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Background: Sepsis is a global health problem. Therapeutic agents continue to develop for the management of sepsis. Ascorbic acid 
and thiamine are currently potential agents intensively studied for their benefits in sepsis.
Methods: This study was a randomized controlled trial (RCT) with a pretest-posttest control group design. Randomization was using 
a computer. The research was conducted at Haji Adam Malik General Hospital Medan and Grand Medistra Hospital. Blood tests were 
at the Integrated Laboratory of the Faculty of Medicine, University of North Sumatra. The research was for 14 months. The number of 
patients in this study was 86 septic patients divided into four groups (NaCl, thiamine, ascorbic acid, and combination). The parameters 
measured were the enzyme MMP-9 and the enzyme TIMP-1.
Results: The number of subjects who met the inclusion criteria was 147 patients. Fifty-three patients passed away during the 
monitoring period, and eight blood samples were damaged. The final data analyzed consisted of 86 subjects. Of the 86 septic patients 
obtained Based on initial MMP-9 values, MMP-9 levels increased in the 0.9% NaCl group (25.6%), while MMP-9 levels decreased 
after intervention in the thiamine, ascorbic acid, and combination groups but a significant decrease in MMP-9 was found in the 
ascorbic acid group (17.2%; p = 0.04) and the combination group (17.9%; p = 0.026). For TIMP-1 levels, a decreasing trend was only 
in the ascorbic acid (5.1%) and combination (5.9%) but not significant (p > 0.05). The highest MMP-9/TIMP-1 ratio was in septic 
patients receiving thiamine with a significant linear correlation (p < 0.05) between levels of MMP-9 and the MMP-9/TIMP-1 ratio with 
a moderate correlation level and significant negative correlation (p < 0.05) between TIMP-1 and the MMP-9/TIMP-1 with a moderate 
level of correlation.
Conclusion: Administration of thiamine alone gives better advantages than ascorbic acid alone and their combination.
Keywords: sepsis, MMP-9, TIMP-1, MMP-9/TIMP-1 ratio, thiamine, ascorbic acid

Introduction
Sepsis is a global health problem in which one-third of patients admitted to the ICU contributed to 19.7% (18.2–21.4%) 
of all deaths globally in 2017.1,2 The sepsis incidence in developed countries, such as in the United States, has increased 
from 82.7 to 240.4 patients per 100,000 population between 1979 and 2000, with an in-hospital mortality rate of around 
30%.3,4 In some centers, sepsis mortality can be greater than acute coronary syndrome or stroke, reaching 30% in sepsis 
and 80% in septic shock.5 The past observational study of severe sepsis and septic shock patients at Dr. Cipto 
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Mangunkusumo Hospital, Jakarta in 2012–2013, reported that the mortality rate of severe sepsis and septic shock was up 
to 61%.

Matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1 (TIMP-1) are two promising septic 
biomarkers to assess septic patients’ therapeutic response and prognosis. MMP-9 is a protease enzyme of the metzincin 
class that degrades extracellular matrix (ECM) components.6 TIMP-1 plays a role in ECM remodeling by regulating 
specifically the activity of MMP-9.7 These two biomarkers also directly describe physiological changes at the cellular 
and tissue levels.

The balance of MMP-9 and TIMP-1 can be assessed by their ratio and correlates with the outcome of septic patients. 
Although both MMP-9 and TIMP-1 levels were found equally elevated in sepsis, a decrease in the MMP-9/TIMP-1 ratio 
is significantly associated with severity and mortality.8 Subsequent studies have indicated that an early increase in the 
TIMP-1/MMP-9 ratio was associated with mortality, especially measured on the first, fourth, and eighth days.9 A study in 
Serbia also found the same results and concluded that the balance between MMP-9 and TIMP-1 is an essential biomarker 
of diagnosis and good prognosis in sepsis.10,11

