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Abstract
Introduction: Vitamin D plays crucial role as an antimicrobial agent, the deficiency of which has deleterious effects on the general
wellbeing, especially among elderly. The incidence and severity of infectious diseases in the elderly are associated with a variety of

functional, demographic and immunologic changes inside the body due to ageing.

Objective: The aim was to examine the association of vitamin D status with antimicrobial activity of cultured macrophages isolated
within an exclusively elderly population cohort. In addition, the present study was also determined the antimicrobial activity (against

E. coli infection) of cultured macrophages after in vitro supplementation of Vitamin D.

Materials and Methods: This experimental study was conducted among 97 randomly selected rural elderly women aged between
60 to 70 years of age, during the period of April 2014 to August 2018, at Amdanga block, North 24" parganas, West Bengal. Their
vitamin D status was assessed by the estimation of serum 25(0OH)D and classified into three groups viz. sufficient (40 members),
insufficient (28 members) and deficient (29 members). After that the Peripheral Blood Mononuclear Cells (PBMC) were isolated and
cultured from fresh blood from each and every study subject. Supplementation of 1,25 dihydroxy vitamin D[1,25(0H),D] was given
selectively at a dose of 10 x10% M for 72 hours in the culture media and were exposed to Escherichia coli and screened for their iNOS
activity (inducible Nitric Oxide Sythase), SOD activity (Superoxide Dismutase) and CFU (Colony Forming Unit) reduction rate. SPSS

software, version 20.0 was used to perform statistical analysis.

Results: iNOS activity and SOD activity were significantly increased in case of both sufficient and deficient group. As per the CFU
reduction rate against E. coli infection there is no significant difference were observed according to serum 25(OH)D consisting
group. After in vitro 1,25(0H),D supplementation,the maximum increase in CFU reduction rate was observed among Deficient

group(63.57%), whereas in case of Insufficient group it was 60.11% and for Sufficient group it was 44.66%.

Conclusion: Considering bacteria killing capacity of macrophages the in vitro 1,25(0H),D supplementation significantly inreases
the CFU reduction rateoverall. Sufficient group’s macrophages always had better profile than other two groups. In vitro 1,25(0H),D

supplementation increases iNOS and SOD activity significantly.
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Introduction

MDR-associated infections are the current threat to any health
care system, or medical community with limited therapeutic
options including substantial morbidity as well as mortality with
a huge economic burden [1]. Significantly higher incidence rate
and multiple occurrence of infectious diseases in the elderly
are associated with a variety of functional, demographic and
immunologic changes inside the body due to ageing [2,3]. Recent
UN report revealed that drug-resistant microbial infections kill
about 700,000 people annually, and by 2050 it may increase to a
crore. Reports also revealed that the AMR could force nearly 2.4
crore people into indigence by 2030, with 2-3.5% decreased gross
domestic product, costing 100 trillion USD [4]. Globally India ranked
first due to its per-capita usage and total consumption of antibiotics
(12.9x10° units), thus it is cited as the global “AMR capital” [5,6].
Furthermore the global health care cost in hospitals with infections
has increased in geometric proportion [7]. Although the detection
of MDR-pathogens are common in community-acquired infections,
furthermore the COVID-19 pandemic has shifted the focus to
viral therapy. Additionally the most common incidence among
elderly is that they deals with multiple medications for underlying
illnesses, thus management is complicated due to age-related
organ system changes, therefore antimicrobial therapy needs to
be chosen keeping drug interactions and adverse events in mind
[2,3,8,9]. Another concern is the imprudent use of antimicrobials
in agriculture, fishery, and veterinary, making the situation worse
[10]. Furthermore the wide-spread occurrence of drug-resistant
strains in the environment was aggravated by pollute water-
bodies, soil, and sediments [11]. Thus, immediate action on these
global threats is the top priority. Vitamin D on the other hand
remains one formidable antimicrobial agent [12]. At cellular level
more than 200 genes are regulated by vitamin D, including cell
proliferation, differentiation and apoptotic genes [13], and act as
the key holder for modulating systemic inflammation, oxidative
stress and mitochondrial respiratory functions. Therefore, a
vitamin D replete state appears to benefit most infections [14].
At present the adjunctive treatment of vitamin D against different
infection is coming in focus [15]. Whereas, Vitamin D deficiency is

also a worldwide phenomenon among elderly [16-18].

