The nutritional requirement 
based on ESPEN guidelines will be evaluated individu-
ally.40 Furthermore, 28 days by using the patient hospital 
electronic file or telephone call will be evaluated.

To evaluate inflammation and oxidative stress factors 
including IL- 6, quantitative CRP, SOD, GSH, MDA, TAC 
the blood samples will be analysed by using ELISA kits. 
As well as, PAB that will be evaluated on a previously 
described method in a single assay.45 46 A summary of 
schedule of interventions and assessments is shown in the 
table 2.

Figure 1 Trial protocol. APACHE II, Acute Physiology and Chronic Health Evaluation II; CRP, C reactive protein; GCS, Glasgow 
Coma Scale; GSH, glutathione; ICUs, intensive care units; IL- 6, interleukin 6; MDA, malondialdehyde; NPO, nil per os; NUTRIC, 
Nutrition Risk in the Critically ill; PAB, pro- oxidant–antioxidant balance; SOD, superoxide dismutase; SOFA, Sequential Organ 
Failure Assessment; TAC, total antioxidant capacity; TBI, traumatic brain injury.



5Ghorbani Dehbalaei M, et al. BMJ Open 2022;12:e060605. doi:10.1136/bmjopen-2021-060605

Open access

In this method, the standard solutions are prepared 
by mixing varying proportions (0–100%) of 250 mM 
hydrogen peroxide with 3 mM uric acid in 10 mM sodium 
hydroxide. Overall, 60 mg tetramethylbenzidine (TMB) 
powder is dissolved in 10 mL dimethyl sulfoxide (DMSO) 
for preparation of TMB cation, 400 µL of TMB/DMSO is 
added in 20 mL of acetate buffer (0.05 M buffer, pH 4.5). 
Then, 70 µL of fresh chloramine T (100 mM) solution in 
distilled water is added into this 20 mL, mixed well, incu-
bated for 2 hours at room temperature in a dark place. 
Overall, 25 U of peroxidase enzyme solution is added to 20 
mL TMB cation, dispensed in 1 mL and stored at −20°C. 
To prepare the TMB solution, 200 mL of TMB/DMSO is 
added into 10 mL of acetate buffer (0.05 M buffer, pH 
5.8). The working solution is prepared by mixing 1 mL 
TMB cation with 10 mL of TMB solution, incubated for 
2 min at room temperature in a dark place and immedi-
ately used. A total of 10 µL of each sample, standard or 
blank, (distilled water) is mixed with 200 mL of working 
solution, plates, then incubated in a dark place at 37°C 
for 12 min. At the end of the incubation time, 100 mL of 
2 M HCl is added to each well and measured in an ELISA 
reader at 450 nm with a reference wavelength of 620 or 
570 nm. The standard curve is prepared by the values 
determined in standard samples. The values of the PAB 
assay are expressed in an arbitrary Hamidi- Koliakos unit 
based on the percentage of hydrogen peroxide evaluated 

in standard solution. Finally, the patient’s PAB values are 
determined according to the prepared standard curve.

Blood samples collection
Overall, 10 cm3 of the venous blood sample will be 
obtained from the patient at baseline, at 6th day and 12th 
day of the study. The samples will be transferred into a 
chelated gel tube and then kept at room temperature 
for 10 min, and then centrifuged in the laboratory of 
the hospital to separate the serum at 3600 rpm. Serum 
samples will be poured into 0.5 microtubes and stored at 
−20°C. Every 3 days, after collecting the samples, they will 
be transferred into the freezer at −78°C in the medical 
school for future inflammatory cytokine and oxidative 
stress factors measurements. Blood sugar and blood 
pressure will be checked daily and lipid profiles will be 
checked weekly in Hospitals Lab Mashhad, Iran. Serum 
IL- 6, CRP, SOD, MDA, GSH, PAB and TAC will be anal-
ysed at the Immunology Lab of Bu Ali Research Institute, 
Mashhad, Iran.

Randomisation
Randomisation is performed by permuted block rando-
misation method, with block size equal to 4. The alloca-
tion ratio is 1:1. Using the site www.sealedenvelope.com, 
a random sequence of five blocks will be generated, each 
containing four patients.

