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Zinc supplementation in normal conditions increases the
pro-inflammatory cytokines

Martono T. Utomo'*, Subijanto M. Sudarmo', Ketut Sudiana’

ABSTRACT

Zinc supplementation in young adults has been found to increase dose-dependent pro-inflammatory cytokines. Increased pro-
inflammatory cytokine has been found in severe sepsis and shock conditions. To determine the effect of zinc administration
on normal conditions on pro-inflammatory cytokines compared to sepsis and normal conditions. A total sample of 40 rats
was randomized into four control groups, lipopolysaccharide (LPS), LPS-zinc, and zine. Placebo normal saline was given
intravenously to the control and zinc groups, whereas in the LPS and LPS-zinc groups, intravenous Escherichia coli LPS
was given. Blood collection was carried out at the 2* hafier administration to measure zinc levels, and an oral distilled water
placebo was given to the control group and LPS, while the LPS-zinc and zinc groups were given zinc supplementation orally
for 3 days. At 8, 24, and 72 h, blood was collected to measure tumor necrosis factor-alpha (TNF-u) and nterleukin-6 (IL-6)
levels. At the 72™ h, blood was also taken to measure zine levels. Examination of TNF-u and IL-6 levels used the enzyme-
linked immunosorbent assay Sandwich technique, while zinc levels used atomic absorption spectroscopy. The TNF-u level
in the zinc group at 72™ h was higher than the control group, while the zinc group’s IL-6 level was higher than the control
group at 8" and 24" h. The levels of TNF-a and IL-6 in the zinc group were lower than LPS and LPS-zinc groups. Zinc
supplementation under normal conditions increases the cytokines of TNF-u and 1L-6.
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INTRODUCTION The pro-inflammatory effects of zinc are mediated
through tyrosine phosphorylation and induction of
protein kinase C. Tyrosine phosphorylation is used
for signal induction of toll-like receptor (TLR)-4

by LPSs. Tyrosine phosphorylation is performed by

Zinc  supplementation has been used as an
additional therapy for certain conditions, namely,

sepsis, diarrhea, and pneumonia, often resulting

in a decrease in the incidence and mortality rate
of these diseases.'”! Zinc supplementation has
been used several conditions, such as sepsis,
malnutrition, diarrhea, sickle cell disease, and in
the elderly.*® Zinc supplementation in sickle cell
patients can reduce levels of tumor necrosis factor-
alpha (TNF-a); in the elderly, a decrease in TNF-a,
oxidative stress, and increased interleukin-2 (IL-
2) were seen*” Further, zinc supplementation in
healthy older subjects can increase immune reactions
to invading pathogens. Mild zinc deficiencies can be
found in the elderly.! In healthy young subjects,
zinc supplementation can increase the expression of
TNF-a and IL-1b when monocytes of subjects are
exposed to lipopolysaccharides (LPSs)."!
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protein tyrosine kinase (PTK) and is degraded by
protein tyrosine phosphatase (PTP); zinc is a potent
inhibitor of PTP."! Zinc also has the direct effect of
stimulating monocytes to secrete IL-1, IL-6, TNF-a,
and interferon gamma (IFN-y) %!

TNF-o.andTL-6 are pro-inflammatory cytokines that can
distinguish survivers and non-survivors at 28 days and as
predictors of shock sepsis, MOF and DIC.' Increased
IL-6 in severe sepsis caused increased capillary leakage
and decreased intestinal contraction.!*'*) TNF-g has an
essential role in inflammation, and administration of
recombinant human (rh-TNF) in experimental animals
can cause symptoms of hypotension, metabolic acidosis,
massive pulmonary bleeding, acute tubular necrosis in
the kidneys, and gastrointestinal bleeding lesions.!'*']

Zinc  supplementation in  sepsis  induced by
intravenous Escherichia coli LPSs can reduce levels
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of pro-inflammatory cytokines TNF-a and IL-6,
improving the condition of sepsis in the sepsis group
given zinc.'""! Zinc administration in healthy young
adults can increase pro-inflammatory cytokine in a
dose-dependent manner.!'” The purpose of this study
was to examine the effect of zinc supplementation in
normal subjects on proinflammatory cytokine levels.

MATERIALS AND METHODS

Preparation of Animal Study

This study was given ethical clearance, number
700-KEP-UB. This study used 40 Dawley Sprague
rats aged 10—12 weeks, which were acclimatized for
2 weeks at the University of Brawijaya Bioscience
Institute before being used as experimental animals.
Rats were kept in a wire-covered, ventilated plastic
enclosure, on a 12-h bright lighting/12 h dark cycle
and equipped with a place to eat and drink. The rats
were fed standard pellets and drank water ad libitum,
and husk bedding was replaced every 2 days. Before
treatments, the rats were allocated randomly to four
groups, namely, control, LPS, LPS-zinc, and zinc,
with ten animals each. The same method was also
used in a previous study.!'®!

