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Abstract

Background: Severe sepsis increases pro-inflammatory cytokines, causing systemic translocation to the
commensal bacteria. A study in Southeast Asia involving 13 public hospitals in 3 countries, including Indonesia,
found that sepsis mortality in children was 2% and a 28% incidence of severe sepsis. Low plasma zinc levels
were found in severe and critically septic patients in children and adults.

Objective: This study aims to explain the mechanism of sepsis improvement after zinc administration through
MDA and MMPS during LPS-induced sepsis in rodents.

Material and Methods: We divided samples of 40 rats into four groups of Control, LPS, LPS-Zinc, and Zinc.
Blood sampling in 2-hour after LPS or placebo administration to measure zinc level. Zine was administered in
LPS-Zinc and Zinc group and placebo in two other groups. Blood sampling in 8, 24, and 72 hours to measure
MDA and MMP-8 by sandwich-ELISA method. Statistical analysis was carried out with one-way ANOVA,
Kruskal Wallis, Mann-Whitney, Paired t-tests, Wilcoxon Signed Rank Test, and path analysis.

Results: Oral administration of zinc decreased the expression of monocyte MDA and MMP-8. The mechanism
of zinc in the repair of sepsis through inhibition of MDA and MMP-8. Zinc supplementation can possibly reduce
the the risk of child mortality in sepsis case.

Conclusion: Administration of zinc in sepsis improves the condition of sepsis by decreasing pro-inflammatory
cytokine and increasing anti-inflammatory cytokine
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1. Introduction

In-hospital mortality due to sepsis is 15% and severe sepsis is 26% in adults has an incidence rate of 437
cases of sepsis and 270 cases of severe sepsis per 100,000 people per year. It is estimated that there are 31.5
million cases of sepsis globally and 19.4 million severe sepsis with potential mortality of 5.3 million.' Research
at Dr. Soetomo Hospital showed mortality due to sepsis 16.7%, severe sepsis 27 .08%, and septic shock 14.58% 2
Low plasma zinc levels are found in children and adults patients with severe and critical sepsis.’~ We can
conclude that low zinc levels in patients with severe and critical sepsis are still a problem.

There are two phases of immune responses in sepsis, a hyperinflammatory phase characterized by the
predominance of proinflammatory cytokines and a hypo-inflammation phase in the form of an uncontrolled
anti-inflammatory response. In sepsis, vascular endothelial damage occurs due to ROS and MMP-8 produced
by neutrophils *¥ Damage due to ROS activity is characterized by an increase in MDA (malondialdehyde)
which is the end product of oxidative stress in phospholipid membranes. High levels of MDA and MMP-8 are
associated with septic mortality.”'Y Improvement of sepsis symptoms after zinc administration was found in the
study of Bhatnagar, 2012 which gave zinc 10 mg/day as adjuvant therapy in neonatal sepsis.'!

LJRP 2021, 85(1), 23-30; dot: 10471 T9TIRPI00851920212282 WWWLirpLorg




Martono Tri Urome / International Joumnal of Research Publications (I/RP ORG) @ IJ R P-O

Zinc reduces oxidative stress and ROS production because zinc functions as a scavenger enzyme.'? Zinc
also reduces levels of CRP, lipid peroxidase, and proinflammatory cytokines."® The increase in TGF- inhibits
the expression of MMP-8 in cell culture preparations'®: so that zinc can indirectly reduce MMP-8.
Malondialdehyde (MDA) is an end product during oxidative stress events on membrane phospholipids. A high
MDA is found in sepsis and is associated with death at 30 days.'"” Serum MMP-8 is also elevated in severe
sepsis.'” Neonatal sepsis is a major problem that requires special attention in the field of neonatal care
because of its high prevalence and mortality. The diagnosis and management of neonatal sepsis are
often late and various risk factors aggravate the condition. This could be because of in zinc deficiency that
leads to poor prognoses.'®

2. Methods

2.1 Preparation of animal study

This was an experimental study with a completely randomized design. Ethical clearance was given, number
700-KEP-UB. We use healthy male Sprague-Dawley rats (Rattus norvegicus) aged 10-12 weeks and excluded
if there were congenital abnormalities at birth. The rats were acclimatized for two weeks at the Institute of
Biosciences, Brawijaya University before being used. Feeding standard pellets and drinking water ad libitum
and the husks are changed every two days. We had done and published similar studies in zinc and sepsis.!’

