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ARTICLE INFO ABSTRACT

Keywords: Background: Miana (Coleus Scutellariodes [L] Benth) inhibits growth of bacterial pathogen inside macrophage.
Miana lea‘fes extract Objective: The aim of this study is to determine the protein level of Natural Resistance Associated Macrophage
Levofloxacin Protein 1 (NRAMP1), after administration of Miana extracts in BALB/c mice induced Klebsiella pneumoniae.
gﬁfsfflm?z:tem Methods: This is an experimental study using animal model with post test-only controlled group design. Twenty

healthy adult male BALB/c mice were randomly divided into four groups, negative control group (distilled
water), Levofloxacin 100 mg/kg, injection intraperitoneal, first treatment group (Miana leaves extract/MLE 510
mg/kg) and second treatment group (Miana + levofloxacin). MLE were administered via gastric gavage for ten
consecutive days. The blood was drawn from each mice on the first day, on the eight day of experiment (2 h after
treatment), and at 10 days. The blood sample was examined by ELISA to determine the NRAMP1 protein level.
Analysis of the number of lung tissue bacteria used Plate count agar to see the growth of Klebsiella pneumonia.
Results: NRAMP1 protein level in BALB/c mice after administration of Miana extract was increased significantly
in after 10 days treatment (p < 0.0001). The highest increasing in protein levels was found in treatment group
(Miana + levofloxacin) with an increase before treatment 3036,07 to 10010,30 pg/ml after treatment p <
0,0001.

Conclusion: NRAMP1 protein level in BALB/c mice were highest increasing in protein levels after administration
of Miana extract and Levofloxacin compared Miana or Levofloxacin only and clinical impact proved a compa-
rable effect on suppressing Klebsiella pneumoniae growth.

The institutional protocol number of this study is 1010/UN4.6.4.5.31/PP36,/2019.

medicine as complementary. Although it has been used empirically for
infectious treatment, there is not scientific demonstrations clear yet
[6-10]. Therefore, usage of Miana becomes a potential to be studied and
developed to understand the mechanisms of Miana leaves.

1. Introduction

Several study have been reported that herbal medicine could be ef-
fect in some diseases [1-5]. Miana (Coleus scutellarioides, (L) Benth) is

one of herbal medicines used in the Toraja ethnic community, South
Sulawesi, Indonesia. Study about traditional medicine in Tana Toraja
concluded that the public have been using Miana leaves for tuberculosis
treatment. Survey found 74% of tuberculosis patients use traditional

Previously, study revealed that the effect of immunomodulator and
immune responses on Miana leaves for infectious diseases [11-13].
Immunomodulator parameter such as T lymphocyte, CD4 T cell, IFN-y
and TNF-a and other cytokines were measured after herbal medicine
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treated in infection of human and animal model [14-16].

The identification of genetic factors that affect the natural risk
regarding infectious disease can give new insight about the defence
mechanisms towards infectious disease. The resistance or the vulnera-
bility to intracellular pathogenic infection like Salmonella and Myco-
bacterium are controlled by the Natural Resistance associated
Macrophage Protein (NRAMP 1) located in chromosome 1, inside
macrophage [17,18].

NRAMP1 gene can modulate the function of macrophage and is know
to have a relationship with diseases that are linked to immune response.
NRAMP1 gene plays an important role as an immune response towards
intracellular bacteria. Aside from that, it is possible that NRAMP1 has
direct effect with pathogens that survive inside the macrophage, but it
may also have a pleiotropic effect including controlling the balance
between Thl and Th2 during the adaptive immune response towards an
infection [19].

Mutation in the NRAMP1 gene causes an individual to be more
vulnerable towards intracellular pathogenic infection. Within the
human blood, polymorphonuclear leukocytes (PMN), expresses
messenger RNA NRAMP1 in excess, therefore NRAMP1 plays an
important role in these cell’s activities. With northern blot analysis,
mRNA NRAMP1 is mostly only detected in mature neutrophils from the
bone marrow, which are neutrophil band and segmented neutrophil.
Immunogold study using a cryo-electron microscope with a majority of
primary neutrophils (75%) NRAMP1-positive is also positive for gelat-
inase. The presence of NRAMP1 is in accordance with the presence of
mRNA NRAMP1 throughout the maturity of neutrophil in the bone
marrow. Immunofluorescence study about Candida albicans which con-
tains phagosomes shaped inside the neutrophils shows that NRAMP1 is
obtained from the phagosome’s membrane during phagocytosis and will
later support the role of NRAMP1 during the antimicrobial defence of
human neutrophils [20].