Thus the objective of the present study was to examine the
association of vitamin D status with antimicrobial activity of

cultured macrophages isolated within an exclusively elderly

28
population cohort. In addition, the present study was also
determined the antimicrobial activity of cultured macrophages

after in vitro supplementation of Vitamin D.

Materials and Methods
Study type and design

This was an experimental study, conducted among 97 elderly
women, aged between 60-70 years (mean age 62.5+4.23 years),
selected randomly from 30 villages of Amdanga block, North 24"
Parganas district, West Bengal, India, within the time period of
April 2014 to August 2018.

Inclusion criteria

Elderly women aged between 60-70 years, who were
cooperative in nature and willing to participate were included in
the study.

Exclusion criteria

Elderly women having previous history of thyroid dysfunction,
on hormonal replacement therapy, amenorrhoea due to any
pathological cause or surgery, on vitamin D supplementation, and
physically or mentally challenged were excluded from the study.
Elderly women having fever in last 20 days and having high total
WBC count and high C-reactive protein level were also excluded

from the study.

Data collection

At first stage the 97 elderly were selected randomly and their
serum 25(0OH)D level were screened accordingly and classified
into three groups i.e. sufficient groups (40 members), insufficient
groups (28 members) and deficient groups (29 members).
Deficiency, insufficiency, and sufficiency of vitamin D were defined
as <20, 21-29, and 230 ng/ml of serum 25(OH)D in the human
blood, respectively [18]. In the next stage the peripheral blood
mononuclear cells (PBMC) were isolated from fresh blood (4 ml) of
each of the studied subjects and the collected PBMC were divided
into two groups i.e. test and control; where test group received
vitamin D supplementation (1,25(0H),D was supplemented in
liquid form by mixing it gently with the given culture medium) and
control groups did not receive any supplementation. Finally, after
the development of monocyte derived macrophages (MDMs), each
test and control group were exposed to E. coli infection for 120

minutes.
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Isolation and culture of human macrophages

Peripheral blood mononuclear cells (PBMC) were isolated
from heparinised blood (4ml) of each and every study subjects by
density gradient centrifugation with Ficoll-Paque [19]. The cells
were washed twice in Phosphate-Buffered Saline (PBS) and were
resuspended in medium RPMI 1640 (HIMEDIA), supplemented
with 10% Fetal Calf Serum and Macrophage Cell Stimulating Factor
(MCSF) also added at 2 ng/ml concentration. Finally, cells were

added to adherent 6 well plates at a density of 2 x10°cells per well.

29
After incubation for 48 hours, at 37°C and 5% CO, environment, the
non-adherent cells were removed by repeated vigorous washings.
Selected cell culture was then supplemented with 1,25(0H), Data
dose of 10x10® M for 72 hours. The dose was standardised and
referred by previous reports [20-23]. After completion of seven
days the cells were isolated and incubated with E. coli for 120
minutes. The infections were given in ratio of 1:40. After which
iNOS activity and SOD (Super Oxide Dismutase) activity and

bacteria killing assay were performed (Image 1).

Image 1: Details work flow.

Antimicrobial activity assessment

The following assays were done following standard methods.

Inducible nitric oxide synthase (iNOS) activity assay [24]:

Macrophage cell lysate from individual subjects were assayed
for iNOS enzyme using a reaction system (Arginine as substrate,
potassium ferrocyanide and HEPEs buffer) and observed
spectrophotometrically at 420 nm. Enzyme activity was expressed

as AOD/mg protein per unit time

Super oxide dismutase (SOD) activity assay [25]:

Macrophage cell lysate from individual subjects were assayed
for SOD enzyme using a reaction system where pyrogallol was used
as substrate and observed spectrophotometrically at 420 nm. The

enzyme activity was expressed as AOD /mg protein per unit time.