The benefits of ascorbic acid and thiamine in sepsis management have been widely studied. The role of ascorbic acid 
in sepsis can be summed up into three main mechanisms. The first mechanism is the role of ascorbic acid as an 
antioxidant, capable of scavenging free radicals, preventing the formation of new free radicals, and assisting the recycling 
process of other antioxidants. In addition, ascorbic acid also has an immune function because of its macrophage- 
regulating ability, suppressing inflammatory mediators, and bacteriostatic effects. The last mechanism is the ascorbic 
acid’s ability to increase vasopressor sensitivity to maintain hemodynamics.12 Meanwhile, the thiamine administration 
can improve the condition of sepsis by promoting aerobic metabolism to prevent lactate formation, involved in the 
pentose phosphate pathway (PPP) reduce the production of glutathione to ward off free radicals/reactive oxygen species 
(ROS), and improve mitochondrial function.13.

A previous study has reported that treating sepsis subjects with combination therapy consisting of thiamine, ascorbic 
acid, and hydrocortisone could reduce the mortality rate.14 However, Fujii et al disputed this result. The therapy of 
thiamine, ascorbic acid, and hydrocortisone combination was not superior to intravenous hydrocortisone alone.15 The 
Ascorbic Acid, Corticosteroids, and Thiamine in Sepsis (ACTS) trial, which measured sequential organ failure assess-
ment (SOFA) score as the primary outcome, concluded that combination therapy should not be recommended as the 
routine therapy for sepsis.12 This finding is interesting to be reviewed since many previous studies supported the 
combination therapy group in treating sepsis.14 Several studies have shown the effect of ascorbic acid and thiamine on 
MMP-9 and TIMP-1. Thiamine and ascorbic acid administration have been linked to reducing TIMP-1 and MMP-9 
levels in cancer cells.16 The administration of thiamine and benfotiamine was associated with an increase in TIMP-1 
concentration.17 An experiment in mice also showed increased apoptosis and MMP-9 level in tumor cells deficient in 
ascorbic acid.16 MMP-9 and TIMP-1 levels are easy to perform at any time and can depict changes at the tissue and 
cellular levels. Therefore, research on the effect of thiamine, ascorbic acid, and their combination on MMP-9, TIMP-1, 
and their ratios in septic patients needs to be done to reduce the mortality rate of sepsis remains a global health problem.

Methods
This study was a randomized controlled trial with a pretest-posttest control group design with randomization using 
a computer application (www.randomizer.org). Sample collection was at Adam Malik General Hospital Medan and 
Grand Medistra Hospital Deli Serdang from April 2020 – May 2021. The inclusion criteria of this study were adult sepsis 
patients admitted to ICU with SOFA score ≥ 2, Lactate level ≥ 2 mmol/L, and received management hour-1 sepsis 
bundle. The research excluded the allergic reactions to thiamine and ascorbic acid. The sampling of this study was non- 
probability sampling consecutive sampling.

Clinical Protocol and Participant
This research was conducted after obtaining informed consent and approval from the University of North Sumatra 
Medical Faculty Research Ethics Committee and permission from the Education and Training Division of Adam Malik 
Hospital, Medan. All patients were diagnosed with sepsis using qSOFA criteria or SOFA score according to the 

https://doi.org/10.2147/IDR.S378523                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2022:15 5742

Lubis et al                                                                                                                                                             Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.randomizer.org
https://www.dovepress.com
https://www.dovepress.com


Surviving Sepsis Guidelines. Patients, including the sample, were performed a physical examination and treated with 
an hour-1 sepsis bundle, then managed other supporting sepsis therapies according to our standard operating procedures 
such as source control of infection. Samples included in the inclusion criteria were randomized using a computer and 
divided into four groups: the normal saline group, thiamine, ascorbic acid, and both (a combination of thiamine and 
ascorbate). The normal saline group got 0.9% NaCl 50 cc (drip 60 minutes every 12 hours) for three days. The thiamine 
group received a 200 mg thiamine injection administered (drip 60 minutes every 12 hours) for three days. The ascorbic 
acid group received an ascorbic acid injection of 50 mg/kg BW administered (60 minutes every 12 hours) for three days. 
The combination group received a thiamine injection of 200 mg and an ascorbic acid injection of 50 mg/kg BW 
administered (60 minutes every 12 hours) for three days. Drugs were prepared and administered by the research assistant. 
The MMP-9 and TIMP-1 examination (ELISA kit, Antibody-Sunlong Biotech Co., Ltd) was carried out before 
intervention. Second blood draw for the levels of MMP-9 and TIMP-1 check after the intervention about 72 hours.