Table 2 Standard Protocol Items: Recommendations for Interventional Trials figure

Enrolment Allocation

Timepoint Day 0 Day 0 Day 1 Day 3 Day 6 Day 12 Day 28

Enrolment

Eligibility screen X

Demographic data X

blood sample X x X

Allocation X

Interventions

(Gavage containing trehalose)   

(Gavage without trehalose)   

Assessments

CRP, IL- 6, SOD, MDA, GSH, PAB, TAC X X X

SOFA, GCS   

APACHE II X X X

NUTRIC Score X X X

Blood sugar, blood pressure   

Lipid profile X X X

28- day mortality X

Schedule of interventions and assessments.
APACHE II, Acute Physiologic Assessment and Chronic Health Evaluation II; CRP, C reactive protein; GCS, Glasgow Coma Scale/Score; GSH, 
glutathione; IL- 6, interleukin 6; MDA, malondialdehyde; NUTRIC, Nutrition Risk in the Critically ill; PAB, pro- oxidant–antioxidant balance; SOD, 
superoxide dismutase; SOFA, Sequential Organ Failure Assessment; TAC, total antioxidant capacity.

www.sealedenvelope.com
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Block randomisation method will be considered for this 
trial study. TBI patients will be randomised (in quadruple 
blocks) into the intervention and control group based on 
a blinded randomisation list generated by an online tool 
for clinical trials (https://www.sealedenvelope.com) and 
will be managed by the research director of the clinical 
nutrition department, Mashhad University of Medical 
Sciences.47 The classification is based on age, gender and 
APACHE II Score (0–35 and 35–71) using quadruple 
blocks. The specific code for the participants and its 
treatment group is placed in different envelopes from 1 
to 20. On the arrival of each eligible volunteer, informed 
consent will be obtained and then the first envelope will 
be opened, and their treatment group is determined. 
Allocation concealment will be considered using opaque- 
sealed sequentially numbered envelopes.

Blinding
In this study, participants and data analysts will be blinded. 
For proper blinding, the drug (enteral feeding containing 
trehalose) and placebo (enteral feeding without treha-
lose) will be precisely the same in colour, odour and 
packing. The analyst will be unaware of the intervention 
and control groups. In case of special clinical conditions 
and life- threatening side effects, unblinding will have 
occurred.

Statistical plan
Statistical methods for primary and secondary outcomes
The data will be analysed by SPSS V.16. Data gathering 
quality is checked via outlier analysis. Any suspected 
value will be checked with paper forms. However, no 
outliers would be removed. After this control, appro-
priate tables and graphs are used to describe the data. 
Quantitative variables that follow the normal distribu-
tion are presented as mean and SD, while quantitative 
variables that do not follow the normal distribution will 
be presented as median and quadratic amplitude. On 
the other hand, qualitative variables are displayed as 
frequency and percentage. The distribution of qualitative 
variables between and within the group will be analysed 
using the χ2 test or Fisher exact test. For intergroup and 
intragroup comparisons of quantitative baseline variables 
with normal distribution, independent sample t- test and 
paired t- test are used, respectively. If the variables do 
not follow the normal distribution Mann- Whitney and 
Wilcoxon rank tests will be used, respectively. The signifi-
cance level in tests is considered less than 0.05. To control 
the effect of possible confounders (ie, age, gender, GCS, 
food and drug intake and tolerance) covariance analysis 
will be used. The statistical analysis would be based on 
intention- to- treat method (ITT). At the end of the study, 
repeated measure one- way analysis of variance or multi-
variable covariance analysis will be conducted to examine 
differences in APACHE II Score, SOFA Score, severity of 
brain injury score (GCS) and all variables between the 
two groups. If the results differ after adjusting for the vari-
ables, both crude and adjusted findings will be reported. 

Since short duration of treatment may be informative 
about tolerance it will remain in the ITT analysis; whereas 
a secondary per protocol analysis with a minimal dura-
tion of the intervention for biochemical measurements 
is planned.

Patient and public involvement
Patients or the public have not been involved in the 
design, or conduct, or reporting of this trial.