Klebsiella pneumoniae stimulates a variety of infection, including
pneumonia, urinary tract infection, bacteria and liver abscess. Histori-
cally, K. pneumoniae has caused serious infectious disease especially on
individuals that experience immune disorders, however the incidence
and dissemination from the hypervirulent variant expand the amount of
individuals which are vulnerable to infection including those who are
healthy and immunocompetent. K. pneumoniae variant becomes more
resistant to antibiotics, causing the treatment for this variant to become
more complex. The emergence of hypervirulence and antibiotic resis-
tance has encouraged the development of a handful of new researches.
The appearance of K. pneumoniae variant that is hard to treat challenges
doctors to evaluate the host factor and bacteria throughout the infection.
Recently, more researches are identifying the specific virulence factors
and innate immune defence. Nevertheless, the idea of the interaction
between K. pneumoniae with different components of immune response
in different tissues is not completed, how the virulence factor cope with
the host’s defence are also not yet discovered [21].

Although remarkable advances have been made in human medicine,
infectious disease still becomes a major public health problem in low
and middle income countries, including Indonesia, where lower respi-
ratory tract infections and tuberculosis are the main cause of death. This
trend also worsens in Indonesia because the irrational usage of medicine
and uncontrolled access towards antibiotics. As a result, infected pa-
tients tend to have higher health care costs, longer hospitalizations
duration and required second or third line medication treatment that
may be less effective, more toxic, and more expensive. In recent years,
medicinal plants have attracted the attention of the pharmaceutical and
scientific community as a source of antimicrobial substances [22].

The purpose of this study was to determine the expression of
NRAMP1 protein level after Miana leaf extract was given to mice
infected with Klebsiella pneumoniae. Animal models of pneumonia have a
pathology identical to that of human pneumonia. Pneumonia must be
induced in animals for it to be studied, which mimics human disease in a
similar way.
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2. Material and methods
2.1. Ethical statement

All experimental protocols employed in this study were approved by
the Medical Research Ethics Committee of Hasanuddin University
Makassar, Indonesia (1010/UN4.6.4.5.31/PP36,/2019). Provenance and
peer review are not commissioned, externally peer reviewed.

2.2. Study design

This is an experimental study using 20 healthy adult males BALB/c
mice, 8-weeks-old, and weighted approximately 25-35 g. Twenty
healthy adult male BALB/c mice were randomly divided into four
groups, five for negative control group (distilled water), five for positive
control group (Levofloxacin 100 mg/kg body weight), five for first
treatment group (Miana extract 510 mg/kg body weight) and five for
second treatment group (Miana and levofloxacin). Mice that died or
pregnant were dropped out of the study.

2.3. Experimental procedure

Miana leaves that have been collected then dried in the sun for 2
days. Dried miana leaves made into flour using a blender. Miana leaves
flour extracted using ethanol solvent with maceration process. Then, the
extract is dried using a spinner at 40 °C until crude ethanol extract is
formed. Stock solutions of 10% ethanol extract were prepared each by
dissolving 10 g of extract in 100 ml of distilled water. Each group was
given 10% Miana leaves extract with a single dose, 510 mg/kg body
weight. The drugs were administered via gastric gavage with 1 ml
syringe.

2.4. Experimental animals

Mice were obtained from the maintenance and development unit of
the experimental animal laboratory of Molecular Biology Faculty of
Medicine, Hasanuddin University, Makassar, Indonesia. This experiment
using 20 healthy adult males BALB/c mice, 8-weeks-old, and weighted
approximately 25-35 g.

2.5. Housing and husbandry

The mice were adapted for one week in a room with room temper-
ature of 25 °C, 12-h cycle of light and dark, and were given proper food
and drink.

