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Abstract

Severe sepsis increased pro-inflammatory cytokines and low Zinc levels were also found in
patients with sepsis.To explain the mechanisms of sepsis improvement after Zinc administration
through cytokine regulations

Total sample of 40 rodents was randomized into 4 groups with treatment of LPS in LPS group
and LPS-Zinc and placebo in Control and Zinc group, then followed by blood sampling at the
second hour to measure Zinc level by AAS. Furthermore, in the LPS-Zinc and Zinc group, Zinc was
administered orally, while the control and LPS group were given placebo orally. The blood samples
were then collected at the 8th, 24th, and 72nd hour to measure TNF-a, IL-6, IL-10, and TGF-p by
sandwich-ELISA method and the Zinc content was also measured at the 72nd hour using AAS.
One-way Anova, Kruskall Wallis, Mann-Whitney, paired t-tests, and Wilcoxon Signed Rank Test

were employed as statistical analyses.

There were some decreases in the level of TNF-a and IL-6 plasma and an elevated levels of IL-
10 and TGF-p in the LPS-Zinc group compared to the LPS group.

Administration of Zinc in sepsis improve sepsis condition through decreased pro-inflammatory
cytokines (TNF-a and IL-6) and increased anti-inflammatory cytokines (IL-10 and TGF-B).
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Keywords: Zinc, sepsis, cytokine
Received date: 25 October 2018

Introduction

Sepsis remains a world health problem
due to its high mortality rate despite optimal
therapy using antibiotics, fluids, and inotropes.™?
Mortality rate of sepsis in hospitals is
approximately 15% among adults and 25%
among children.'® During sepsis, an increase in
pro-inflammatory cytokines of IL-1B, IL-6, IL-8,
IL-12, IFN, and TNF-a are associated with
mortality in sepsis.* Low serum Zinc levels are
also found in severe and critical sepsis among
children and adults.>” Zinc supplementation can
reduce pro-inflammatory cytokines of IL-6, IL-8,
and TNF-a.>*° In addition,  during Zinc
deficiency, there is also a low level of anti-
inflammatory cytokines of I-4, IL-10 and TGF-p."
Several studies have shown that administration
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of Zinc for sepsis can be useful to reduce
mortality rate.'"'? This study aims to investigate
the effect of Zinc on cytokine regulation under
septic conditions.

Materials and methods

Animal studies

This study used a sample of 40 Spraque-
Dawley rodents (10-12 weeks old) which were
acclimated 2 weeks before treatment, given
standard food, and grouped randomly into
Control, LPS, LPS-Zinc, and Zinc groups (10
rodents in each group).The administration of LPS
E coli serotype O111: B4 from Sigma with a dose
of 10 mg / kg (500 mg was prepared, yet only
100 mg was taken). Then it was diluted with 10
mL of aquabidest and injected intravenously in
the tail of rodents in LPS group and LPS-Zinc
group as much as 0.2 mL, whereas in the Control
and Zinc groups, rodents were given normal
saline of 0.2 mL intravenously. In addition, in
order to facilitate intravenous injection, 0.1 mL of
ketamine was administered.
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Zinc drop (10 mg/mL) (Zincpro® drop 15
mL, Combiphar Indonesia) was diluted to 1
mg/mL Zinc sulfate solution by adding 9 mL of
aquabidest to every 1 mL Zinc drop. Two mg/kg
of Zinc dose was to human body, or equivalent to
4.65 mg / kg of rodents’ body weight. It was given
to rodents via gastric tube to the LPS-Zinc and
Zinc group with a dose of 1 mL for 3 days, while
in the control and LPS groups, rodents were
given a placebo aquabidest of 1 mL.

Blood sampling was conducted through
rodents’ tail for 5 rodents in each group at the
second hour to analyze Zinc levels and at the 8"
and 24" hours for the next 5 rodents in each
group. Then at the 72" hour, we took blood from
rodents’ heart and aorta to analyze cytokines of
TNF-a, IL6, IL10, and TGF-p. Examination of
Zinc levels was also carried out at the 72™ hour.
Blood samples without EDTA were centrifuged at
6,000 G for 10 minutes and at 25 °C within 30
minutes, and then stored in a refrigerator at -20
°C until they were analyzed.

Plasma Zinc

Plasma Zinc was assayed by Atomic
Absorption Spectrophotometry (AAS) methods
that was used in the laboratory of Science and
Technology, Brawijaya University. This methods
had been described in the previous study (13).