DISCUSSION
The pathophysiology of TBI brain injury is divided into 
the primary brain injury and secondary brain injury. 
Based on previous studies, it has been shown that there 
is the pro- oxidant/antioxidant imbalance and increase 
in inflammatory factors in pathology of TBI patients.48 49 
Previous studies have demonstrated that trehalose might 
be involved in cellular autophagy.21 In vivo and in vitro 
studies have shown that trehalose can inhibit inflamma-
tory responses to endotoxic shock.11 16 24 On the other 
hand, there is evidence that oral administration of this 
substance is safe up to 100 g.42 The results of one of these 
animal studies suggested that using trehalose is a secure 
biophysics approach to adjusting inflammatory response 
in critically ill patients.11 Therefore, this trial is designed 
as a pilot study. Due to the best of our knowledge, no 
previous studies have investigated the effect of oral 
trehalose consumption on inflammation and oxidative 
markers in TBI patients. After trehalose consumption, 
if a decrease in mortality, inflammation and oxidative 
markers, and improvement in nutritional and clin-
ical status in TBI patients is observed, it would provide 
evidence for other clinical trials with a larger sample 
size. Finding a substance with therapeutic effects without 
toxicity is of great importance for TBI patients. We hope 
that oral trehalose will improve outcomes by these effects.

Author affiliations
1Department of Clinical Nutrition, School of Nutritional Science, Mashhad University 
of Medical Sciences, Mashhad, Iran
2Student Research Committee, Mashhad University of Medical Sciences, Mashhad, 
Iran
3School of Pharmacy, Mashhad University of Medical Sciences, Mashhad, Iran
4Neurogenic Inflammation Research Center, Mashhad University of Medical 
Sciences, Mashhad, Iran
5Metabolic Syndrome Research Center, Mashhad University of Medical Sciences, 
Mashhad, Iran
6Resident of Community Medicine, Community Medicine Department, Mashhad 
University of Medical Sciences, Mashhad, Iran
7Department of Neurosurgery, Shahid Kamyab Hospital, Faculty of Medicine, 
Mashhad University of Medical Sciences, Mashhad, Iran
8Department of Clinical Nutrition, School of Nutritional Sciences and Dietetics, 
Tehran University of Medical Sciences, Tehran, Iran
9Nutrition Department, Faculty of Medicine, Mashhad University of Medical 
Sciences, Mashhad, Iran

Acknowledgements We would like to thank the vice- chancellor of the research 
center of Mashhad University of Medical Sciences for the sponsorship of this study 
and ethical approval code: IR.MUMS.MEDICAL.REC.1400.113. This project is MGD’s 
master thesis and was carried out with the support of the research assistant of 
Mashhad University of Medical Sciences.

https://www.sealedenvelope.com


7Ghorbani Dehbalaei M, et al. BMJ Open 2022;12:e060605. doi:10.1136/bmjopen-2021-060605

Open access

Contributors MGD, AS and AN conceived the study. MGD, MS and HR contributed 
to the study design. MGD and FN drafted the first version of the manuscript. MK- R 
provided statistical expertise. The data collection and management, and writing 
of the report are the responsibility of MGD. All authors read and approved the final 
version of the manuscript, agreeing to be responsible for all aspects of the work.

Funding This study is supported by the Mashhad University of Medical Sciences 
Research Council (grant number: 991171).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Consent obtained from parent(s)/guardian(s)

Provenance and peer review Not commissioned; externally peer reviewed.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Moazzameh Ghorbani Dehbalaei http://orcid.org/0000-0003-3470-2281
Fatemeh Naeini http://orcid.org/0000-0003-1833-743X

REFERENCES
 1 Gaw CE, Zonfrillo MR. Emergency department visits for head trauma 

in the United States. BMC Emerg Med 2016;16:5.
 2 Bener A, Omar AOK, Ahmad AE, et al. The pattern of traumatic 

brain injuries: a country undergoing rapid development. Brain Inj 
2010;24:74–80.

 3 Aghakhani K, Eslami SH, Khara A. Epidemiologic study of fall- related 
head injury in Iran and its comparison with other countries: review 
article. Tehran University Medical Journal 2018;76:437–45.

 4 , Warden DL, Gordon B, et al, Neurobehavioral Guidelines 
Working Group. Guidelines for the pharmacologic treatment of 
neurobehavioral sequelae of traumatic brain injury. J Neurotrauma 
2006;23:1468–501.

 5 Cheng G, Kong R- hua, Zhang L- ming, et al. Mitochondria in 
traumatic brain injury and mitochondrial- targeted multipotential 
therapeutic strategies. Br J Pharmacol 2012;167:699–719.

 6 Galgano M, Toshkezi G, Qiu X, et al. Traumatic brain injury: 
current treatment strategies and future Endeavors. Cell Transplant 
2017;26:1118–30.