2.6. Experimental outcomes

Mice injected with 0.2 mL Klebsiella pneumoniae intraperitoneally (i.
p.) at eighth day. The blood was drawn from each mice on the first day
(before treatment) and on the eight day of experiment (2 h after injec-
tion intraperitonially Klebsiella pneumoniae) and on the ten day of
experiment. The blood sample was examined by enzyme- linked
immunosorbent assay (ELISA) Reader 270 (Biomerieux, France) to
determine the NRAMP1 protein level. Analysis of the number of lung
tissue bacteria (Colony Form Unit) used Plate count agar to see the
growth of Klebsiella pneumonia.

2.7. Statistical methods

The data were analysed using SPSS software version 20. The data
were tested with Shapiro-Wilks test. The statistical analysis technique
using ANOVA test was used to compare numerical difference in each
group. Paired T-test and Independent T-test was used to compare the
NRAMP1 protein level of each group, before and after experiment. P
value < 0.05 was considered significant.
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3. Results

Table 1 showed the comparison of NRAMP1 protein levels between
before and after treatment from all group using statistical analysis
Paired T-test. There was a significant increasing of NRAMP1 protein
level from 2782,000 pg/ml before treatment to 7208,078 pg/ml after
treatment (p < 0.0001).

Statistical analysis using ANOVA test in the four groups (Table 2)
showed that the average value of NRAMP1 protein levels before treat-
ment did not show a significant difference between each group (p =
0,248), while the contrary was found after treatment (p < 0.0001).

Tables 3 and 4 showed the comparison of NRAMP1 protein levels
between two groups. There were no significant differences (p > 0.05) in
NRAMP1 protein level before treatment. However, there were signifi-
cant differences in NRAMP1 protein level between two groups after
treatment (p < 0.05), except between Miana and Miana + Levofloxacin
0,0739.

Mean protein level of NRAMP1 before treatment in the control group
(distilled water), Miana group, levofloxacin group and Miana + levo-
floxacin group, although not significant p = 0,2488 before treatment did
not show a significant difference between each group, after treatment
showed a significant difference between each group. Protein level of
NRAMP1 showed a significant difference after treatment. Concentration
of the NRAMP1 protein level was highest in the Miana + levofloxacin
treatment group (mean 10010.3), followed by the Miana group with
mean 9305.507, SD 749.52. Then in the levofloxacin group with a mean
value 6120.39 and the lowest in the distilled water group (mean
3396.11). No adverse events in each experimental group.

Analysis of the number of lung tissue bacteria used Plate count agar
to see the growth of Klebsiella pneumonia. The four groups had a sig-
nificant difference in the mean comparison. The negative control group
was seen the most in Klebsiella pneumoniae growth. The group that was
given Miana, the average of Klebsiella pneumoniae grew 2.8 Colony
Forming Unit. In the Levofloxacin and Miana + Levofloxacin groups
there was no visible growth of Klebsiella pneumoniae as shown as in
Table 5.

ANOVA test results on Klebsiella pneumoniae growth in the four
groups showed a significant difference with a p value of 0.000. The
administration of levofloxacin and miana leaf extract to BALB/c mice
was proven have an effect on suppressing the growth of Klebsiella
pneumoniae.

No adverse events in each experimental group.

4. Discussion

The majority of the world’s population still uses natural herbal
medicines, and Miana is one of the herbal medicines that is often used.
Miana leaves extract can inhibit and stop the growth of Streptococcus
pneumoniae, Staphylococcus aureus, Staphylococcus epidermidis, and
Klebsiella pneumonia. It also can give a better zone of bacterial growth
inhibition than amoxicillin and cefadroxil. Inhibition zone of miana
leaves extract is about 25.3-28.7 mm, cefadroxil 16.6-21 mm, whereas
amoxicillin 11.6-20 mm. Miana also has a potential as antibacterial for
Streptococcus pneumonia, Staphylococcus aureus, Staphylococcus epi-
dermidis, and Klebsiella pneumoniae that causes cough [1,5,9].

In this study the NRAMP1 protein level in each mice was analysed
two times. The first blood sample was drawn from each mice on the first

Table 1

Comparison of NRAMP1 Protein level before and after treatment Groups.
Variable N Mean SD P Value
NRAMP1 level before treatment 20 2782,410 1039,000 <0,0001
NRAMP1 level after treatment 20 7208,078 2807,732

Data were analysed with Independent t-test, p-value of <0.05 was considered
significant.