Statistical Analysis
The analyzing data were using SPSS 25.0 software. The normally distributed numerical data were presented in mean±SD 
(standard deviation), while the data that were not normally distributed were presented in median (minimum-maximum). 
Categorical data were displayed in numbers (percentages). The normality test was performed using Kolmogorov– 
Smirnov test. Statistical test for normally distributed data in 4 groups was analyzed using ANOVA, and not normally 
distributed data were analyzed using Kruskal Wallis. The relation between two variables of continuous data was analyzed 
using the Pearson correlation test. The effect of the one variable value in predicting the value of the other variable was 
analyzed using a linear regression model.

Results
The number of subjects who met the inclusion criteria was 147 patients. Fifty-three patients passed away during the 
monitoring period, and eight blood samples were damaged. The final data analyzed consisted of 86 subjects (Figure 1). 
A normality test was to assess whether the variables of the sample tested in this study were normally distributed or not. 
The normality test in each group in this study used the Kolmogorov–Smirnov test. The data were declared normally 
distributed if the p-value was >0.05 and not normally distributed if the p-value was <0.05. In this study, age and MAP 
were normally distributed, so it used the ANOVA test for the statistical test. Meanwhile, sex, lactate, SOFA score, NLR, 
MMP-9, and TIMP-1 were not normally distributed, so we used the Kruskal Wallis test (Table 1).

In this study, a difference test was carried out using the ANOVA test for normally distributed data, and homogeneous 
results were obtained for the variables of age (p = 0.574) and MAP (p = 0.824). Meanwhile, for the not normally 
distributed data, we carried out the test using the Kruskal–Wallis test and obtained homogeneous results for the variables 
sex (p = 0.422), SOFA score (p = 0.577), lactate (p = 0.289), and NLR (p = 0.732). In this study, the highest lactate levels 
were found in the 0.9% NaCl group and combination group. All the subjects in this study had MAP values >65 mmHg 
because of vasopressor support (Table 2). From 53 subjects who died during this study, the characteristics were presented 
in the Kaplan Meier survival curve. The curve shows that the survival of patients receiving thiamine and combination 
was higher in the first 10 hours than in the other two groups. However, after 24 hours of observation, the thiamine group 
had higher survival than the ascorbic acid, combination, and 0.9% NaCl group, with more than 60% of patients still alive. 
After 48 hours of observation, the combination group showed better survival, with more than 40% of patients alive. At 60 
hours, all patients from the 0.9% NaCl, ascorbic acid, and combination groups died, while 10% from the thiamine group 
survived. Before 72 hours, a total of 53 patients from all groups died (Figure 2).

Figure 3 shows a moderately positive correlation between MMP-9 and TIMP-1 enzyme levels in septic patients who 
died during observation. The increase in MMP-9 enzyme levels was significantly correlated with the TIMP-1 enzyme 
levels increase (r = 0.564; p = 0.001).

Figure 4 shows a linear regression analysis that showed a strong positive correlation between MMP-9 enzyme levels 
and the MMP-9/TIMP-1 ratio in sepsis patients who died during the observation time (R2 = 0.628; p < 0.001; r = 0.792), 
meaning an increase in MMP-9 can affect the increase in MMP-9/TIMP-1 by 62.8%. TIMP-1 levels also have a positive 
correlation, but do not have a significant effect on the MMP-9/TIMP-1 ratio (R2 = 0.001; p = 0.852; r = 0.031). This 
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finding shows that in non-survivor sepsis patients, there was an MMP-9/TIMP-1 ratio imbalance, indicated by the large 
effect of the MMP-9 enzyme on the MMP-9/TIMP-1 ratio offset by the influence of the TIMP-1 enzyme.