Total protein estimation [26]:

The protein contents of the samples were quantified by standard

method [26]. The absorbance was measured at 660 nm.
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Bacteria Killing Assay [27]

Human MDMs (2x10° cells) were suspended at 1:40 ratio with
E. coli in a final volume of 1ml of 100mM Phosphate buffer, pH7.4.
This suspension was then incubated with gentle rocking, at 37 °
C. Centrifugation followed by washing with cold buffer twice. Cells
were bursts by freeze-thaw method. Aliquots of that suspension
were plated at 0 minute, and 120 minutes for incubation at 37° c
on nutrient media. The Agar plates were then incubated at 37 ° C
in incubator, and bacterial colonies were counted on the next day.
Results were expressed as bacterial killing = 100 - (N/N multiplied
by 100) where N = is the number of colonies counted at each time

point and N = is the number of colonies counted at time zero.

Ethics clearance

Ethics clearance was obtained from the Institutional Ethics
Committee of All India Institute of Hygiene and Public Health
(AIIH&PH), Kolkata. Informed written consent was obtained from

each study subjects prior to the commencement of the study.

Statistical analysis

Data were put in Microsoft Excel worksheet (Microsoft,
Redwoods, WA,USA) and they were checked for accuracy.
Continuous data was first checked for normality distribution by
Kolmogarov Smirnov Test. Significant p - value indicated skewed
distribution. In presence of skewed distribution, non-parametric
tests were performed. Difference between distributions of two
continuous variables was determined by Kruskall Wallis test.
Correlation was calculated by Spearman’s correlation coefficient

(p, rho). Correlation was calculated by Spearman’s correlation
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coefficient (p, rho). SPSS software, version 20.0 (Statistical Package
for the Social Sciences Inc, Chicago, IL, USA) was used to perform
statistical analysis. p value equal to or less than 0.05 was considered

as statistically significant.

Results

Association of serum 25(0OH)D status with bacteria Killing
assay, iNOS and SOD activity

In present study in case of E. coli infection 42.64% Colony
forming unit (CFU) reduction was observed among Sufficient group,
50.45% observed among Insufficient group and 43.45% observed
among Deficient group. No significant differences (Unpaired t test,

p = 0.089) were observed between these three groups.

In conditions where there is no exposure to infection or
1,25(0H),D treatment the median iNOS level was found to be
more in case of deficient group, followed by sufficient group and
insufficient group. After exposure to infections the median iNOS
level was found to be 7.38 in deficient group,7.52 in insufficient
group and 6.42 in sufficient group. Distribution of these values in 3
different group was found to be statistically significant as evident
from Kruskal Wallis test (p = 0.04). Again with increase in serum
25(0H)D level, the iNOS level decreased significantly (Spearman’s
rho p = 0.01). In conditions where 1,25(0H),D were treated with
exposure to infection the median iNOS level was low in insufficient
group 5.9 followed by increase in sufficient (9.40) group and
deficient group (9.84). Although the values of iNOS level was not
statistically significant in 3 different groups (p = 0.27) (Table 1).

iNOS level Kruskal-Wallis SOD level Kruskal-Wallis statistic

SO BRIt Median (IQR) S;;tel::':l?n"/: :}Il:)) Median (IQR) Spearmalgi‘::?)lruree)lation rho
(p value) (p value)

Without infection
Deficient group 6.14 (3.59) 412 (0.1269) 4 (4.2) 1.11(0.5741)
Insufficient group 3.30 (3.19) -0.140(0.1690) 4.79 (2) -0.022(0.8291)
Sufficient groups 4.28 (3.74) 3.45(3.43)
With Infection (E. coli)
Deficient group 7.38 (8.06) 1.23 (0.539) 6.87 (4.71) 6.43(0.0401)
Insufficient group 7.52 (5.95) -0.060(0.5540) 4.36 (5.11) -0.247(0.0174)
Sufficient group 6.42 (5.9) 3.75(4.31)
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With Infection (E. coli) + 1,25(0H),D treatment

Deficient group 9.84 (8.33) 4.69 (0.0998) 8 (6.65) 2.60(0.2718)
Insufficient group 5.9 (5.62) -0.126(0.2140) 5.44 (6.86) -0.177(0.0914)
Sufficient group 9.40(8.65) 6.5(6.38)

Table 1: iNOS and SOD activity in in vitro cultured human macrophages of elderly women according to 25(0OH)D level in comparison to

those with or without exposure to infection (E.coli) (N = 97).