Annals of Medicine and Surgery 65 (2021) 102262

day, before drug administration. The second blood sample was drawn
from each mice on the tenth day of experiment, after drug administra-
tion. The blood sample was examined by enzyme-linked immunosorbent
assay.

The NRAMP1 protein levels in the negative control group (distilled
water) showed no significant differences with p value of 0.2488, from
level of 1971,752 pg/ml before treatment to level of 3396,11 pg/ml
after treatment. The NRAMP1 protein levels in the positive control
group (levofloxacin) showed an almost significant increment with p
value of 0,0001, from level of 3036,065 pg/ml before treatment to level
of 6120,396 pg/ml after treatment.

The NRAMP1 protein levels in first treatment group (Miana leaves
extract) showed a significant increment with p value of <0.0001, from
level of 2936,676 pg/ml before treatment to level of 9305,507 pg/ml
after treatment. The NRAMP1 protein level in the second treatment
group (Miana leaves extract + Levofloxacin) showed a significant
increment with a p value of <0.0001, from level of 3185,148 pg/ml
before treatment to level of 10010,3 pg/ml after treatment. The results
showed a significant increment of NRAMP1 protein levels after admin-
istration of Miana leaves extract. Thus, this study proved that Miana
leaves extract are associated with changes in NRAMP1 protein levels.

The NRAMP1 protein levels after treatment in the four groups
showed a significant difference. The protein in the negative control
group (dstilled water) was seen to have the lowest level, then followed
by a positive control group (Levofloxacin). The highest NRAMP1 protein
levels after treatment were obtained in the first treatment group (Miana
leaves extract + Levofloxacin) and followed by the second treatment
group (Miana leaves extract). The fact showed that the increment of
NRAMP1 protein level in the first treatment group, with Miana leaves
extract + Levofloxacin, have resulted in higher increment level
compared to the second treatment group.

Previous study was conducted a study on animal model of Salmonella
typhi infection treated with miana leaf extract showing increasing of
TLR4 expression [11]. Amsyah et al. conducted a study using miana leaf
extract in rat induced Aggregatibacter actinomycetemcomitans was found
significantly effect had the same effect as levofloxacin on IL-10 mRNA
expression [12]. Other study revealed that effects of miana (Coleus
scutellariodes (L) Benth) to expression of mRNA IL-37 in Balb/c mice
infected Candida albicans [13].

Gonococcal infection in macrophages induces expression of
NRAMP1 (cytosolic iron transport) and iron-carrying protein. These
changes in iron homeostasis cause an increase of iron bioavailability
which facilitate iron acquisition and increase survival of intracellular
gonococcal [23]. Regulation of NRAMP1 in Legionella infection in-
dicates NRAMP1 contributes to phagocyte defence against infections
[24]. Mammalian hosts isolate iron, zinc, and manganese ions to limit
microbial growth by a process called nutritional immunity, NRAMP1
metal ion transporter can export manganese and iron out of macrophage
phagosome to limit the availability of metals to intracellular pathogen
[25]. Research conducted by Fritsche et al. showed that NRAMP1 had an
effect on S. typhimurium infection by increasing the expression of lip-
ocalin 2 [26]. Divalent metal transport through NRAMP1 depends on
H*'. NRAMP1 contributes to defence against infection by extracting
divalent cations from the phagosomal space [27]. Because the NRAMP1
protein level is likely to be closely related to the mRNA expression of the
NRAMP1 gene, further studies are needed to see whether Miana leaf also
affects the mRNA expression of NRAMP1 gene and is associated with the
bacterial load of Klebsiella pneumoniae.

5. Conclusion

The protein level of Natural Resistance Associated Macrophage
Protein 1 (NRAMP1) was increased after administration of Miana leaf
extract in BALB/c induced Klebsiella pneumoniae mice. Miana leaf extract
has been shown have a growth-suppressing effect on Klebsiella pneumo-
niae. This indicates NRAMP1 contributes to phagocyte defence against
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Table 2
Comparison between NRAMP1 protein level before and after treatment of four group.
No Variable n Mean SD Min Max P Value
1 Before treatment
Distilled water 5 1971,752 638,2162 1356,283 2982,723 0,2488
Miana 5 2936,676 1044,871 1800,807 4498,497
Levofloxacin 5 3036,065 929,1524 1907,295 4250,025
Miana + Levo 5 3185,148 1277,114 1587,83 4356,513
2 After treatment
Distilled water 5 3396,11 740,1964 2338,924 4168,669 <0,0001
Miana 5 9305,507 749,5218 8438,073 10200,05
Levofloxacin 5 6120,396 1163,12 4643,047 7421,548
Miana + Levo 5 10010,3 161,79 9827,32 10233,93

* Data were analysed with ANOVA test, p-value of <0.05 was considered significant.