Linear regression analysis in survived sepsis patients showed an association between the MMP-9 enzyme and the 
MMP-9/TIMP-1 ratio, which had a moderate effect and a positive correlation (R2 = 0.235; p = 0.012; r = 0.485). This 
finding was offset by the moderate impact of the TIMP-1 enzyme on the MMP-9/TIMP-1 ratio with a negative 

Figure 1 Flow of Patients Through the Ascorbic Acid, Thiamine and Combination of Them in Septic Patients.

Table 1 Normality Test in 147 Subjects

Variables p-value

Age 0.200*

Sex 0.001
Mean arterial pressure (MAP) 0.200*

Lactate 0.001

SOFA score 0.010
Neutrophil and lymphocyte ratio (NLR) 0.004

MMP-9 pre treatment 0.001

MMP-9 post treatment 0.031
TIMP-1 pre treatment 0.001

TIMP-1 post treatment 0.001

Note: *Kruskall Wallis test, normal distribution if p>0.05. 
Abbreviations: MAP, Mean Arterial Pressure; SOFA, Sequential Organ Failure 
Assessment; MMP-9, Matrix metalloproteinase-9; TIMP-1, Tissue Inhibitor Of 
Matrix Metalloproteinase-1.
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correlation (R2 = 0.167; P = 0.038; r = −0.408) (Figure 5). This finding shows a balance in the MMP-9/TIMP-1 ratio 
in survived sepsis patients, indicated by the significant effect of the MMP-9 enzyme on the MMP-9/TIMP-1 ratio.

Table 3 shows that the levels of the MMP-9 enzyme before treatment in the four groups had significant or 
homogeneous differences in value (p = 0.166). Based on the initial MMP-9 values, the levels of this enzyme increased 
in the 0.9% NaCl group, while in the thiamine, ascorbic acid, and combination groups, MMP-9 levels decreased after the 
intervention. A significant decrease in MMP-9 was found in the ascorbic acid and combination groups (p = 0.04 and p = 
0.026). However, the comparability test showed MMP-9 levels after treatment, and the difference was not significantly 
different between the treatment groups (p > 0.05).

Table 4 shows the levels of TIMP-1 enzyme in each group. After administration of 0.9% NaCl and thiamine, there 
was no significant decrease and tended to increase, but a significant increase occurred in the 0.9% NaCl group. In 
contrast to the ascorbic acid group and the combination, there was a sharp but insignificant decrease in TIMP-1 (p > 
0.05). Statistically, the change in TIMP-1 in the four groups was not significant (p = 0.165). A decreasing level of 
TIMP-1 was only found in the ascorbic acid and combination groups but was not statistically significant (p > 0.05).

Table 5 shows that thiamine administration could maintain the MMP-9 and TIMP-1 balance in sepsis patients, which 
means that the significant positive effect on the MMP-9/TIMP-1 ratio of the MMP-9 enzyme can be offset by the 
significant negative impact of the TIMP-1 level. Meanwhile, in the NaCl 0.9% and ascorbic acid groups, there was 

Table 2 Baseline Characteristics of the Study Population

Characteristics NaCl 0.9% Thiamine Ascorbic Acid Combination

Age, years (mean ± SD) 48.8 ± 18.4 52.3 ± 16.8 53.3 ± 11.7 50.7 ± 11.1
Sex

Male, n (%) 10 (38.5) 10 (50.0) 12 (50.0) 11 (68.8)

Female, n (%) 16 (61.5) 10 (50.0) 12 (50.0) 5 (31.3)
MAP, mmHg (mean ± SD) 94.8 ± 17.0 97.6 ± 25.4 91.4 ± 16.0 92.4 ± 16.0

Lactate, mmol/L median (min-maks) 2.0 (1–10.0) 1.3 (1.0–5.5) 1.0 (1–10.0) 2.0 (1.0–4.0)

SOFA, median (min-max) 6 (2–18) 7 (3–14) 7 (2–18) 6 (2–12)
NLR, median (min-max) 10.6 (2.5–30.3) 14.4 (0.2–86.8) 13.9 (1.6–69.3) 10.7 (1.4–64.6)

Abbreviations: MAP, Mean Arterial Pressure; SOFA, Sequential Organ Failure Assessment.