 7 Woodcock T, Morganti- Kossmann MC. The role of markers of 
inflammation in traumatic brain injury. Front Neurol 2013;4:18.

 8 Dash PK, Zhao J, Kobori N, et al. Activation of alpha 7 cholinergic 
nicotinic receptors reduce blood- brain barrier permeability following 
experimental traumatic brain injury. J Neurosci 2016;36:2809–18.

 9 Theadom A, Mahon S, Barker- Collo S, et al. Enzogenol for cognitive 
functioning in traumatic brain injury: a pilot placebo- controlled RCT. 
Eur J Neurol 2013;20:1135–44.

 10 Lucke- Wold BP, Logsdon AF, Nguyen L, et al. Supplements, nutrition, 
and alternative therapies for the treatment of traumatic brain injury. 
Nutr Neurosci 2018;21:79–91.

 11 Minutoli L, Altavilla D, Bitto A, et al. Trehalose: a biophysics approach 
to modulate the inflammatory response during endotoxic shock. Eur 
J Pharmacol 2008;589:272–80.

 12 Donoghue V, Schleicher GK, Spruyt MGL, et al. Four- oil intravenous 
lipid emulsion effect on plasma fatty acid composition, inflammatory 
markers and clinical outcomes in acutely ill patients: a randomised 
control trial (foil fact). Clin Nutr 2019;38:2583–91.

 13 Sahebkar A, Hatamipour M, Tabatabaei SA. Trehalose administration 
attenuates atherosclerosis in rabbits fed a high- fat diet. J Cell 
Biochem 2019;120:9455–9.

 14 Paul M. Trehalose 6- phosphate. Curr Opin Plant Biol 2007;10:303–9.
 15 Lee H- J, Yoon Y- S, Lee S- J. Mechanism of neuroprotection by 

trehalose: controversy surrounding autophagy induction. Cell Death 
Dis 2018;9:712.

 16 Burek M, IJm W. Trehalose–properties, biosynthesis and applications 
2015;3:9–10.

 17 Zhou A, Benjakul S, Pan K. Cryoprotective effects of trehalose and 
sodium lactate on tilapia (Sarotherodon nilotica) surimi during frozen 
storage 2006;96:96–103.

 18 Argüelles J- C. Why can't vertebrates synthesize trehalose? J Mol 
Evol 2014;79:111–6.

 19 Paul MJ, Primavesi LF, Jhurreea D, et al. Trehalose metabolism and 
signaling. Annu Rev Plant Biol 2008;59:417–41.

 20 Walmagh M, Zhao R, Desmet T. Trehalose analogues: latest 
insights in properties and biocatalytic production. Int J Mol Sci 
2015;16:13729–45.

 21 Pan H, Ding Y, Yan N, et al. Trehalose prevents sciatic nerve 
damage to and apoptosis of Schwann cells of streptozotocin- 
induced diabetic C57BL/6J mice. Biomed Pharmacother 
2018;105:907–14.

 22 Ravanan P, Srikumar IF, Talwar P. Autophagy: the spotlight for cellular 
stress responses. Life Sci 2017;188:53–67.

 23 Chen X, Li M, Li L, et al. Trehalose, sucrose and raffinose are novel 
activators of autophagy in human keratinocytes through an mTOR- 
independent pathway. Sci Rep 2016;6:1–17.

 24 Minutoli L, Altavilla D, Bitto A, et al. The disaccharide trehalose 
inhibits proinflammatory phenotype activation in macrophages 
and prevents mortality in experimental septic shock. Shock 
2007;27:91–6.

 25 Mizote A, Yamada M, Yoshizane C, et al. Daily intake of trehalose is 
effective in the prevention of Lifestyle- Related diseases in individuals 
with risk factors for metabolic syndrome. J Nutr Sci Vitaminol 
2016;62:380–7.

 26 Nazari- Robati M, Akbari M, Khaksari M, et al. Trehalose attenuates 
spinal cord injury through the regulation of oxidative stress, 
inflammation and GFAP expression in rats. J Spinal Cord Med 
2019;42:387–94.

 27 Feofilova EP, Usov AI, Mysyakina IS, et al. [Trehalose: chemical 
structure, biological functions, and practical application]. 
Mikrobiologiia 2014;83:184–94.