Table 3
Comparison of NRAMP1 protein level before treatment between two groups.
Variable n Mean SD Min Max P Value
1 Distilled water 5 1971,75 638,2162 1356,283 2982,723 0,1160
Miana 5 2936,68 1044,871 1800,807 4498,497
2 Distilled water 5 1971,75 638,2162 1356,283 2982,723 0,0677
Levofloxacin 5 3036,07 929,1524 1907,295 4250,025
3 Aquadest 5 1971,75 638,2162 1356,283 2982,723 0,0939
Miana + Levofloxacin 5 3036,07 929,1524 1907,295 4250,025
4 Miana 5 2936,68 1044,871 1800,807 4498,497 0,8777
Levofloxacin 5 3036,07 929,1524 1907,295 4250,025
5 Miana 5 2936,68 1044,871 1800,807 4498,497 0,7450
Miana + Levofloxacin 5 3036,07 929,1524 1907,295 4250,025
6 Levo 5 3036,07 929,1524 1907,295 4250,025 0,8381
Miana + Levofloxacin 5 3036,07 929,1524 1907,295 4250,025

Data were analysed with Independent ¢-test, p-value of <0.05 was considered significant.

Table 4
Comparison of NRAMP1 protein level after treatment between two groups.
No Variable N Mean SD Min Max P alue
1 Distilled water 5 3396,11 740,1964 2338,924 4168,669 0,0000
Miana 5 9305,51 749,5218 8438,073 10200,05
2 Distilled water 5 3396,11 740,1964 2338,924 4168,669 0,0022
Levofloxacin 5 6120,40 1163,12 4643,047 7421,548
3 Distilled water 5 3396,11 740,1964 2338,924 4168,669 0,0000
Miana + Levo 5 10010,30 161,7946 9827,324 10233,93
4 Miana 5 9305,51 749,5218 8438,073 10200,05 0,0009
Levofloxacin 5 6120,40 1163,12 4643,047 7421,548
5 Miana 5 9305,51 749,5218 8438,073 10200,05 0,0739
Miana + Levo 5 10010,30 161,7946 9827,324 10233,93
6 Levofloxacin 5 6120,40 1163,12 4643,047 7421,548 0,0001
Miana + Levo 5 10010,30 161,7946 9827,324 10233,93

Data were analysed with Independent t-test, p-value of <0.05 was considered significant.

Ethical approval
Table 5 PP

Comparison of Klebsiella pneumoniae colony in lung culture between groups.

All experimental protocols employed in this study were approved by

No  Variable n Mean SD Min  Max P Value the Medical Research Ethics Committee of Hasanuddin University
CFU Makassar, Indonesia (1010/UN4.6.4.5.31/PP36/2019).

1 Aquadest 5 8178 40517 93 999  0,0000

2 Miana 5 28 3,89 0 8 Sources of funding

3 Levofloxacin 5 0 0 0 0

4 Miana + Levofloxacin 5 0 0 0 0

There is no funding on this research.

infection of Klebsiella pneumoniae. Author contribution

These results indicate that clinical impact of the administration of
Levofloxacin and miana leaf extract to BALB/c mice proved a compa-
rable effect on suppressing Klebsiella pneumoniae growth. Miana leaf
extract involves an immune response in the mechanism of reducing
infection and potential as a traditional medicine as an antimicrobial.

TDW, MH, AB and AS, MNM initiated and designed the study. TDW,
AB, MH and AS, MNM drafted the manuscript. All authors have read and
approved the final manuscript.



T.D. Wahyuni et al.
Registration of research studies

*This study is done on mice.

Name of the registry.

Unique Identifying number or registration ID.

