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Curcumin effects in inducing mRNA gene cathelidicin antimicrobial peptide
in Balb/c mice infected with Salmonella typhi
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effect that can induce the expression of the mRNA Cathelidicin
Antimicrobial Peptide (CAMP) gene and eradicate bacteria.
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Typhoid fever is characterized by a prolonged heat wave, fol-
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Typhoid fever occurs worldwide, but it especially does in devel-
Received for publication: 4 March 2020. oping countries with poor sanitation. The incidence of typhoid
Accepted for publication: 18 July 2020. fever is high (>100 cases per 10,000 population per year) in

Central Asia, South Asia, Southeast Asia, Africa, Latin America,
and Oceania (except for Australia and New Zealand), which is in
contrast to the comparatively low rates (<10 cases per 10,000 pop-
ulation per year) seen in the rest of the world.2? Each year typhoid
fever affects 21.6 million people (3.6/1,000 population) with a
mortality rate of 200,000/year. Eighty percent of cases of typhoid
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strains of Salmonella typhi resistant to chloramphenicol, ampi-
cillin, and trimethoprin are known as MDR (Multiple Drug
Resistant) Salmonella typhi, which first occurred in 1974.%7 To
date, Salmonella typhi is also widely reported to be resistant to sec-
ond-line therapy such as third-generation cephalosporin and
quinolone class antibiotics.®!" Such drug resistance is a serious
threat, particularly in regions with limited resources, because it
requires fairly expensive replacement treatment for typhoid fever.
Serious effort is required by the medical community to get correct
diagnoses, in which case treatment or vaccination can be used to
control the spread of drug resistance for typhoid.!2

Curcumin has anti-inflammatory and anti-microbial properties.
It can induce the expression of Cathelicidin Antimicrobial Peptide
(CAMP) and eradicate bacteria. Additionally, curcumin can
enhance the mRNA expression of CAMP so as to increase the lev-
els of cathelicidin in the network.!3 Cathelicidin is a type of antimi-
crobial peptide.!* It is a small molecular peptide (consisting of 12—
100 amino acids) which has broad-spectrum antimicorbial activity
and is estimated to have a function in the natural immune system
as the first defense against microorganisms.'3

Given the high morbidity of typhoid fever, a growing number
of occurrences of relapse, and resistance in Salmonella typhi bac-
teria, attempts to combine the antimicrobial agent and herbal reme-
dies have gained much interest. The objective of this work was to
analyze mRNA CAMP gene expression following administration
of curcumin in mice infected with Salmonella typhi.

Materials and Methods

An experimental design was used to study the effectiveness of
curcumin in inducing mRNA gene CAMP and suppressing the
growth of Salmonella typhi strain in BALB/c mice.

Curcumin

Curcumin was purchased from Merck (curcumin for synthesis,
with chemical formula [4-(OH)-3-(CH;0)CH;CH=CHCO].CH,
also known as 1,7-Bis(4-hydroxy-3-Methoxyphenyl)-1,6-heptadi-
ene-3,5-dione, turmeric yellow, and diferuloylmethane).

Experimental animals and treatment

Twenty-five BALB/c adult male mice (aged 8-12 weeks,
weighing 30-40 grams) were kept in the Molecular Biology and
Immunology Laboratory, Microbiology Department, Faculty of
Medicine, Hasanuddin University (Makassar, Indonesia), and
randomly allocated to five treatment groups of equal size. All
groups were intraperitoneally induced with Salmonella typhi
strain thy1 (3 mlx103 CFU/mL). The five treatment groups were
as follows: curcumin dose of 200 mg/kg (CM200), curcumin
dose of 400 mg/kg (CM400), curcumin dose of 200 mg/kg plus
vitamin D (CM200+vit D), positive control (antibiotic lev-
ofloxacin dose of 1.95 mg/kg), and negative control (placebo).
Curcumin doses were dissolved in distilled water and given
through nasogastric tube once a day for five days. Levofloxacin
was obtained from Indonesian pharmacy Kimia Farma. The 750
mg of levofloxacin dose given to mice was obtained from multi-
plication with a conversion factor of 0.0026. Based on the result,
the positive control group was given a 1.95 mg/day levofloxacin
dose dissolved in distilled water through the nasogastric tube
once a day for five days. Vitamin D was purchased from Merck.
The 200 IU/day dose of vitamin D given to mice was obtained
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from multiplication with a conversion factor of 0.0026. Based on
the result, mice was given a dose of 0.52 IU of vitamin D/day for
five days. Vitamin D was dissolved in distilled water and given
through the nasogastric tube.