2.2 Serum Zinc Levels

The zinc sulfate solution was given by adding 9 mL of aquadest to 1 mL of zinc sulfate drop (10 mg/ mL),
the dose was 4.65 mg/kg BW for rats. Stimulation of LPS E. Coli serotype O111: B4 at a dose of 10 mg/kg
body weight of rats was administered intravenously to the group given LPS. A sampling of rat blood was taken
from the tail at the 2nd hour as much as 2mL for zinc examination and another 2 5ml blood samples at the g
and 24" hours for ELISA and ICC tests, while at 72" hour we collect blood samples from the rat aorta. Then
divided into samples with EDTA (centrifuged at 6,000 G for 10 minutes at 25°C within 30 minutes after being
collected and stored in a -20°C refrigerator) and without EDTA (stored in a -20°C refrigerator). Blood samples
without EDTA were The examination of blood zinc levels using the AAS method begins with making a standard
zine solution of 1000 mg zine/liter by diluting 10 mL of nitric acid to 50 mL by adding 1,000 g of zinc, diluting
it again to 100 ml. As much as 1 mL of standard zinc mixed with a 5/95 to 100 mL glycerol water solution,
shaken 16 times, then 1, 2, 3,4 mL were taken into 100 mL volume flask and added with a 5/95 glycerol/water
solution. Solutions (0.1, 0.2,0.3, and 0.4 mg zinc per liter) were associated with plasma zinc concentrations of
500, 1,000, 1,500, and 2,000 g of zinc per liter. We use 1.2mL of blood with a drop of sodium citrate, then
centrifuged 900 G for 20 minutes. Take 0.5 mL of plasma and add 2 mL of de-ionized water mixed for 30
seconds, using spectrophotometry to read the results by comparing with standard zinc solutions. '

2.3 Cytokine Analysis

Measurement of MDA and MMP-8 levels was performed by Sandwich-ELISA method using universal
MDA ELISA Kit (7.813-500 ng/ mL) 96T EU 2577, and Rat MMP-8 ELISA Kit (78,125-5000 pg /mL) 96 T
ER 1166.

2.4 Assay Analysis

Before adding the reagent to the well, the TMB substrate was placed at 37 oC for 30 minutes. Standard
wells, test and control samples, and stews were pre-coated with anti-MDA, and MMP-8 antibodies. The plates
were washed twice before adding standards, samples, and controls. Aliquot 0.1 mL of 1000 pg / mL, 500pg /
mL, 250 pg / mL, 125 pg / mL, 62.5 pg / mL, 31.25 pg / mL, 15,625 pg / mL standard solution MDA, and
MMP-8 into the standard well. A 0.1 mL standard dilution buffer sample is added to the control well and a 0.1
mL serum sample is added to the test sample well. Close the plate and incubate at 37 ® C for 90 minutes. Then
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the plates were washed twice with washing buffer. As much as 0.1 mL Biotin-labeled antibody solution was
added to wells (standard, test, and control samples). Incubated at 37 ° C for 60 minutes then washed 3 times
with washing buffer and left in the well for 1 minute. The 0.1 mL SABC solution was added then closed and
incubated at 37 ° C for 30 minutes. The plates are washed 5 times with washing buffer and left for 1-2 minutes.
90uL TMB substrate was added and incubated at 37 ° C in a dark room for 15-30 minutes. The reaction was
stopped by adding a 50 pL stopping solution. The O.D absorbance was read using a microplate reader at 450
nm and the color changed to yellow.

2.5 Statistical Analysis

We analyzed zinc levels, MDA, and MMP-8 with descriptive analysis. One-way ANOVA was used to
analyze the difference between mean and standard deviation (SD) levels of zinc, MDA and MMP-8 by first
doing a normality test of all the dependent variables on all group. Comparison of group data at 8", 24" and
72™ hour measurements were performed with Same Subject ANOV A analysis if the distribution was normal
and Friedman's ANOVA if the distribution wasn't normal. The zinc action mechanism was analyzed using Path
Analysis (a= 0.05).

3. Result

This research was conducted from March 2017 to December 2017 using white male rats (Rattus norvegicus)
Sprague-Dawley strain. We divided forty rats into four groups of ten each: the control group (C), the LPS group
(L), the LPS-Zinc group (LZ), and the Zinc group (Z). Table 1 shows that there's no difference in body weight
between groups before the treatment is given (p> 0.05). The LPS and LPS-Zinc groups received intravenous
administration of LPS E. Coli. The control and zinc groups with aqua dest placebo. Blood was collected (2.5mL)
at the 2" hour on five rats in each group to measure zinc levels. The aqua placebo was given to the control
group and the LPS group at the 2", 24" and 48" hours. We give zinc 4.65 mg/kg BW in the form of zinc sulfate
solution for 10 mg/mL diluted to 1 mg/mL in the LPS-Zinc group and the zinc group at 2", 24" and 48" hours.
Two death occurred in the LPS group at the 8" and 24" hours.