Hyperlink to your specific registration (must be publicly accessible
and will be checked).

Guarantor
Mochammad Hatta.
Consent

This experimental study is done on mice. Therefore, there is no
written consent.

Declaration of competing interest

There is no conflict of interest or any financial and personal rela-
tionship with other people or organisations that could inappropriately
influence this work.

Acknowledgements

This study was not sponsored by government or pharmaceutical
company fund.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
0rg/10.1016/j.amsu.2021.102262.

References

[1] Syarif Li, A.A. Junita, M. Hatta, R. Dwiyanti, C. Kaelan, M. Sabir, M.R. Primaguna,
Purnamasari Ni, A mini review: medical plants for typhoid fever in Indonesia, Sys.
Rev. Pharm. 11 (2020) 1171-1180, https://doi.org/10.31838/srp.2020.6.170.

[2] 1. Wijaya, N.A. Taslim, R. Natzir, A.M. Aman, M. Hatta, I. Patellongi, B. Suhudi, A.
A. Islam, M.N. Massi, A.M. Ichsan, Molecular and immunological mechanisms of
Channa striata in diabetic wound healing, Int. J. Pharmaceut. Res. 12 (2020)
279-289, https://doi.org/10.31838/ijpr/2020.SP2.046.

[3] T.P. Simanjuntak, M. Hatta, A.M. Tahir, R.H. Sirait, M.B. Karo, T. Tambaib, A.

R. Junita, Analysis of anti-toxoplasma immunoglobulin G and immunoglobulin M
antibody levels after intervention with Curcuma Longa extract on early pregnant
mice with acute toxoplasmosis, J. Global Infect. Dis. 11 (2019) 25-29. http://www
.jgid.org/text.asp?2019/11/1/25/251839.

[4] T. Tambaip, M.B. Karo, M. Hatta, R. Dwiyanti, R. Natzir, M.N. Massi, A.A. Islam,
K. Djawad, Immunomodulatory effect of orally red fruit (Pandanus conoideus)
extract on the expression of CC chemokine receptor 5 mRNA in HIV patients with
antiretroviral therapy, Res. J. Immunol. 11 (2018) 15-21, https://doi.org/
10.3923/1ji.2018.15.21.

[5] M.B. Karo, T. Tambaip, M. Hatta, T.P. Simanjuntak, L. Irmawaty, T. T Rina,

M. Bintang, A mini review of Indonesian medicinal plants for Vulvovaginal

candidiasis, Rasayan J. Chem. 10 (2017) 1280-1288.

Sirait Li, M.N. Massi, M. Hatta, Prihantono, The effects of extract andaliman fruit

(Zanthoxylum acanthopodium dc) to CAMP mRNA expression and bacterial load in

mice balb-C after gardnerella vaginal infection, Indian J. Pub. Health Res. Dev. 9

(2018) 607-611, https://doi.org/10.5958/0976-5506.2018.01525.5.

[7] T.P. Simanjuntak, M. Hatta, S. Rauf S, S.A. Prabandari, C. Siagian, R. Dwiyanti,
Tumor necrosis factor-alpha levels and histopathology finding after intervention
with Curcuma longa extract, J. Med. Sci. 18 (2018) 56-62, https://doi.org/
10.3923/jms.2018.56.62.

[6

[}

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

[25]

[26]

[27]

[28]

Annals of Medicine and Surgery 65 (2021) 102262

R.T. Aritonang, R. Natzir, W.A. Sinrang, M.N. Massi, M. Hatta, E. Kamelia, The
effect of administration of extract from areca nut seeds (areca catechu L) on the
estradiol and estrus cycle balb/C female rats, J. Phys. Conf. 1477 (2020) 1-6,
https://doi.org/10.1088/1742-6596/1477/6/062026.

F. Syamsuri, M. Hatta, R. Natzir, G. Alam, M.N. Massi, R. Dwiyanti, B. Bahar,

A review: worldwide medicinal plants for typhoid fever, Indian J. Pub. Health Res.
Dev. 9 (2018) 1461-1465, https://doi.org/10.5958/0976-5506.2018.00938.5.
T.P. Simanjuntak, M. Hatta, S. Rauf, I. Yusuf, M. Tahir, Forkhead box P3
messenger-RNA expression after Curcuma longa extract intervention in early
pregnant mice with toxoplasmosis, Res. J. Immunol. 11 (2018) 1-6. https://scialert
.net/abstract/?doi=rji.2018.1.6.