Cytokine analysis

Measurements of  cytokines. The
concentrations of TNF-qg, IL6, IL10, and TGF-p in
the supernatant were measured by sandwich-
ELISA, using a FineTest ELISA Kit manual
instruction's from ~Wuhan Fine Biological
Technology Co.,Ltd. This study was approved by
the Ethical Commitee of the Brawijaya University
Malang.

Statistical analysis

The data are expressed as means + SDs.
All data in 4 groups were compared using one-
way Anova and post hoc test. If the data were not
normally distributed, further Kruskal-Wallis test
was employed. The data in a group at the 8",
24" and 72" hour were compared with same
subject anova when the data distribution was
normal, or Friedman anova if they were not
normally distributed. The data of Zinc level at the
2" and 72™ hours were analyzed with t-test
dependent.
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Results

During study, two rodents were dead
in LPS group at the 8" and 24" hour. In this
study the minimal sample for each group was
5 and duplicated to 10, because there was
blood collection more than 2 times in 24
hours. Sample characteristics between
groups were comparable, as depicted in
Table 1 which shows that there is no
differences in rodents’ weight in 4 groups.

Body weight (g)

Group n Mean sD Minimum  Maximum P
Control 5 22140 6.50 13 229

LPS 5 240.80 10.50 225 253

LPS-Zinc 5 226,60 19.46 208 256 034
Zinc 5 232.80 24.81 201 263

Table 1. Rodents’ body weights in 4 groups
LPS E Coli administration influences

plasma Zinc level

The effects of intravenous LPS E Coli on
Zinc levels are illustrated in Table 2. Giving
intravenous LPS E Coli to the LPS and LPS-Zinc
groups can reduce Zinc levels below normal
levels with normal values of Zinc levels 0.84-1.59
mg / L, though there are no differences between
the four groups. Increased Zinc levels were found
in the LPS, LPS-Zinc, and Zinc groups at the 72"
hour. The increase Zinc levels in the LPS and
LPS-Zinc groups illustrated some fluctuations in
Zinc levels during sepsis condition. While for the
case of Zinc group, it proved that giving Zinc
supplementation for 3 days could increase Zinc
levels. Zinc levels at the 72™ hour of the control
group, LPS, and LPS-Zinc were not significantly
different, which showed fluctuations in Zinc levels
during sepsis.

Plasma Zinc (mgiL)
Group n 2 hours 72 hours P
Cowd 5 {o7gagn sy 0%
PS5 (Ghosn  (osiiay 0%
R
I
p 0.07 0.001*

Table 2. Plasma Zinc at the 2™ and 72" hour
after LPS E coli administration.
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* Significant at «=0.05 (One way Anova)

1 Significant at «=0.05 (Paired t-test / Wilcoxon Signed Rank Test)
** Same superscript in the column revealed no difference between
groups (multiple comparisons LSD)

Zinc supplementation reduces the pro-
inflammatory cytokine

Modeling of sepsis experimental animals
in this study using intravenous injection of LPS E
coli was successful, which was characterized by
an inflammatory response in the form of high
levels of pro-inflammatory cytokines of TNF-a
and IL-6 in the LPS and LPS-Zinc groups
compared to the control group. Zinc
supplementation reduced levels of pro-
inflammatory cytokines of TNF-a and IL-6 in
septic experimental animals, which was seen
from the lower levels of pro-inflammatory
cytokines in the LPS-Zinc group compared to
LPS at the 8™, 24", and 72" hour. TNF cytokine
values -a of the LPS group fluctuated at 8", 24",
and 72" hour. Similar occurrence also happened
in the control group.While the cytokine values of
IL-6 in LPS and LPS-Zinc groups fluctuated at
the 8", 24" and 72" hour, peaking at the 24"
hour and sloping down at the 72™ hour. These
results are illustrated in Tables 3 and 4.

THF-u plasma concentration {pg/mL})
Group n 8" hour 24™ hour 72" hour p
7995 1 204" 8155+ 130" 76351319
Control 5 76558155 (80558405 (71558055 0-02%
122.55 + 11.40° 110,05 + 5.48° 108.05 + 4 87
LPS 5 (11155-136.55)  (106.55- (10155- 0034t
119.05) 114.05)
9275 +125"  9535+217° 9335+ 249
LPS-Zinc 5 (gi55.0455) (9155-9855) (91550655 211
7785+ 415  76.55 £612° 8235+ 4.27°
2 5  (71558155) (71558655) (7655-8655) OO
P 0.000* 0.001* 0.001*

Table 3. TNF-a plasma concentration at 8™, 24",

and 72" hours.