Figure 2 Kaplan Meier survival curve in non-survival subjects within 72 hours of observation.
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a significant positive effect on the MMP-9/TIMP-1 ratio of the MMP-9 level, but the TIMP-1 level effect did not follow 
it. In the combination group, changes in MMP-9 and TIMP-1 enzyme levels did not affect the MMP-9/TIMP-1 balance.

Discussion
This study was conducted to explain the effect of thiamine and ascorbic acid on MMP-9 and TIMP-1 levels in septic 
patients. This study found that 53 patients (36%) died during the study before the observation finished or in less than 72 
hours. On the Kaplan Meier survival curve, patients who died during 72 hours of observation showed that the thiamine 
group had a higher chance of survival than the 0.9% NaCl, ascorbic acid, and combination groups, and the thiamine 
group had a better and constant chance of survival after 30 hours of observation. There was a moderate and significant 
positive correlation between the MMP-9 and TIMP-1 levels of the 53 septic patients who died before completed 
observation or less than 72 hours. This result proves that an increase in MMP-9 levels followed by a more significant 
increase in TIMP-1 levels indicates a vital role for these two enzymes in the pathophysiology of sepsis.

Figure 3 Scatterplot graph of MMP-9 and TIMP-1 levels in sepsis patients who did not survive during observation.

Figure 4 Scatterplot graph of MMP-9, TIMP-1 levels, and MMP-9/TIMP-1 ratio in sepsis patients who did not survive during observation.
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MMP-9 and TIMP-1 are enzymes that are important in maintaining the balance of integrity and composition of the 
ECM in various tissues that play an important role in controlling signals generated from matrix molecules that regulate 
cell proliferation, differentiation, and cell death.18 MMP-9 also helps lymphocytes and leukocytes to enter the blood and 
lymph circulation.19 Another study showed that MMP-9 was elevated in septic shock patients and decreased after 
treatment with polymyxin B immobilized on fibers (PMX-F). Research on inhibiting the MMP-9 levels in septic rats 
using chemically modified tetracycline-3 (CMT-3) has also been carried out and found an increase in TIMP-1 levels, 
which lowers TGF and decreases caspase-3 signaling pathways, plays a role in cell life.20 Many things can affect the 
MMP-9 and TIMP-1 levels increase. MMP-9 was correlated significantly positively with the number of circulating 
leukocytes, especially neutrophils.21

Figure 5 Scatterplot graph of changes in MMP-9, TIMP-1 level, and MMP-9/TIMP-1 ratio in sepsis patients who survived during observation.

Table 3 Comparison of MMP-9 Level in 3 Groups

MMP-9 Level (ng/mL) NaCl 0.9% (n=26) Thiamine (n=20) Ascorbic Acid (n=24) Combination (n=16) p-value

Before treatment

Mean ± SD 983.8 ± 544.0 1312.8 ± 419.5 1133.1 ± 551.1 1289.3 ± 564.4 0.166
After treatment

Mean ± SD 1236.6 ± 658.3 1168.9 ± 455.5 938.0 ± 587.7 1057.8 ± 561.1 0.455

Difference
Mean ± SD 252.8 ± 646.8 −143.8 ± 436.3 −195.0 ± 458.4 −231.5 ± 345.5 0.113

p-value 0.662 0.135 0.04 0.026

Abbreviations: MMP-9, Matrix metalloproteinase-9. Statistical significance if p<0.05, CI 95%.