F. Syamsuri, M. Hatta, R. Natzir, G. Alam, M.N. Massi, B. Bahar, S.P. Rahardjo,
Expression of TLR-4 in Salmonella typhi-induced balb/c mice treated by miana
leaves (Coleus scutellaroides (L) Benth), Indian J. Pub. Health Res. Dev. 9 (2018)
1449-1454, https://doi.org/10.5958/0976-5506.2018.02057.0.

Uk Amsyah, M. Hatta, H. Tahir, G. Alam, A. Asmawati, Expression of IL-10 in A.
actinomycetemcomitans induced rat treated by purple miana leaves, Biomed.
Pharmacol. J. 12 (2019) 2099-2104, https://doi.org/10.13005/bpj/1845.

M. Karo, M. Hatta, W. Salma, I. Patellongi, R. Natzir, Effects of miana (Coleus
scutellariodes (L) Benth) to expression of mRNA IL-37 in Balb/c mice infected
Candida albicans, Phcog. J. 10 (2018) 16-19, https://doi.org/10.5530/
pj.2018.1.3.

T. Tambaip, M.B. Karo, R. Natzir, M. Bintang, A.A. Islam, W.O. Salma, M. Hatta,
CD4 + cell impacts of orally red fruit (Pandanus conoideus) oil extract in HIV
patients with antiretroviral therapy, Indian J. Pub. Health Res. Dev. 10 (2019)
510-514, https://doi.org/10.5958/0976-5506.2019.00342.5.

A. Febriza, V.N.A. Kasim, H.H. Idrus, M. Hatta, The effects of curcumin and vitamin
d combination as inhibitor toward Salmonella typhi bacteria growth in vivo, Int. J.
Appl. Pharm. 11 (2019) 116-120, https://doi.org/10.22159/ijap.2019.v11s5.
T0093.

V.N.A. Kasim, M. Hatta, R. Natzir, V. Hadju, A. Febriza, H.H. Idrus, Effects of lime
(Citrus aurantifolia) peel to the expression of mRNA toll-like receptors 4 in balb/c
mice-infected Salmonella typhi, J. Adv. Pharm. Tech. Res. 11 (2020) 169-173,
https://doi.org/10.4103/japtr.JAPTR_48_20.

R. Dwiyanti, M. Hatta, R. Natzir, S. Pratiwi, M. Sabir, Y. Yasir, et al., Association of
typhoid fever severity with polymorphisms NOD2, VDR and NRAMP1 Genes in
endemic area, Indonesia, J. Med. Sci. 17 (2017) 133-139, https://doi.org/
10.3923/jms.2017.133.139.

M. Hatta, M Tanaka Ratnawati, J. Ito, T. Shirakawa, M. Kawabata, Nramp1/
Slcllal gene polymorphisms and host susceptibility to mycobacterium
tuberculosis and M. Leprae in South Sulawesi, Indonesia, Southeast Asian J. Trop.
Med. Publ. Health 41 (2010) 386-394.

D. Govoni, P. Gros, Macrophage NRAMP1 and its role in resistance to microbial
infections, Inflamm. Res. 47 (7) (1998) 277-284.

X. Ding, X. Zhang, Y. Yang, Y. Ding, W. Xue, Y. Meng, et al., Polymorphism,
expression of natural resistance-associated macrophage protein 1 encoding gene
(NRAMP1) and its association with immune traits in pigs, Asian-Australas. J. Anim.
Sci. 27 (8) (2014) 1189-1195.

F. Canonne-Hergaux, J. Calafat, E. Richer, M. Cellier, S. Grinstein, N. Borregaard,
et al., Expression and subcellular localization of NRAMP1 in human neutrophil
granules, Blood 100 (1) (2002) 268-275.

M. Paczosa, Klebsiella pneumoniae: going on the offense with a strong defense
michelle, Himostaseologie 27 (1) (2016) 22-31.

S.M. Zughaier, J.L. Kandler, W.M. Shafer, Neisseria gonorrhoeae modulates iron-
limiting innate immune defences in macrophages, PLoS One 9 (1) (2014).