Sampling of peritoneal fluid and bacterial colony
examination

All mice were induced with intraperitoneal Salmonella typhi
strain thy1l (3 mLx10% CFU/mL). For counting the bacterial colony,
sampling was taken from the peritoneal fluid. Mice were fixed in the
supine position, the abdomen was cleaned with 70% alcohol, and
0.8-1 mL of saline was injected into the peritoneal cavity. This pro-
cedure was used to help collect fluid from the peritoneal cavity. Mice
were then allowed to stand for 1 minute and then rocked slowly.
Then, using a syringe, the fluid was aspirated from the peritoneal
cavity in the supine position to as much as 0.5 mL.

Bacterial colonization was examined using the pour plate
method by diluting the peritoneal fluid samples of 0.5 mL in 4.5
mL of saline (0.9% NaCl). Dilution was done three times to pre-
vent too dense cultures interfering with the observations.
Approximately 1 mL of the suspension was poured into a sterile
Petri dish, then a fertilizer medium (nutrient agar) was poured at
45°C. It was then sealed and incubated for 1-2 days at 37°C. The
number of colonies counted is expressed by colony forming unit
per mL (CFU/mL). A dilution factor of 10-3 was used in calculating
the estimated number of bacterial colony.

Nucleic acid extraction

Nucleic acid was extracted according to the protocol of a previ-
ous study,'® with lysing, binding, and washing being the three main
steps. One hundred pL of blood sample was dissolved into L6 solu-
tion, which was developed from 120 g of guanidiunthyocianate in
100 mL of 0.1 M Tris-HCl at pH 6.4, 22 mL of EDTA at pH 8.0, and
2.6 g of Triton X-100. After the lysing process the nucleic acid was
bound to celite in 50 mL of H,O and 500 uL of 32% (w/v). The solu-
tion then was vortexed and centrifuged in a 1.5 mL Eppendorf tube
at 13,000 rpm for 15 sec. The supernatant was discarded, and the
sediment left then was washed with 1 mL of L2 solution (guanidi-
umthyocianate and Tris-HCI at pH 6.4). The mixture then was vor-
texed and centrifuged at 13,000 rpm for 15 sec. This washing
process was repeated twice and continued with 1 mL of 70% ethanol
twice, and the last with 1 mL of acetone. The result was then incu-
bated in a water-bath at 56°C for 10 minutes. After incubation the
sample was added with 60 puL of TE solution (ImM EDTA in 10
mMTris-HCI at pH 8.0), then vortexed and centrifuged at 13,000
rpm for 2 min and incubated in an oven for 10 minutes at 56°C.
Following the incubation, the sample was again vortexed and cen-
trifuged at 13,000 rpm for 30 sec. The supernatant of this process
was obtained and stored at —80°C before RNA analysis.

Analysis of the CAMP Gene

mRNA CAMP expression was analyzed with Real Time-
Quantitative Reverse Transcription Polymerase Chain Reaction
(qRT-PCR) using SYBR Green qRT-PCR Supermix (Bio-Rad,
USA) and read using RT-PCR machine (BR004129USA, Bio-
Rad Laboratories, USA). The following forward and reverse
primers were used for CAMP respectively: GCCGCT-
GATTCTTTGACAT and GCCAAGGCAGGCCTACTACT. The
GAPDH gene, as housekeeping gene, forward primer was GAC-
CACAGTCCATGCCATCA, and the reverse primer was CAT-
CACGCCACAGTTCC.

cDNA templates for use in real time PCR were synthesized
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from 5 pg of total RNA by in vitro transcription in 20 pL reaction
containing 0.5 pg of oligo (dT), 10 uM of dNTPs, and 1 pL of
Superscript II Reverse Transcriptase (Invitrogen, Carlsbad, CA) at
42°C for 50 min. Typical real-time PCR reaction mixture included
the same amount of cDNA templates from RT, 10 pmol of each
primer, 25 puL of iQ SYBR Green Supermix, and sterile water in a
reaction volume of 50 pL. The PCR conditions were as follows: 3
min at 95°C followed by 40 cycles at 95°C for 30 sec, 55°C for 30
sec, and 68°C for 1 min. Relative CAMP gene expression levels
were calculated by subtracting the threshold cycle number (Ct) of
the GAPDH gene from the Ct of CAMP and raising 2 to the power
of this difference. Ct values are defined as the number of PCR
cycles at which the fluorescent signal during the PCR reaches a
fixed threshold.

Statistical analysis

One-way analysis of variance (one way-ANOVA) was used to
test for mean differences in age, body weight, and level of mRNA
CAMP gene expression among the five groups for the baseline
characteristics. This test was also used to assess mean differences
for levels of mRNA CAMP gene expression and bacterial colony
counts among the five groups at each time of observation. One-
way ANOVA test was followed by a Least Significant Difference
(LSD) post-hoc test to identify which particular differences
between groups’ means were significant. A p-value of <0.05 was
considered to be of statistical significance. The data obtained was
processed using SPSS 23 (IBM Coorporation, New York, USA) for
Macbook.