 28 Lee J, Ko JH, Mansfield KM, et al. Glucose- Responsive trehalose 
hydrogel for insulin stabilization and delivery. Macromol Biosci 
2018;18:e1700372.

 29 Lan D- M, Liu F- T, Zhao J, et al. Effect of trehalose on PC12 cells 
overexpressing wild- type or A53T mutant α-synuclein. Neurochem 
Res 2012;37:2025–32.

 30 Rodríguez- Navarro JA, Rodríguez L, Casarejos MJ, et al. Trehalose 
ameliorates dopaminergic and tau pathology in parkin deleted/tau 
overexpressing mice through autophagy activation. Neurobiol Dis 
2010;39:423–38.

 31 Li Y, Luo Y, Luo T, et al. Trehalose inhibits protein aggregation 
caused by transient ischemic insults through preservation of 
proteasome activity, not via induction of autophagy. Mol Neurobiol 
2017;54:6857–69.

 32 Wang Q, Ren J. mTOR- Independent autophagy inducer trehalose 
rescues against insulin resistance- induced myocardial contractile 
anomalies: role of p38 MAPK and FoxO1. Pharmacol Res 
2016;111:357–73.

 33 Yoshizane C, Mizote A, Arai C, et al. Daily consumption of one 
teaspoon of trehalose can help maintain glucose homeostasis: 
a double- blind, randomized controlled trial conducted in healthy 
volunteers. Nutr J 2020;19:68.

 34 Yoshizane C, Mizote A, Yamada M, et al. Glycemic, insulinemic and 
incretin responses after oral trehalose ingestion in healthy subjects. 
Nutr J 2017;16:9.

 35 Kreymann KG, Berger MM, Deutz NEP, et al. ESPEN guidelines on 
enteral nutrition: intensive care. Clin Nutr 2006;25:210–23.

 36 McClave SA, Taylor BE, Martindale RG, et al. Guidelines for the 
provision and assessment of nutrition support therapy in the adult 
critically ill patient: Society of critical care medicine (SCCM) and 
American Society for parenteral and enteral nutrition (A.S.P.E.N.). 
JPEN J Parenter Enteral Nutr 2016;40:159–211.

 37 Teixeira A, Teixeira M, Almeida V, et al. Methodologies for medication 
adherence evaluation: focus on psoriasis topical treatment. J 
Dermatol Sci 2016;82:63–8.

 38 Cnossen MC, Scholten AC, Lingsma HF, et al. Adherence to 
guidelines in adult patients with traumatic brain injury: a living 
systematic review. J Neurotrauma 2021;38:1072–85.

 39 Bischoff SC, Austin P, Boeykens K, et al. ESPEN guideline on home 
enteral nutrition. Clin Nutr 2020;39:5–22.

 40 Singer P, Blaser AR, Berger MM, et al. ESPEN guideline on clinical 
nutrition in the intensive care unit. Clin Nutr 2019;38:48–79.

 41 Higashiyama T, ABJS R. Technology saif. Trehalose 2012:417–31.
 42 Kaplon RE, Hill SD, Bispham NZ, et al. Oral trehalose 

supplementation improves resistance artery endothelial function in 
healthy middle- aged and older adults. Aging 2016;8:1167–83.

 43 Heyland DK, van Zanten ARH, Grau- Carmona T, et al. A multicenter, 
randomized, double- blind study of ulimorelin and metoclopramide in 
the treatment of critically ill patients with enteral feeding intolerance: 
promote trial. Intensive Care Med 2019;45:647–56.