Table 1. Mean Rats Body Weight in four groups
Body Weight (g)

Group n

Mean Minimum Maximum P
Control 5 221,40 213 229
LPS 5 240,80 225 253 0.336
LPS-Zinc 5 226,60 208 256 ’
Zinc 5 232,80 202 263

25
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After two hours of administration of LPS E. Coli 10 mg/kg BW intravenously, we found zinc deficiency
(normal zinc levels were 84 - 159 ug / dL) in LPS and LPS-Zinc groups. There were differences between the
Zinc group and the other three groups (Control, LPS, and LPS-Zinc) after 72" hours. The difference in zinc
levels at the 2 and 72™ hours shows that three days of zinc administration can increase zinc levels (Table 2
and Figure 1). MDA levels in the LPS group were higher than the other three groups at 8, 24, and 72 hours and
there was an increase in MDA levels from 8 to 72 hours showing a continuous process of ROS tissue-damaging
process. The MDA levels in the control group were lower than the other, but there was an increase at the 24%
and 72™ hours when compared to the 8th hour. We can see that ROS tissue-damaging process can still happen
under normal conditions, but not as big as in sepsis. Higher MDA in the zinc group than the control group
indicated that zinc administration under normal conditions can increase MDA levels (Table 2 and Figure 2).

Table 2. Serum zinc levels at 2 h and 72 h after LPS E. Coli administration

Zinc Levels (mg/L)

Group n P
2h 72h
) 0,87+ 0,09 0.91+022¢
Control 5 (0.75-0.97) (0.57-1.19) 0,670
0,62+021 1,14+ 0240 -
LPS > (0,42-0,97) (0,94-1,54) 0039
LPS- 0,75+ 006 0,99+ 007"
5 ’ ’ ’ ’ 0 043
Zinc (0,71-0,86) 0,94-1,11) ’
. 0.87+0.18 149+0,17° -
Zinc > (0,62-1,12) (1,33-174) 0001
p 0,073 0001%*
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Figure 2. Comparison of MDA serum levels at 8 h, 24 h and 72 h in 4 groups

Table 3 shows that MMP-8 levels in the LPS group were higher than the other three groups at the 8™, 24",
and 72" hours and there was an increase from the 8" hour to the 72 hour. Lower MMP-8 levels in the zinc
group than the control group at 8, 24, and 72 hours indicating that under normal conditions zinc could inhibit
MMP-8. There was an increase in MMP-8 levels in the Control group at 8, 24, and 72 hours proved that MMP-
8 was also involved in the tissue degradation process (figure 3). Zinc's endothelial damage prevention can be
seen from the lower levels of MDA and MMP-8 in the LPS-Zinc group compared to the LPS group, starting
from the 8" hour to the 72" hour. Zinc administration under normal conditions could increase MDA levels
compared to controls, but still lower than the LPS-Zinc group, but zinc administration under normal conditions
decreased MMP-8 levels compared to controls.

Tabel 3. Serum MMP-8 levels at 8 h, 24 h, and 72 h in four groups
Serum MMP-8 levels (pg/L)

Grou n
P 8h 24 h 72 h P
] 310,83 + 2,95 323 04+ 130" 321,65 2820 e
Control (307 27-315.35) (321,12-324.58) (31693-324.19) 0000
LPS 571,69 + 11,93¢ 58429 + 6,27 656,60 £2293¢ o,
(557.27-584.96) (575,35-590.73) (629,58-692 65) ‘
e 507,17 £2,28¢ 515,73 + 306° 52621 0,57 "
LPS-Zinc (503 42-509,58) (511,50-519,19) (52535-52689) 0000
Jine 288,73 £1,52¢ 292,81 + 208 209095331 (0,
(286.50-290,35) (290,35-29572) (294,58-303 04)
P 0,000* 0,000* 0,000*
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Figure 3. Comparison of MMP-8 serum levels at 8 h, 24 h and 72 h in 4 groups