Table 4 Comparison of TIMP-1 Level in 3 Groups

TIMP-1 Level (ng/mL) NaCl 0.9% (n=26) Thiamine (n=20) Ascorbic Acid (n=24) Combination (n=16) p-value

Before treatment

Mean ± SD 644.5 ± 371.1 581.8 ± 131.8 569.6 ± 161.2 587.1 ± 146.4 0.939

After treatment
Mean ± SD 783.2 ± 330.7 584.8 ± 185.0 540.0 ± 167.7 552.3 ± 194.5 0.016

Difference

Mean ± SD 138.7±320.5 2.9 ± 121.3 −29.6 ± 121.5 −34.7 ± 139.1 0.076
p-value 0.045 0.709 0.304 0.379

Abbreviations: TIMP-1, Tissue Inhibitor Of Matrix Metalloproteinase-1. Statistical significance if p<0.05, CI 95%.
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In the scatterplot graph of MMP-9, TIMP-1 levels, and MMP-9/TIMP-1 ratio in septic patients who did not survive, 
MMP-9 levels were correlated positively with the MMP-9/TIMP-1 ratio with an effect of 62.8%, but TIMP-1 levels as an 
MMP-9 inhibitor could not affect the MMP-9/TIMP-1 ratio. Meanwhile, in the scatterplot graph, the levels of MMP-9, 
TIMP-1, and the MMP-9/TIMP-1 ratio in survived sepsis patients showed the opposite result. In survived patients, 
MMP-9 levels were correlated positively with the MMP-9/TIMP-1 ratio. Meanwhile, TIMP-1 can affect the MMP-9/ 
TIMP-1 ratio inversely. This finding indicates that changes in MMP-9 level followed by changes in TIMP-1 level in 
maintaining the MMP-9/TIMP-1 balance are conditions that describe the ability of cells to survive.

Although studies of the therapeutic effect of thiamine, ascorbic acid, and their combination as adjuvant therapy in sepsis 
have not improved outcomes in septic patients, this study tried to examine the treatment effect by assessing the MMP-9 
biomarker, which is a principal effector in acute inflammatory disease. MMP-9 stored in the tertiary granule of polymorpho-
nuclear leukocytes can be released by inflammatory factors such as IL-1b, IL-8, and TNF.22 This study proved that the 
administration of thiamine, ascorbic acid, and combination reduced MMP-9 levels as a biomarker of inflammation.

This study showed that the administration of 0.9% NaCl and thiamine did not decrease TIMP-1 levels but tended to 
increase them. A significant increase occurred in the 0.9% NaCl group. In contrast to the ascorbic acid group and the 
combination, there was an insignificant reduction in TIMP-1 levels. Compared with another similar study conducted in 
2014, levels of TIMP-1 were higher in patients who did not survive than in those who survived. Elevated levels of TIMP- 
1 are associated with capillary thrombosis, multiple organ dysfunction worsening, and mortality in septic patients.9 

Another study found that TIMP-1 increased after 10–20 hours of sepsis, and TIMP-1 levels were higher in the healthy 
group. This study also recommends that elevated TIMP-1 is an excellent biomarker to predict poor clinical outcomes in 
severe sepsis patients.23 When viewed from the results of our study, the control group showed worse condition because 
there was a very high and significant increase in TIMP-1 levels, which was 21.5% from the baseline TIMP-1 value. 
According to Serrano-Gomez et al (2017), TIMP-1 showed higher sensitivity, specificity, and negative predictive value, 
to predict the severity of sepsis and concluded that none of the biomarkers evaluated had a significant predictive value for 
mortality.11 Meanwhile, there was only a slight increase in TIMP-1 levels in the thiamine group by 0.49%. The ascorbic 
acid and combination groups showed a decrease in TIMP-1 levels. The results of this study are consistent with the 
previous studies conducted by Lorente8,9 that an increase in TIMP-1 was found in patients who did not survive occurred 
in patients receiving NaCl 0.9% therapy.