Provision of LPS E. coli serotype O11: B4 Sigma at
a dose of 10 mg/kg intravenously was done using a
500 mg preparation; 100 mg of the preparation was
diluted with 10 mL distilled water and injected into
rats in the LPS and LPS zinc groups in 0.2 mL doses.
The control group and zinc group were given normal
saline 0.2 mL intravenously. To facilitate intravenous
injection, a 0.1 mL intramuscular ketamine injection
was given. A fter 2 h, blood from five rats was collected
to measure the zinc serum concentration, using the
measuring technique described below.

Oral administration of zinc was done by mixing 1 mL
of 10 mg/mL of zinc sulfate and 9 mL distilled water
to make the content of 1 mg/mL. Zinc was given at a
dose of 2 mg/kg body weight (which is comparable
with 4.65 mg/kg BB rats through the sonde in the
1 mL LPS zinc and zine group) while the control
group and LPS were given 1 mL distilled water. At the
8" h postadministration, blood was collected, and the
level of TNF-o and IL-6 was measured using enzyme-
linked immunosorbent assay (ELISA) as described
below. The previous steps were done again after 24 h
and 48 h. At the 48" h, blood was collected to measure
the zinc, TNF-a, and IL-6 levels.

Serum Collection

As noted above, at 2 h, 2 mL of blood was withdrawn
through the tail veins of the rats in the first five rats
in each group to check the zinc levels. Ath 8 and h
24, 2 mL of blood was withdrawn in the same manner
in the second five rats of each group to check the

TNF-a and IL-6 cytokine levels. The groups were
split to avoid shock conditions in the animal from
too-frequent blood withdrawals. At the end of the
experiment (72 h), blood was taken from the heart and
the aorta after the rats were killed and check for zinc,
TNF-o IL-6 levels.

The withdrawn blood was inserted in the tube without
EDTA and then centrifuged 6,000 x g for 10 min. The
serum was removed and left at 25°C in 30 min then
stored in the freezer at —20°C.

Serum Zine Level

Zinc content was examined by atomic absorption
spectrophotometry (AAS) by Smith ef al. For AAS,
1000 mg of zinc per liter standard were made: 10 mL
of nitric acid was diluted to 50 mL, into which 1.000 g
of zinc metal was added and dissolved and further
diluted to 100 mL. (b) Working standards, 100, 200,
300, and 400 pg of zinc per liter were prepared: 1 mL
of 1000 mg/L zin¢ standard were added into a 100-mL
volumetric flask and diluted to volume with a glycerol/
water solution (5/95 by vol), and mixed by inverting at
least 16 times. Aliquots of this common stock (1, 2, 3,
and 4 mL) were placed into four 100-mL volumetric
flasks and dilute to volume with the glycerol/water
mixture. The standards (0.1, 0.2, 0.3, and 0.4 mg of
zinc per liter) correspond to apparent plasma zinc
concentrations of 500, 1000, 1500, and 2000 pg of
zinc per liter. A working curve was prepared daily
from fresh standards, and the concentration of zinc in
the plasma was calculated directly from the curve.

To determine serum zinc levels, 2 mL of whole blood
was collected in a tube by cutting the tip of the rat
tail. Two drops (=50 pL) of a 300 g/L sodium citrate
solution were added to the tube before collecting the
specimen of blood. The blood was centrifuged promptly
at 6000 x g for 10 min. A total of 0.5 mL of plasma
sample was delivered with a serological pipelte into
a 16 mm plastic test tube. Next, 2.0 mL of de-ionized
water was added and immediately mixed into the
solution for 30 s. The zinc levels were then read with the
spectrophotometry to compare with the standard.

Cytokine Analysis

Pro-inflammatory cytokine concentrations of TNF-u
and IL-6 were carried out by the sandwich-ELISA
method by the manuals of the FineTest ELISA Manual
Kit Kit instruction from Wuhan Fine Biological
Technology Co., Ltd. The ELISA kit of Rat IL-6 code
ER0042 size 96 T batch R0042C046 and Rat TNF-a
ELISA Kit code ER1393 size 96 T batch R1393C064
were used in this study.