* Significant at «=0.05 (Brown-Forsythe/Kruskal-Wallis)

1 Significant at «=0.05 (Same subject Anova/Anova Friedman)

=bed Game superscript in the column revealed no difference
between groups (multiple comparisons Games-Howell/Mann-
Whitney)

IL-6 plasma concentration (pg/mL)
Group n 8" hour 24" hour 72" hour p
Cokll 9 1'15.?12‘-195; 1{13.531‘-1‘?51{:; 1_15.753;1%03?, Lt
s s AN S SN oom
sz 5 laoe2z5  (aseaty)  (@sezre 0000t
+ " b . a
Zinc 2(-: 21-20 21?T 2{3 :s1-20 ?424] 1("?‘;5-20 12:] 0304
P 0.000* 0.000* 0.001*
Table 4. IL-6 plasma concentration at the 8",

24" and 72" hour.

*Significant at «=0.05 (Brown-Forsythe/Kruskal-Wallis)

1 Significant at «=0.05 (Same subject Anova)

#Pe% game superscript in the column revealed no difference
between groups (multiple comparisons Games-Howell/Mann-
Whitney)

Zinc supplementation increases anti-
inflammatory cytokine

In contrast to pro-inflammatory cytokines,
Zinc increases anti-inflammatory cytokines of IL-
10 and TGFp. There were higher levels of IL-10
and TGF-p in the LPS-Zinc group than in the LPS
group at the 8", 24", and 72™ hour. The IL-10
levels of LPS and LPS-Zinc groups fluctuated at
the highest levels at the 24" hour. TGF-B level of
the LPS group was also fluctuated with the same
pattern, while the TGF-p level of the LPS-Zinc
group found a different pattern, namely there was
a gradual increase from the 8" to the 72" hour.

IL-10 plasma concentration (pg/mL})
Group n 8™ hour 24™ hour 72™ hour p
Control 5 1(%25—1?3%;1; 1(13.;1{1[:.'4%8; 1(13_33{104215; o.or
s LU SRIE . G oom
e s BSOS SISO BT oom
e s ilteien  (es2ey  Geiien 0%
P 0.000* 0.000* 0.000%

Table 5. IL-10 plasma concentration at 8", 24",

and 72™ hours

*  Significant at «=0.05 (Brown-Forsythe/Kruskal-Wallis)

1 Significant at «=0.05 (Same subject Anova)

#5854 Same superscript in the column revealed no difference
between groups (multiple comparisons Games-Howell/Mann-
Whitney)

TGF-f plasma concentration (pg/mL)
Group n 8" hour 24™ hour 72™ hour ]
0.80 + 0.03" 0.85 + 0.77 £ 0.03*
(0.76-0.84) 0.08* (0.74-0.83)
Control 5 (0.76- 0.08
0.92)
1.75 + 0.09° 202 + 1988 + 0.29°
(1.64-1.87) 0.38° (1.60-2.39)
LPS 5 (1.68- 035
2.59)
259 + 0.24° 395 + 474 + 0.25"
a
LPS-Zinc 5 (2,37-2.97) 02T (4.40-4.98) 0.000f
(3.73-
4.42)
173 +017 165 + 1.37 £ 0.16°
(1.57-1.97) 0.20° (1.21-1.55)
Zinc (1.48- 005
1.90)
p 0.000 0.000* 0.000*

Table 6. TGF-p plasma concentration at the 8",
24" and 72" hour

* Significant at «=0.05 (Brown-Forsythe/Oneway Anova)

1 SLgniﬂcant at u=0.05 (Same subject Anova)

20ef5ame superscript in yhr column revealed no difference
between groups (multiple comparisons Games-Howell/LSD)
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Discussion

This study showed some improvements in
sepsis in terms of decreased inflammatory
response in the form of decreasing pro-
inflammatory cytokines (IL-6 and TNF-a) and
increasing anti-inflammatory cytokines (IL-10 and
TGF-B). This study is different from previous
studies for rodent which were given Zinc before
being induced to sepsis by CLP. In the previous
study, similar results were obtained in the form of
a decrease in pro-inflammatory cytokines of IL-6
and IL-1B." In this study, sepsis was modeled in
experimental animals by administering
intravenous LPS E. Coli. The use of intra-venous
LPS E Coli as a sepsis experiment in animal
model was similarly used in previous studies,
resulting in the increase of pro-inflammatory
cytokines.'®'® The successful use of LPS E coli
for the inflammatory reaction caused by sepsis in
animal models in this study was demonstrated by
an increase in pro-inflammatory cytokines (TNF-
a and IL-6) and anti-inflammatory cytokines (IL-
10 and TGF-B). An increase in pro-inflammatory
cytokines (TNF-a and IL-6) and anti-inflammatory
cytokines (IL-10 and TGF-) are associated with
the worsening or progression of sepsis."”
Increasing pro-inflammatory cytokine TNF-a and
IL-6 are also occured in local infection such as
periodontitis.