However, this study is interesting viewed from the correlation of MMP-9 and TIMP-1 levels in septic patients. The 
control and combination groups showed a positive correlation between changes in MMP-9 levels and TIMP-1 levels. 
Although the correlation is weak and insignificant, it shows the same correlation pattern. The higher the MMP-9 levels, 
the more substantial the increase of TIMP-1 levels. The balance of the MMP-9/TIMP-1 ratio in the control group and 
ascorbic acid group was only affected by MMP-9 levels when looking at the result of the linear regression test. While 
TIMP-1 levels could not affect the MMP-9/TIMP-1 significantly. As for the combination group, changes in MMP-9 and 

Table 5 Linear Regression Analysis Between the Balance of MMP-9/TIMP-1 with Levels of 
MMP-9 and TIMP-1 in Sepsis Patients

Variables NaCl 0.9% 
(n=26)

Thiamine 
(n=20)

Ascorbic Acid 
(n=24)

Combination 
(n=16)

MMP-9

Beta 0.415* 0.445* 0.457* 0.070
R2 0.172 0.198 0.209 0.005

p-value 0.035 0.05 0.025 0.798

TIMP-1
Beta −0.120 −0.520* −0.383 −0.173

R2 0.014 0.270 0.147 0.030
p-value 0.558 0.019 0.064 0.522

Notes: *Pearson correlation test, independent-t test, Statistical significance if p<0.05, CI 95%. 
Abbreviations: MMP-9, Matrix metalloproteinase-9; TIMP-1, Tissue Inhibitor Of Matrix Metalloproteinase-1.
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TIMP-1 levels did not affect the MMP-9/TIMP-1 balance. This study proved that administration of thiamine cause 
changes in MMP-9 and TIMP-1 levels. These changes are helpful to maintain MMP-9/TIMP-1 balance in septic patients.

Although thiamine administration could not significantly reduce MMP-9 levels, it caused a minimal increase in 
TIMP-1 levels. Thiamine is the only group that maintained MMP-9/TIMP-1 balance in septic patients, which was not 
found in the other intervention groups. This balance becomes significant, especially in sepsis, where liver injury, vascular 
damage, multiple organ failure, immune system damage in controlling infection, and blood coagulation disorders 
occur.24–28 Another study concluded a significant correlation between increased mortality and decreased MMP-9/ 
TIMP-1 ratio on the first, fourth, and eighth days in septic patients. MMP-9 is a proteinase that plays a role in ECM 
degradation with specific activity regulating transcription and zymogen precursor activity, and high levels of MMP-9 in 
circulation can describe cytokine storm conditions. High MMP-9 activity contributes to cell death and accelerates 
apoptosis.9,29,30 The role of TIMP-1 as a specific inhibitor of MMP-9 plays a role in controlling local activity in tissues, 
so it is expected to reach the balance in ECM.31

Finally, this study has a few advantages since it is a randomized controlled trial (RCT). The existence of randomiza-
tion, a control group as a comparison, and assessment before and after treatment make this study more valid by 
minimizing the possibility of bias.

This study is also the first to evaluate sepsis therapy with thiamine, ascorbic acid, and a combination of the two by 
measuring the biomarkers MMP-9 and TIMP-1 levels. Previous studies assessed outcomes in terms of mortality, and 
none have utilized these enzyme biomarkers.9,12 This study explains a biomolecular approach to the controversial role of 
thiamine, ascorbic acid, and their combination. That is still under debate by Marik et al (2017), ORANGES Trial by 
Iglesias et al (2020), VITAMINS Randomized Clinical Trial by Fujii et al (2020), and other investigators on the choice of 
thiamine, ascorbic acid and combination therapy for the management of sepsis. This study shows that the administration 
of thiamine alone provides better benefits than ascorbic acid alone and in combination.14,15,32

Conclusion
Administration of thiamine alone gives better advantages than ascorbic acid alone and the two combined.
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