In conditions where there is no exposure to infection or
1,25(0H),D treatment the median SOD level was 4 for deficient
group and 4.79 in case of insufficient group, 3.45 in case of sufficient
group. Moreover, the difference between these three groups were
insignificant (p = 0.57) as revealed from Kruskal Wallis test (Table
1).

Antimicrobial effects after in vitro 1,25(0H)2D
supplementation
In bacteria Kkilling assay after in vitro 1,25(0H),D

supplementation the total reduction of CFU was significantly (p
= 0.0207) high (60.64%) from without supplementation state
(all three groups). This observation indicates again the important
role of 1,25(0H),D in bactericidal activity of macrophages.After in
vitro 1,25(0H),D supplementation,the maximum increase in CFU
reduction rate was observed among Deficient group (63.57%),
whereas in case of Insufficient group it was 60.11% and for

Sufficient group it was 44.66%.

In conditions where there is no exposure to infection the iNOS
level of the deficient group was 6.14, with exposure to infection (E.
coli) itincreases 7.38 and after invitro 1,25(0H),D supplementation
and with exposure to infection (E. coli) the iNOS activity level
increases to 9.84, which was significant as evident from Kruskal-
Wallis test (p = 0.01). Considering SOD activity among deficient
group similar significant interpretation(p = 0.003) was observed
(Table 1).

Where as in case of insufficient group when there is no
exposure to infection the iNOS level of the insufficient group was
3.30, with exposure to infection (E. coli) it increased to 7.52 and
after in vitro 1,25(0H),D supplementation and with exposure to
infection (E. coli) the iNOS activity level increased to 5.9, which
was insignificant from Kruskal-Wallis test (p = 0.08). Considering
SOD activity among the insufficient group, increase in SOD activity
were statistically insignificant (p = 0.75) as per Kruskal-Wallis test
(Table 2).

Serum 25(0H)D status iNOS level Statistical Test | SOD level Statistical Test 25(0H)D
Level
Median (IQR) | Kruskal-Wallis Median Kruskal-Wallis Median (IQR)

statistic (IQR) statistic
(p value) (p value)

Deficient Group (N =29)

Without infection 6.14 (3.59) 21.83 4(4.2) 16.22 5.16(2.57)

With Infection (E. coli) 7.38 (8.06) 6.87 (4.71)

ith Infection (E. coli) + 1,25(0OH . . .

With Infection (E. coli) + 1,25(0H),D 9.84 (8.33) (0.0001) 8 (6.65) (0.003)

treatment

Insufficient Group (N = 28)

Without infection 3.30(3.19) 4.83 4.79 (2) 0.55 23.80(4.40)

With Infection (E. coli) 7.52 (5.95) 4.36 (5.11)

With Infection (E. coli) + 1,25(0H),D 5.9 (5.62) (0.089) 5.44 (6.86) (0.759)

treatment
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Sufficient Group (N =40)

Without infection 4.28 (3.74) 16.97 3.45 (3.43) 7.69 33.10(4.07)
With Infection (E. coli) 6.42 (5.9) 3.75 (4.31)

With Infection (E. coli) + 1,25(0H),D 9.40 (8.65) (0.0002) 6.5 (6.38) (0.02)

treatment

Total (N=97)

Without infection 5.00 (4.14) 39.32 3.9(3.43) 22.48 21.49(28.75)
With Infection (E. coli) 7.28 (4.75) 5.66 (4.8)

With Infection (E. coli) + 1,25(0H),D 9.09 (8.43) (0.001) 6.61 (6.79) (0.001)

treatment

Table 2: iNOS and SOD activity in in vitro cultured human macrophages of elderly women according to 25(0H)D level in comparison to

Again in case of sufficient group when there was no exposure
to infection, the iNOS level of the sufficient group was 4.28, with
exposure to infection (E. coli) it increased to 6.42 and after in vitro
1,25(0H),D supplementation and with exposure to infection (E.
coli) the iNOS activity level further increased to 9.40, which was
significant according to Kruskal-Wallis test (p = 0.002). Considering
SOD activity among sufficient group, again SOD activity increased

significantly (p = 0.02) as revealed from Kruskal-Wallis test.