Assay procedure
Before adding reagents into wells, TMB substrate was
equilibrated for 30 min at 37°C. Standard, test sample
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and control (zero) wells were set on the pre-coated
plate with antibody anti-TNF-o and IL-6 respectively,
and then, their positions recorded. Each standard and
sample was measured in duplicate. The plate was
washed 2 times before adding standard, sample, and
control (zero) wells. Next, 0.1 ml of 1000, 500, 250,
125, 62.5,31.25, and 15.625 pg/mL standard solutions
were added into the standard wells. Then, 0.1 ml of
Sample/Standard Dilution Buffer was added into the
control (zero) well. Finally, 0.1 ml of properly diluted
rat serum was added to the test sample wells. The
plate was sealed with a cover and incubated at 37°C
for 90 min. The cover was removed and the plate
contents discarded, and the plate was washed 2 times
with wash buffer.

Next, 0.1 ml biotin-labeled antibody working solution
was loaded into the standard, test sample, and zero
wells. The solution was added to the bottom of each
well without touching the sidewalls. The plate was
sealed with a cover and incubated at 37°C for 60 min.
The cover was removed, and the plate washed plate
3 times with wash buffer, with the buffer allowed to
stay in the wells for 1 min each time. A total of 0.1 ml
of SABC working solution was added into each well;
then, the plate was covered and incubated at 37°C
for 30 min. The plate was washed 5 times with wash
buffer, and the wash buffer allowed to stay in the wells
for 1-2 min each time.

A total of 90 pl TMB substrate was added into each
well, the plate covered and incubated at 37°C in the

§

group
Emos Bars: 42 5D

Figure 1: Mean body weights of the treatment groups

Table 1: Mean rat body weights in the four treatment groups

dark for 15-30 min. It will turn blue in the first 3—4
wells. Next, 50 pl stop solution was added into each
well and mixed thoroughly. The color changed to
yellow immediately. The O. D. absorbance at 450 nm
in a microplate reader was read immediately after
adding the stop solution. The relative O. D. at 450 nm
was calculated as the O. D. 450 nm of each well — the
0. D. 450 nm of the zero well. The standard curve can
be plotted as the relative O. D. 450 nm of each standard
solution (Y) wversus the particular concentration
of the standard solution (X). The TNF-a and IL-6
concentration of the samples can be interpolated from
the standard curve.

Statistical Analysis

Data are presented as mean + standard deviation. One-
way ANOVA analyzed data in the four groups and post
hoc tests if the distribution was normal; whereas if the
data were not normal then the Kruskal-Wallis test
was used. Data at 8", 24™ and 72™ h were analyzed
by ANOVA if normally distributed and the Friedman
test if not normally distributed. The t-dependent test
analyzed zinc level data at 2 and 72 h. SPSS v. 21 were
used for the analyses.

RESULTS

In this study, each group of samples contained five rats
and was done in duplicate to obtain enough blood for
the analyses. The 2-h samples reflected the condition of
zince serum after LPS and placebo administration; the 8-h
samplesshowed the effect of zincon the pro-inflammatory
cytokine levels. These groups are comparable, as Table 1

shows that there were no differences in the body weight
of the rats in the four groups.

The 3-day zinc supplementation significantly increased
zine serum levels in the zinc group. From Table 2 and
Figure 2, the results showed that zinc levels at h 2
were not different between the four groups, but found
an increase in zinc level at h 72 compared to the 2°¢ h
in the LPS, LPS-zine, and zinc groups. At h 72, zinc
levels in the zine group were significantly increased
compared to the other three groups, which showed
that administering zinc for 3 days was able to increase
substantially zinc levels.

Table 3 and Figure 3 show that in the zinc group and
the control there was no difference of TNF-a level at

Group n Body weight (g) P
Mean£SD Minimum Maximum

Control 5 221 4046.50 213 229 0.336

LPS 5 240.80+10.50 225 253

LPS-Zinc 5 226.60+19.46 208 256

Zinc 5 232802481 201 263

SD: Standard deviation, LPS: Lipopolysaccharide

g
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the &" and 24® h, whereas at the 72* h there was a
difference in the levels of TNF-a, which were higher
in the zinc group compared to the controls, but the
levels were still lower than in the LPS group and LPS-
zine.

IL-6 levels in the zinc group were higher than the
control group at 8" and 24" h, but lower than the LPS
and LPS-zinc groups. At 72 h, the IL-6 level in the

: —— Control
< s e
E . =P
v 1 - - = PS-Zinc
~ i - ) Zinc

=
Hour-2 hour-72
Time of obsenvation

Figure2: Serum zinc levels ath 2and 72 after administration.
*Significant at a = 0.05; **Same letters in same hour showed
no difference between groups (multiple comparisons least
significant difference); **Significant at a = 0.05 (Paired
t-test/Wilcoxon signed-rank test)

™28 b

T2 24 o T2 72 howr
Esror Bars. 5% CI

Figure 3: Tumor necrosis factor-alpha levels in treatments
after 8, 24, and 72 h. *Significant at « = 0,05; **/Same
letters in the same hour revealed no difference between
groups (multiple comparisons Games-Howell/Mann—
Whitney)

zinc group did not differ significantly from the control
group. This showed the effect of zinc administration
in normal conditions, in that there was an increase in
levels of IL-6 cytokines at 8 and 24 h, but the effect
disappeared at 72 h.