4. Discussion

This study aims to reveal the mechanism of action of zinc in sepsis-induced by LPS E. Coli. Tissue damage
was indicated by MDA and MMP-8. We compared the LPS group with the control group to see the changes
that occurred in sepsis compared to normal conditions, the LPS-Zinc group to the LPS group to see the effect
of zinc administration on sepsis. The zinc group was compared to the control group to see the effect of zinc
administration under normal conditions. Intravenous LPS E. Coli was successfully used as inflammatory sepsis
agents in experimental animal models, shown by higher MDA and MMP-8 in the group receiving LPS E. Coli
compare to controls. High levels of MDA and MMP-8 are associated with septic mortality .'*!*

LPS E. Coli has been used in several studies as a model for sepsis in experimental animals, administered
intraperitoneal, intravenous, and CLP. (Caecal Ligation and Puncture).'” The dose of LPS used in this study
was 10 mg/kg BW intravenously as used in previous studies.!” The decrease in zinc levels 2 hours after LPS
administration in the LPS and LPS-Zinc groups in this study was not as substantial as the decrease in plasma
zinc levels in septic and critical conditions in previous studies (45-48 g/dL).** In this study, the average zinc
level in the LPS group was 0.62 mg/L or 62 g/dL and 0.75 mg/L or 75 g/dL in the LPS-Zinc group, which was
included as zinc deficiency (normal values for zinc levels 84 - 159 g/dL),”" while in the control and zinc groups,
zinc levels were normal. It could be that the intravenous LPS E. Coli that triggered the sepsis symptoms in this
study didn't cause severe sepsis.

There is an increase in ROS production in sepsis that is shown by an increase in MDA, The LPS group zinc
levels increase at 72 hours point out zinc function as a scavenger enzyme to neutralize the ROS formed. MDA
is the result of the breakdown of lipid peroxide formed from the reaction of arachidonic acid with ROS.
Consistently high serum MDA levels are associated with mortality in sepsis.'” LPS exposure can increase MDA
in several organs such as mouse brain tissue ** The dose of LPS that can cause an increase in MDA is 10 mg/kg
while lower doses of 0.5, 1, and 2 mg/kg can't.” The administration of zinc in this study could reduce MDA
levels in the LPS-zinc group when compared to the LPS group. Administration of zinc as a scavenger enzyme
reduces MDA so that tissue damage due to ROS can be prevented. Research on the effect of zinc administration
on healthy people for eight weeks comparing pre and post zinc MDA levels found a significant decrease in
MDA >

MMP-8 is a matrix tissue degradation enzyme released by leukocytes during inflammation > In this study,
there was an increase in MMP-8 in the experimental group of animals injected with intravenous LPS E. Coli.
MMP formation is induced by LPS indirectly through the cytokines IL1 and TNF-0.” Elevated MMP-8 occurs
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in septic shock in pediatric patients and is associated with decreased life expectancy and increased organ
failure 2 The administration of zinc to the group injected with LPS E. Coli resulted in a lower reduction in blood
MMP-8 levels than the group injected with LPS E. Coli.

Zinc levels in the LPS-Zinc group at 72 hours were increased, even not as high as the LPS group, manifest
improved sepsis and decreased ROS production, indicated by low MDA levels. Zinc wasn't required much as a
scavenger enzyme for the ROS production had decreased. The AAS method examination reflects total zinc
levels in serum and can't distinguish free and albumin-bound zinc levels. The total zinc levels in the serum
consist of free zinc bound to albumin. Serum zinc levels are 0.1% of the zinc content in the body and 98% of
zinc bound to serum proteins resulting in no interaction with immune cells and tissues. There is a decrease in
total serum zinc, [ree zinc, and zinc-binding capacity of albumin in sepsis. Zinc addition in sepsis causes an
increase in free zinc levels thus inversely proportional to total albumin levels.” A new finding from this study
is that zinc administration in sepsis experimental animals can reduce MDA and MMP-8 cytokines.

Serum zinc level is associated with the prognosis of early onset neonatal sepsis, where serum zinc levels
<75 pg/dL are signficantly predictive of a worse prognosis than serum zinc levels >75 pg/dL.'” A meta-analysis
on RCTs done by Rouhani, Rezaei and Saneei revealed that zinc supplementation in under 5-year children has
significantly reduced the risk of all-cause mortality.® Preventive zinc also improves the growth of children in
developing countries and reduces total deaths in 1-to 4-year-old children by 18%.% Zinc supplementation in
neonates with sepsis improves the neurological status at one month of age although the mortality reduction was
not statistically significant.”

5. Conclusion

Oral administration of zinc decreased the expression of monocyte MDA and MMP-8. The mechanism of
zine in the repair of sepsis through inhibition of MDA and MMP-8. Zinc supplementation can possibly reduce
the the risk of child mortality in sepsis case.
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