Discussion

In 2017, the first list of drug-resistant priority pathogens,
appear as major threat, was published by the WHO containing 12
bacterial families, including six foremost microbes Acinetobacter
baumannii, Escherichia coli, Pseudomonas aeruginosa, Klebsiella,
Serratia and Proteus [28]. Thus E. coli remains one life threatening
microorganisms specially for elderly population. Overall
development of natural protection against these microbes always

will be beneficial and cost effective approach for the community.

In human immune system the primary professional scavenger
cells are the macrophages, capable to engulf micro-organisms,
proteins and other smaller cells using several mechanisms such
as Fc- receptor and complement mediated phagocytosis and
endocytosis [29-30]. Vitamin D helps in promoting the activity
of monocyte and macrophages, thereby contributing to a potent
systemic anti-microbial effect [12-14]. Thus vitamin D deficient/
insufficient state is always beneficial to infections. Currently,
several classical antibiotics are found to be ineffective against

many pathogens including E. coli, which clarified the urgent need

for new or alternative antimicrobials to prevent drug-resistance.
Unfortunately, the progress in new antimicrobial research is
unsteady and extremely slow, which was further delayed due to
the COVID-19 pandemic.

Previous reports showed that serum 25(OH)D deficiency is
associated with severity of different infection and antimicrobial
activity [32-34]. In present study, considering bactericidal activity,
iNOS activity and SOD activity (Table 1 and 2) also showed the
similar trend where sufficient serum 25(0OH)D consisting group

had better result than others against E. coli infections.

iNOS is one essential enzyme in protective immunity against
different bacterial infections [35]. Nitric oxide thus can inhibit
both microbial DNA replication and cellular respiration [36].
Macrophages while activated generate massive nitric oxide, NO
and superoxide radicals [37]. While the bactericidal effect of
polymorphonuclear leucocytes depends on their superoxide
generative capacity [35-37], and biosynthesis of SOD [37].

Reports also showed that in vitro vitamin D treatment enhanced
the bacteria Kkilling activity significantly [34,38,39]. In present
study in vitro 1,25(0H),D supplementation increases iNOS and
SOD activity significantly (Table 2), also significant impact was

observed in CFU reduction rate among all three groups.

Present research is one basic approach towards understanding
such promising molecular candidate to combat infections among
elderly. It has many limitations as well. Therefore, more elaborative

and specific study should be conducted to find out a novel anti-
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infectious intervention, while many antibiotic classes have lost
their antimicrobial efficacy and multidrug-resistance constitutes
an emerging threat to global health. Present research is part of
bigger project which was previously published elsewhere [17,40-
41].

Limitations

The small sample size is one of the important limitations of the
present study, additionally more additionally more elaborative and

specific study might give clearer picture than the present one.

Conclusion

Considering bacteria Kkilling capacity of macrophages the in
vitro 1,25(0H),D supplementation significantly inreases the CFU
reduction rate overall.Sufficient group’s macrophages always
had better profile than other two groups. In vitro 1,25(0H),D

supplementation increases iNOS and SOD activity significantly.

Acknowledgement

The financial and other related support has been obtained
from the DST-INSPIRE Program Division, New Delhi; Department
of Microbiology, Lady Brabourne College, Kolkata, India; and
Department of Biochemistry and Nutrition, All India Institute of
Hygiene and Public Health, Kolkata.

Conflict of Interest

Authors have no conflict of interest.
Bibliography

1. CDC2019. Centers for Disease Control and Prevention. Biggest
Threats and Data Antibiotic/Antimicrobial Resistance| CDC
(2019).