DISCUSSION

Zinc supplementation for 3 days canincrease zinc levels
inrats previously given adiet thatis deficient in zinc."!
Increased plasma zinc levels were also seen in other
studies but with a longer duration of administration
of 2-4 months.* ' ZnT lowers intracellular zinc
by efflux from cells or influx to intracellular vesicles
so that extracellular or plasma levels increase, while
Zrt-and Irt-like protein (ZIP) promotes zinc transport
from extracellular fluid or intracellular vesicles to
the cytoplasm so that cytoplasmic levels increase.
ZnT1 messenger RNA (mRNA) levels in leukocytes
increased significantly after Zn supplementation,
resulting in an increase in serum zine because ZnT
promotes cell efflux from cells to extracellular or to
blood circulation.”"! Zinc can stimulate monocytes
directly to secrete TNF-a.”! Zinc exposure of =100
uM in monocyte cells can increase levels of TNF-q.1!

Pro-inflammatory cytokine levels of TNF-a in the zinc
group were higher than the control group at 72 hwhile
IL-6 cytokines in the zinc group were higher than
controls at 8" and 24™ h, whereas at 72" h there were
no differences between controls and zinc group for
IL-6 levels. TNF-u levels and IL-6 zinc groups were
lower than the LPS and LPS-zinc groups.

In this study, zinc administration under normal
conditions couldincrease the levels of proinflammatory
cytokines TNF-a and IL-6. TNF-o has an essential
role in inflammation and administration of rh-TNF
in experimental animals can cause symptoms of
hypotension, metabolic acidosis, massive pulmonary
bleeding, acute tubular necrosis in the kidneys,
and gastrointestinal bleeding lesions.['*"!  Zinc
supplementation can increase TNF-a levels. In a study
conducted by Chu ef al. in type 2 diabetes mellitus
patients, it was found that TNF-o mRNA increased.*"]
The same thing was also found in the study conducted
by Meksawan ef al., ie., an increase in TNF-u in
monocyte and lymphocyte transmembrane, which was

Table 2: Plasma zinc levels at 2 h and 72 h after Escherichia coli lipopolysaccharide administration

Group n Plasma zinc (mg/L) P
2h 72h

Control 5 0.87+0.09 (0.75-0.97) 0.91£0.22* (0.57-1.19) 0.670

LPS 5 0.62+0.21 (0.42-0.97) 1.1420.24 (0.94-1.54) 0.039%*

LPS-Zinc 5 0.75+0.06 (0.71-0.86) 0.99+0.07+(0.94-1.11) 0.043%*

Zinc 5 0.87+0.18 (0.62-1.12) 1.49+0.17" (1.33-1.74) 0.001%*

P 0.073 0.001*

*Significant at a=0.05, **Significantat a=0.05 (paired r-test/Wilcoxon Signed-rank test), **Same superscript in one column showed no difference between
groups (multiple comparisons LSD). LPS: Lipopolysaccharide, LSD: Least significant difference

Drug Invention Today | Vol 11 » Issue 8

AQ2

AQ7




AQ4

AQS

AQ4

AQ3

Martono T. Utomo, ef al.

Table 3: Tumor necrosis factor-g plasma concentration at 8, 24, and 72 h

Group n TNF-a plasma concentration (pg/mL) P
8h 24h 72h

Control 5 79.95£2.04 (76.55-81.55) 81.55+1.30¢ (80.55-84.05) 76.35+3.19* (71.55-80.55) 0.029%*

LPS 5 122.55+11.40¢ 110.05+5.48 108.05+4.874 0.034%*
(111.55-136.55) (106.55-119.05) (101.55-114.05)

LPS-Zinc 5 92.75+1.25" (91.55-94.55)  95.35+2.17"(91.55-96.55) 93.35+2.49 (91.55-96.55) 0.211

Zinc 5 77.85+4.15* (71.55-81.55) 76.5546.12* (71.55-86.55) 82.35+4.27" (76.55-86.55) 0.101