J.R. Forbes, P. Gros, Iron, manganese, and cobalt transport by Nramp1 (Slc11lal)
and Nramp2 (Slc11a2) expressed at the plasma membrane, Blood 102 (5) (2003)
1884-1892.

V.E. Diaz-Ochoa, S. Jellbauer, S. Klaus, M. Raffatellu, Transition metal ions at the
crossroads of mucosal immunity and microbial pathogenesis, Front. Cell Infect.
Microbiol. 4 (January) (2014) 1-10.

G. Fritsche, M. Nairz, S.J. Libby, F.C. Fang, G. Weiss, Slc11al (Nramp1) impairs
growth of Salmonella enterica serovar typhimurium in macrophages via
stimulation of lipocalin-2 expression, J. Leukoc. Biol. 92 (2) (2012) 353-359.

N. Jabado, A. Jankowski, S. Dougaparsad, V. Picard, S. Grinstein, P. Gros, Natural
resistance to intracellular infections: natural resistance-associated macrophage
protein 1 (NRAMP1) functions as a pH-dependent manganese transporter at the
phagosomal membrane, J. Exp. Med. 192 (9) (2000) 1237-1247.

C. Kilkenny, W.J. Browne, I.C. Cuthill, M. Emerson, D.G. Altman, Improving
bioscience research reporting: the ARRIVE guidelines for reporting animal
research, PLoS Biol. 8 (6) (2010), e1000412, https://doi.org/10.1371/journal.
pbio.1000412.


https://doi.org/10.1016/j.amsu.2021.102262
https://doi.org/10.1016/j.amsu.2021.102262
https://doi.org/10.31838/srp.2020.6.170
https://doi.org/10.31838/ijpr/2020.SP2.046
http://www.jgid.org/text.asp?2019/11/1/25/251839
http://www.jgid.org/text.asp?2019/11/1/25/251839
https://doi.org/10.3923/rji.2018.15.21
https://doi.org/10.3923/rji.2018.15.21
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref5
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref5
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref5
https://doi.org/10.5958/0976-5506.2018.01525.5
https://doi.org/10.3923/jms.2018.56.62
https://doi.org/10.3923/jms.2018.56.62
https://doi.org/10.1088/1742-6596/1477/6/062026
https://doi.org/10.5958/0976-5506.2018.00938.5
https://scialert.net/abstract/?doi=rji.2018.1.6
https://scialert.net/abstract/?doi=rji.2018.1.6
https://doi.org/10.5958/0976-5506.2018.02057.0
https://doi.org/10.13005/bpj/1845
https://doi.org/10.5530/pj.2018.1.3
https://doi.org/10.5530/pj.2018.1.3
https://doi.org/10.5958/0976-5506.2019.00342.5
https://doi.org/10.22159/ijap.2019.v11s5.T0093
https://doi.org/10.22159/ijap.2019.v11s5.T0093
https://doi.org/10.4103/japtr.JAPTR_48_20
https://doi.org/10.3923/jms.2017.133.139
https://doi.org/10.3923/jms.2017.133.139
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref18
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref18
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref18
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref18
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref19
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref19
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref20
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref20
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref20
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref20
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref21
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref21
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref21
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref22
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref22
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref23
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref23
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref24
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref24
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref24
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref25
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref25
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref25
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref26
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref26
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref26
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref27
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref27
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref27
http://refhub.elsevier.com/S2049-0801(21)00212-0/sref27
https://doi.org/10.1371/journal.pbio.1000412
https://doi.org/10.1371/journal.pbio.1000412

	Increasing Natural Resistance Associated Macrophage Protein 1 serum level after Miana treatment in BALB/c induced Klebsiell ...
	1 Introduction
	2 Material and methods
	2.1 Ethical statement
	2.2 Study design
	2.3 Experimental procedure
	2.4 Experimental animals
	2.5 Housing and husbandry
	2.6 Experimental outcomes
	2.7 Statistical methods

	3 Results
	4 Discussion
	5 Conclusion
	Ethical approval
	Sources of funding
	Author contribution
	Registration of research studies
	Guarantor
	Consent
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