2. Sadighi Akha AA. “Aging and the immune system: an overview”.
Journal of Immunological Methods 463 (2018): 21-26.

3. Tannaou T, et al. “Multifactorial immunodeficiency in frail
elderly patients: Contributing factors and management”.
Médecine et Maladies Infectieuses 49 (2019): 167-172.

4. World Health Organization. “WHO global report on
traditional and complementary medicine 2019”. World Health
Organization (2019)] License: CC BY-NC-SA 3.0 IGO.

5. Van B, et al. “Global antibiotic consumption 2000 to 2010: an
analysis of national pharmaceutical sales data”. The Lancet
Infectious Diseases 14.8 (2010): 742-750.

10.

11.

12.

13.

14.

15.

16.

17.

33
Chaudhry D and Tomar P. “Antimicrobial resistance: the next
BIG pandemic”. International Journal of Community Medicine
and Public Health 4.8 (2017): 2632-2636.

Nelson RE., et al. “National Estimates of Healthcare Costs
Associated with Multidrug-Resistant Bacterial Infections
Among Hospitalized Patients in the United States”. Clinical
Infectious Disease 72 (2021): S17-S26.

EliasR,, etal. “Aging, immune senescence, and immunotherapy:
a comprehensive review”. Seminars Oncology 45 (2018): 187-
200.

Agarwal S and Busse PJ. “Innate and adaptive
immunosenescence”. American college of Allergy Asthma

Immunology 104 (2010): 183-190.

Smet A, et al. “Comparative Analysis of Extended-Spectrum-
-Lactamase-Carrying Plasmids from Different Members of
Enterobacteriaceae Isolated from Poultry, Pigs and Humans:
Evidence for a Shared -lactam Resistance Gene Pool?”. Journal
of Antimicrobial Chemotherapy 63 (2009): 1286-1288.

Gothwal R and Shashidhar T. “Antibiotic Pollution in
Environment :A review”. Clean Soil Air Water (2015): 479-489.

Eleftheriadis T, et al. “The effect of paricalcitol on
osteoprotegerin production by human peripheral blood
mononuclear cells”. Journal of Rheumatology 36 (2009): 856-
857.

Hughes DA and Norton R. “Vitamin D and respiratory health”.
In Clinical and Experimental Immunology 158.1 (2009): 20-
25.

Sertznig P, et al. “Cross-talk between vitamin D receptor
(VDR)- and peroxisome proliferator-activated receptor
(PPAR)-signaling in melanoma cells”. Anticancer Research 29.9
(2009): 3647-3658.

Veldman CM,, et al. “Expression of 1,25-dihydroxyvitamin D
(3) receptor in the immune system”. Archives of Biochemistry
and Biophysics 374 (2000): 334-338.

Kamen DL and Tangpricha V. “Vitamin D and molecular
actions on the immune system: modulation of innate and
autoimmunity”. Journal of Molecular Medicine 88 (2010): 441-
450.

Ghosh ], et al. “Prevalence of metabolic syndrome, vitamin D
level, and their association among elderly women in a rural
community of West Bengal, India”. Medical Journal of Dr. D.Y.
Patil University 13 (2020): 315-320.

Citation: Joyeta Ghosh, et al. “Antimicrobial Effect of 1,25 Dihydroxy Vitamin D on Escherichia coli and its Association with Serum 25 Hydroxy Vitamin D
Level: An Experimental Study on the Elderly Women". Acta Scientific Microbiology 6.4 (2023): 27-34.