P 0.000* 0.001* 0.001*

*Significant at a=0.05 (Brown-Forsythe/Kruskal-Wallis), **Significant at a=0.03 (same-subject ANOVA/ANOVA Friedman), **=*Same superscript in a
column revealed no difference between groups (multiple comparisons Games-HowellMann-Whitmey). TNF: Tumor necrosis factor, LPS: Lipopolysaccharide

Table 4: Interleukin-6 plasma concentration at 8, 24, and 72 h

Group n IL-6 plasma concentration (pg/mL) P
8h 24 h 72h

Control 5 1.58+H0.09° (1.42-1.64) 1.39+0.11° (1.31-1.55) 1.57+0.05% (1.53-1.63) 0.091

LPS 5 4.9120.40° (4.25-5.21) 5.57+0.16% (5.54-5.93) 3.39+0.38¢ (3.09-4.05) 0.000%*

LPS-Zinc 5 2.15+0.09"(2.06-2.25) 3.8320.19< (3.64-4.11) 2.51+0.15" (2.34-2.74) 0.000%*

Zinc 5 2.10£0.17"(1.91-2.27) 221044 (1.81-2.72) 1.84+0.26° (1.55-2.14) 0.304

P 0.000* 0.000* 0.001*

*Significant at a=0.05 (Brown-Forsythe/Kruskal-Wallis), **Significant at a=0.05 (Same subject ANOVA), **=*Same superscript in a column revealed no
difference between groups (multiple comparisons Games-Howell/ Mann-Whimey). IL: Interleukin, LPS: Lipopolysaccharide

group.
]
Les
LS In
n

L4 0 o

L4 24 o L T2 o
Emor Bars: 95% CI

Figure 4: Interleukin-6 levels in treatments at 8, 24, and
72 h. *Significant at « = 0.05; **=‘Same letters in the same
hour revealed no difference between groups (multiple
comparisons Games-Howell/Mann-Whitney)

useful as an immune response to cancer, but plasma
TNF-a did not increase.” Zinc supplementation
can increase NFkb activation through tyrosine
phosphorylation and induction of protein kinase C.
Tyrosine phosphorylation is used for signal induction
of TLR-4 by LPSs. Tyrosine phosphorylation is
performed by PTK and is degraded by PTP, and zinc
is a potent inhibitor of PTP.P! Activation of NFkB after
administration of zinc then downstream inflammatory
mediators TNF-a, IL-6, IL-1b, and I1L-8.2!

The increase in the IL-6 levels of the zinc group in
this study occurred at the 72" h. Increased IL-6 can
determine SIRS due to infection and is associated
with mortality.?**™ IL-6 increases also occur in severe
sepsis and cause an increase in the capillary leak

g
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and decrease in intestinal contractions.*** In this
study, there was an increase in IL-6 in the zinc group
compared to controls, but it was still lower than the
LPS and LPS-zinc groups so that severe symptoms
also did not appear. This is by previous studies that
showed an increase in IL-6 in monocyte cell groups
exposed to 100 uM zine content and above, whereas
30 uM zine exposure did not increase [L-6.1%]

Low zinc levels and increased IL-6, IL-8, [L-1g, and
TNF-a cytokines occur in sepsis compared to healthy
individuals.”™! Low plasma zinc levels in sepsis
are caused by the influence of pro-inflammatory
cytokines including IL-1g and IL-6, which activate
STAT-mediated signals and upregulation of ZIP14
and ZIP6, which trigger plasma zinc influx into the
intracellular.*'1

LPS enters the system and then is recognized by
TLR4 of monocytes and is transmitted through signal
transduction, which activates nuclear factor kappa B
(NFxB). Activated NFxB induces the expression of
cytokines IL-6,"" IL-8,** and TNF-0.”*! LPS is bound
by LPS-binding protein which is captured by TLR-4 on
cell membranes than through signal MyD88, IRAKSs,
and recruitment of adaptors TRAF6 then recruits TKK
complex lead to phosphorylation and degradation of kB
inhibitors. NFkB is active and translocated to the nucleus
to activate the pro-inflammatory cytokine gene.**!

In a review conducted by Foster and Samman of
several studies, it was found that zinc supplementation
in normal adult conditions for 8 weeks increased IL-2,
TNF-a, and IFN-g whereas in elderly it was found that
zinc supplementation for 48 days increased plasma
IL-6 levels.I'™]
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CONCLUSION

Zinc supplementation under normal conditions

increases proinflammatory cytokines TNF-o and
IL-6, so it needs caution and needs to monitor

clinically for zinc supplementation under normal
circumstances. From this study, we suggested that
zine supplementation in normal condition should
be used by cautions because it can increase the pro-
inflammatory cytokine.
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