The decrease in plasma Zinc level in two
hours after the administration of LPS E coliin the
LPS and LPS-Zinc groups in this study was not
as large as the decrease in plasma Zinc levels in
sepsis and critical conditions in the previous
study (45-48 pg / dL).57 In this study, the mean
Zinc level in the LPS group was 0.62 mg/L or 62
ug /dL and the mean LPS-Zinc group’s Zinc level
was 0.75 mg /L or 75 pg/dL which was included
in Zinc deficiency criteria according to the
normal Zinc levels of 84 - 159 pg / dL."® While in
the control and Zinc groups, there were normal
Zinc levels, though there were no differences
with the LPS and LPS-Zinc groups. For this
study, symptoms of sepsis might be triggered by
intravenous LPS E coli and did not cause severe
sepsis symptoms. Low Zinc levels in sepsis,
which were found in patients with severe and
critical sepsis in children and adults, were
associated with mortality.>”  Blood's low Zinc
levels in sepsis are caused by the influence of
pro-inflammatory cytokines (namely IL1p and IL-
6) which activate STAT mediated signals and
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upregulation of ZIP14 and ZIP 6; then, they also
trigger intracellular blood Zinc influx (20). Low
Zinc levels and increase in cytokines of IL-6, IL-8,
IL-1 TN, and TNF-a occur more frequently in
sepsis, compared to healthy individuals.®

Increased levels of TNF-a are found in sepsis
and associated with shock, coagulopathy, death,
and survival. TNF-a is also used as a sepsis
diagnosis and evaluation of therapy in sepsis.”
TNF-a has an important role in inflammation.
Moreover, rhTNF's administration in experimental
animals can cause symptoms of hypotension,
metabolic acidosis, massive pulmonary
hemorrhage, acute tubular necrosis in kidney,
and gastrointestinal bleeding lesions.>'?*> TNF-a
levels in experimental animals injected with LPS
E coli and oral Zinc administration was lower
than the experimental group injected with LPS E
coli and given placebo in this study. The
decrease in TNF-a in the group given Zinc was
also found in previous studies, such as in cases
of diarrhea in children,® sepsis in rodents as
animal madel,’ sickle-cell disease, and
incidence of infection among elderly.

Increase in IL-6 occurs in SIRS conditions
associated with infection and mortality.25%
Increase in IL-6 in severe sepsis causes an
increase in capillary leak and a decrease in
intestinal contractions.?®*® The administration of
Zinc in this study reduced IL-6 level in
experimental animal groups which were injected
with intravenous LPS E coli and Zinc, compared
to the experimental group which was only
injected with LPS E coli.

IL-10 and TGF-f are anti-inflammatory
cytokines secreted by Treg. Previous study
showed that giving Zinc to healthy people for 10
days can induce Treg.** IL-10, which was
secreted by Treg, inhibits Th1, so pro-
inflammatory cytokines from Th1 are reduced.”
In this study, an increase in IL-10 in the LPS-Zinc
group was higher than the LPS group. It
indicated that Zinc's effect on the increase in IL-
10 cytokines already occurred at the 8" hour. In
the previous study, there was an increase after
10 days of Zinc administration, because no
analysis was performed at an earlier hour.®
Increased TGF-p secretion, which is an anti-
inflammatory cytokine secreted by Treg, occurs
in the LPS-Zinc group compared to the LPS
group. Giving Zinc can increase TGF-p1,
elevation of intestinal villi, and ratio villi crypt in
the intestine, so that it can improve intestinal
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permeability.** TGF-B can inhibit TNF-a cytokines

through translated inhibition of TNF mRNA.*
The typical decreased vertical facial

height of this patient resulted from the congenital.

Conclusions

Administration of Zinc
improve sepsis condition through cytokine
regulation in the form of decreased pro-
inflammatory cytokines (TNF-a and IL-6) and
increased anti-inflammatory cytokines (IL-10 and
TGF-B).

in sepsis can
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