http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0003-3470-2281
http://orcid.org/0000-0003-1833-743X
http://dx.doi.org/10.1186/s12873-016-0071-8
http://dx.doi.org/10.3109/02699050903508192
http://dx.doi.org/10.1089/neu.2006.23.1468
http://dx.doi.org/10.1111/j.1476-5381.2012.02025.x
http://dx.doi.org/10.1177/0963689717714102
http://dx.doi.org/10.3389/fneur.2013.00018
http://dx.doi.org/10.1523/JNEUROSCI.3197-15.2016
http://dx.doi.org/10.1111/ene.12099
http://dx.doi.org/10.1080/1028415X.2016.1236174
http://dx.doi.org/10.1016/j.ejphar.2008.04.005
http://dx.doi.org/10.1016/j.ejphar.2008.04.005
http://dx.doi.org/10.1016/j.clnu.2018.12.010
http://dx.doi.org/10.1002/jcb.28221
http://dx.doi.org/10.1002/jcb.28221
http://dx.doi.org/10.1016/j.pbi.2007.04.001
http://dx.doi.org/10.1038/s41419-018-0749-9
http://dx.doi.org/10.1038/s41419-018-0749-9
http://dx.doi.org/10.1007/s00239-014-9645-9
http://dx.doi.org/10.1007/s00239-014-9645-9
http://dx.doi.org/10.1146/annurev.arplant.59.032607.092945
http://dx.doi.org/10.3390/ijms160613729
http://dx.doi.org/10.1016/j.biopha.2018.06.069
http://dx.doi.org/10.1016/j.lfs.2017.08.029
http://dx.doi.org/10.1038/srep28423
http://dx.doi.org/10.1097/01.shk.0000235092.76292.bc
http://dx.doi.org/10.3177/jnsv.62.380
http://dx.doi.org/10.1080/10790268.2018.1527077
http://dx.doi.org/10.1134/S0026261714020064
http://dx.doi.org/10.1002/mabi.201700372
http://dx.doi.org/10.1007/s11064-012-0823-0
http://dx.doi.org/10.1007/s11064-012-0823-0
http://dx.doi.org/10.1016/j.nbd.2010.05.014
http://dx.doi.org/10.1007/s12035-016-0196-5
http://dx.doi.org/10.1016/j.phrs.2016.06.024
http://dx.doi.org/10.1186/s12937-020-00586-0
http://dx.doi.org/10.1186/s12937-017-0233-x
http://dx.doi.org/10.1016/j.clnu.2006.01.021
http://dx.doi.org/10.1177/0148607115621863
http://dx.doi.org/10.1016/j.jdermsci.2016.02.008
http://dx.doi.org/10.1016/j.jdermsci.2016.02.008
http://dx.doi.org/10.1089/neu.2015.4121
http://dx.doi.org/10.1016/j.clnu.2019.04.022
http://dx.doi.org/10.1016/j.clnu.2018.08.037
http://dx.doi.org/10.18632/aging.100962
http://dx.doi.org/10.1007/s00134-019-05593-2


8 Ghorbani Dehbalaei M, et al. BMJ Open 2022;12:e060605. doi:10.1136/bmjopen-2021-060605

Open access 

 44 Hertzog MA. Considerations in determining sample size for pilot 
studies. Res Nurs Health 2008;31:180–91.

 45 Prior RL, Cao G. In vivo total antioxidant capacity: comparison of 
different analytical methods1. Free Radical Biology and Medicine 
1999;27:1173–81.

 46 Zahedi Avval F, Mahmoudi N, Nosrati Tirkani A, et al. Determining 
pro- oxidant antioxidant balance (PAB) and total antioxidant capacity 
(Tac) in patients with schizophrenia. Iran J Psychiatry 2018;13:222–6.

 47 Sealed Envelope Ltd. Create a blocked randomisation list. [Online] 
2021, 2021.

 48 Kumar A, Loane DJ. Neuroinflammation after traumatic brain injury: 
opportunities for therapeutic intervention. Brain Behav Immun 
2012;26:1191–201.

 49 McGinn MJ, Povlishock JT. Pathophysiology of traumatic brain injury. 
Neurosurg Clin N Am 2016;27:397–407.

http://dx.doi.org/10.1002/nur.20247
http://dx.doi.org/10.1016/S0891-5849(99)00203-8
http://www.ncbi.nlm.nih.gov/pubmed/30319706
http://dx.doi.org/10.1016/j.bbi.2012.06.008
http://dx.doi.org/10.1016/j.nec.2016.06.002

	Study protocol for a pilot randomised controlled trial evaluating the effectiveness of oral trehalose on inflammatory factors, oxidative stress, nutritional and clinical status in traumatic head injury patients receiving enteral nutrition
	Abstract
	Introduction
	Rationale
	Methods and materials
	Trial design
	Trial population
	Inclusion criteria
	Non-entry criteria
	Exclusion criteria
	Adherence to the intervention
	The intervention group
	The control group
	Manufacture of study supplements
	Adverse event reporting and management
	Study processes
	Outcomes
	Sample size
	Study materials
	Blood samples collection
	Randomisation
	Blinding
	Statistical plan
	Statistical methods for primary and secondary outcomes
	Patient and public involvement


	Discussion
	References