Ethics approval

This study was approved by the Health Medical Research
Ethics Committee at the Faculty of Medicine, Hasanuddin
University (Makassar, Indonesia), with registration number
901/H4.8.4.5.31/PP36-KOMETIK/2018 on October 31, 2018.

Table 1. Characteristics of experimental animals at baseline.
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Results

Data on the characteristics of mice in the groups are shown in
Table 1. No statistically significant differences were found for age,
body weight, or levels of CAMP gene mRNA expression at baseline.

After five days of treatment, the level of mRNA gene CAMP
expression was statistically significantly increased in CM200
(2.01£0.75) and CM400 (4.06+0.68), puifrerence <0.0001. The highest
increase of CAMP gene expression was observed in CM200+vit D
(5.47+0.53), puifrerence <0.0001 (Table 2). CM200+vit D showed an
increase of CAMP mRNA by 68.07%, which was the highest
expression of all groups (Table 3).

Bacterial colonization decreased in all groups after treatment for
five days. The highest decrease in bacterial colonization was
observed in CM200+vit D (-30.20+7.39), puiierence <0.0001.
Meanwhile, for the mice treated with CM200, the bacterial colony
showed a decrease of -23.60+6.27, almost similar to that of mice
treated with antibiotics in the positive control group (-20.80+6.94),
Pifrerence <0.0001 (Table 2).

Figure 1 shows that CAMP mRNA expression was highest in the
positive control group, almost equal to the expression in CM200+vit
D. Increasing CAMP mRNA expression also occurred in CM400
and CM200.

Discussion

When the bacteria Salmonella typhi enter the body, they will go
to the digestive tract and fall prey to macrophages.!”!® Our research
is novel because it is the first intervention in vivo study to utilize the
potential benefit of curcumin, combined with vitamin D, against
infection of Salmonella typhi through increasing CAMP gene

Age (weeks) 940167 940141 040167 0.60+182 960114 0.99
Body weight (grais) 3410395 3360154 31804123 3602347 35424293 0.15
CAMP gene expression 746051 7140563 746054 7.05::0.66 727076 078

(fold change) baseline

Values are expressed in mean+SD; p-value of <0.05 is considered significant for comparison between groups with one-way ANOVA test.

Table 2. Comparison in means difference of bacterial colonization and level mRNA gen CAMP expression in each group at the time
before the intervention (4t day), after the intervention (10% day) and 3 weeks after the intervention (30t day).

CM200 2.01+0.75 2.32+0.76 -23.60+6.27 -26.60+3.43
CM400 4.06+0.68 4.27+0.84 -17.20+2.28 -16.40+2.60
CM200+Vit.D 5.47+0.53 5.78+0.34 -30.20£7.39 -30.00+7.28
Positive control 4.93+0.86 4.88+0.82 -20.80+6.94 -22.00+6.16
Negative control 0.70+0.57 1.35+0.58 -15.80+8.35 -20.60+7.50
p-value* 0.000 0.000 0.019 0.012

*One-way ANOVA test, with values are mean=SD n=5; p-value < (.05 is considered significant. CM: curcumin; Positive control: levofloxacin. Negative control: aquades.

[page 78]

[Journal of Biological Research 2020; 93:8942]

OPEN aACCESS



press

N

expression. A limitation of our study is that the intervention was per-
formed in an animal model. Therefore, further research in humans is
recommended.

Curcumin is an active compound that is widely acknowledged as
an anti-inflammatory, anticancer, and recently, antimicrobial agent.

Previous study shows that induction of CAMP by curcumin
occurs in a vitamin D receptor-independent manner, and it does not
function as ligand for the VDR. Additionally, curcumin can enhance
the mRNA expression of CAMP and thus increase the levels of
cathelicidin.!3 It has a broad antibacterial spectrum against Gram-
positives and Gram-negatives as well as against fungi and parasites.
Cathelicidin damages bacterial membranes by altering the mem-
brane integrity, although some bacteria are known to have resistance
to cathelicidin. Other types of bacteria such as Enterococcus fae-
calis, Streptococcus pyogenes, Salmonella enterica, and Proteus
mirabilis can also synthesize specific proteinase to degrade catheli-
cidin expression.! The findings of our study provide evidence that
curcumin intervention with at 200 mg/kg, 400 mg/kg, and 200
mg/kg, in combination with vitamin D, can decrease bacterial colo-
nization due to infection with Salmonella typhi, indicating that cur-
cumin may be exerting antimicrobial activity.

Antimicrobial peptides are a group of molecules produced by
cells and tissues in the body of living things that play an important
role in the body’s defense system, ranging from prokaryotes to
humans known to produce antimicrobial peptides in the body.2° One
of these antimicrobial peptides is cathelicidin, which has shown that
bacterial products will increase CAMP gene expression in cultured
human cells,?! indicating the role that cathelicidin plays in fighting
infection.

Therapy with curcumin may therefore offer a promising alterna-
tive to antibiotics for treatment of typhoid fever. Our findings indi-
cate that treatments with curcumin at 200 mg/kg and 400 mg/kg sig-
nificantly increase CAMP mRNA expression in mice infected with
Salmonella typhi (Table 2). We found that curcumin with a dose of
200 mg/kg gives an average increase in the rate of mRNA gene
CAMP expression by 25%, while with a 400 mg/kg dose, by 50.94%
(Table 3). Therefore, we can conclude that curcumin has the ability
to enhance mRNA gene CAMP expression.

Levels of mRNA expression in the CAMP gene can also be
induced by several substances. The most effective inducer of CAMP
gene expression is 1,25-dihydroxyvitamin D3 [or 1,25(OH).Ds],
which is an active form of vitamin D. 1,25(OH),D; works through
the Vitamin D Receptor (VDR) which then binds to the vitamin D
(VDRE) responsive element, about 500 bp upstream of the CAMP
gene promoter.2223 In this study, a group of mice that received cur-
cumin therapy with vitamin D showed an increase in mean levels of

Table 3. Comparison of the percentage rate of increase in mean
CAMP gene mRNA expression in the observation group before
the intervention (4™ day), after the intervention (10% day) and 3
weeks after the intervention (30 day).

CM200 25 3.1
CM400 50.9 1.8
CM200+Vit.D 68.1 0.4
Positive control 57 04
Negative control 8.2 6.8

*Average increase velocity=mean (10-4™ day)100/mean 4t day; **Average increase velocity=mean
(301-10t day)100/mean 10t day.
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CAMP gene mRNA expression after five days of therapy (Table 2).

Vitamin D receptors are expressed in large amounts in the tumor
tissue and the infected cells. Recent research has shown that the
VDR and enzymes involved in the metabolism of vitamin D may
damage the VDR signaling pathways. VDR expression by immune
cells suggests that vitamin D affects the immune system function.
More than 30 different body tissues such as those in the brain, liver
and pancreas, lymphatic system, skin, gonads, and prostate consist
of cells, including T and B lymphocytes, that express the VDR. The
vitamin D receptor binds to 1,25(OH),Ds, an active form of vitamin
D, and then mediates its biological effects.?* Dendritic cells are the
primary targets of the immunomodulatory activity of 1,25(OH),Ds,
which inhibits the differentiation and maturation of dendritic cells. It
suppresses the expression regulation of major histocompatibility
complex-II (MHC-II) and costimulatory molecules (CD40, CD80,
and CD86) and leads to decreased production of IL-12. In addition,
1,25(OH).D; increases the production of interleukin-10 (IL-10) and
promotes apoptosis dendritic cells. Together, the effect of
1,25(0OH),Ds inhibits activation of T cells that depend on dendritic
cells.? Vitamin D has an antimicrobial effect through the modula-
tion of the host immune response by inducing secretion of inter-
leukin-10 (IL-10).

In this study, the mice that were given curcumin in combination
with vitamin D for five days showed an increase in the expression of
the CAMP gene mRNA by 68.07%, the highest among all the groups
(Table 3). Some studies found a relationship between vitamin D and
antimicrobial immunity. A study of atopic dermatitis patients found
that the oral administration of vitamin D at a dose of 4000 [U/day for
21 days increased cathelicidin expression in skin lesion patients with
amild increase in normal skin patients.?6 There was a modest corre-
lation with 1,25(OH),Ds levels, but not with 25(OH)D level.2’ A
study of sepsis patients saw a positive correlation between
1,25(0H),D; and cathelicidin levels observed in all subjects.?®
Therefore, an antimicrobial effect of vitamin D is possible.
However, it is still not clear if it can increase the level of cathelicidin
in the blood because this study did not measure the level of catheli-
cidin in the serum. Even so, we believe that higher levels of catheli-
cidin in the blood will have a role in fighting an infection via innate
immunity of the host.

Conclusions

Two hundred mg/kg curcumin dose, 400 mg/kg curcumin
dose, and 200 mg/kg curcumin and vitamin D dose can increase

Levels of mRNA Gene CAMP expression

(fold change)
2.5
0 20
> ==CM200
_r=! 1.5
S =i@=CM400
!; Lo CM200+Vit.D
= o5
0. e=s==Positive control
0.0 @e=Negative control

Baseline 4th 10th 30th
Experimental days (days)

Figure 1. Dynamics of changes in levels of mRNA gena CAMP
expression by the group during the observation period.
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the mRNA expression of CAMP gene after 5 days of intervention
in mice. Our results support the evidence that curcumin and vita-
min D have an antimicrobial effect that is induced by promoting
CAMP mRNA expression.
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