https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/biggest-threats.html
https://www.cdc.gov/drugresistance/biggest-threats.html
https://pubmed.ncbi.nlm.nih.gov/30114401/
https://pubmed.ncbi.nlm.nih.gov/30114401/
https://www.sciencedirect.com/science/article/pii/S0399077X18301392
https://www.sciencedirect.com/science/article/pii/S0399077X18301392
https://www.sciencedirect.com/science/article/pii/S0399077X18301392
https://apps.who.int/iris/handle/10665/312342
https://apps.who.int/iris/handle/10665/312342
https://apps.who.int/iris/handle/10665/312342
file:///E:/ANUSHA/Acta/2023/APRIL%202023/ASMI/ASMI-23-RA-027/doi.org/10.1016/S1473-3099(14)70780-7
file:///E:/ANUSHA/Acta/2023/APRIL%202023/ASMI/ASMI-23-RA-027/doi.org/10.1016/S1473-3099(14)70780-7
file:///E:/ANUSHA/Acta/2023/APRIL%202023/ASMI/ASMI-23-RA-027/doi.org/10.1016/S1473-3099(14)70780-7
https://www.ijcmph.com/index.php/ijcmph/article/view/1685
https://www.ijcmph.com/index.php/ijcmph/article/view/1685
https://www.ijcmph.com/index.php/ijcmph/article/view/1685
https://pubmed.ncbi.nlm.nih.gov/33512523/
https://pubmed.ncbi.nlm.nih.gov/33512523/
https://pubmed.ncbi.nlm.nih.gov/33512523/
https://pubmed.ncbi.nlm.nih.gov/33512523/
https://pubmed.ncbi.nlm.nih.gov/30539714/
https://pubmed.ncbi.nlm.nih.gov/30539714/
https://pubmed.ncbi.nlm.nih.gov/30539714/
https://pubmed.ncbi.nlm.nih.gov/20377107/
https://pubmed.ncbi.nlm.nih.gov/20377107/
https://pubmed.ncbi.nlm.nih.gov/20377107/
https://academic.oup.com/jac/article/63/6/1286/748211
https://academic.oup.com/jac/article/63/6/1286/748211
https://academic.oup.com/jac/article/63/6/1286/748211
https://academic.oup.com/jac/article/63/6/1286/748211
https://academic.oup.com/jac/article/63/6/1286/748211
https://doi.org/10.1002/%20clen.201300989
https://doi.org/10.1002/%20clen.201300989
https://pubmed.ncbi.nlm.nih.gov/19342729/
https://pubmed.ncbi.nlm.nih.gov/19342729/
https://pubmed.ncbi.nlm.nih.gov/19342729/
https://pubmed.ncbi.nlm.nih.gov/19342729/
https://pubmed.ncbi.nlm.nih.gov/19667161/
https://pubmed.ncbi.nlm.nih.gov/19667161/
https://pubmed.ncbi.nlm.nih.gov/19667161/
https://pubmed.ncbi.nlm.nih.gov/19667161/

Antimicrobial Effect of 1,25 Dihydroxy Vitamin D on Escherichia coli and its Association with Serum 25 Hydroxy Vitamin D Level: An Experi-
mental Study on the Elderly Women

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Vitamin D Fact Sheet for Health Professionals. US Department
of Health and Human National Institute of Health Services”.
Office of dietary supplements (2020).

Tyurina YY. et al. “Nitrosative Stress Inhibits the Amino
phospholipid Translocase Resulting in Phosphatidyl serine
Externalization and Macrophage Engulfment Implications
For The Resolution of Inflammation”. Journal of Biological
Chemistry (2007): 665-668.

Panaro MA, et al. “Evidence for iNOS expression and nitric
oxide production in the human macrophages”. Current Drug
Targets Immune Endocrine Metabolic Disorder 3.3 (2003):
210-221.

Dalton TP, et al. “Regulation of gene expression by reactive
oxygen”. Annual Review of Pharmacology and Toxicology 39
(1999): 67-101.

Segal AW and Abo A. “The biochemical basis of the NADPH
oxidase of phagocytes”. Trends in Cell Biology 18 (1993): 43-
47.

B@yum A. “Isolation of mononuclear cells and granulocytes
from human blood”. Scandinavian Journal of Clinical and
Laboratory Investigation 21 (1968): 77-89.

Nins RW, et al. “Colorimetric assays for NO species formed
from NO stock solutions and donor compounds”. Methods in
Enzymology L. (Ed.), 268 (1996): 93-205.

Marklund SL and Marklund G. “Involvement of the superoxide
anion radical in the autooxidation of pyrogallol and a
convenient assay for superoxide dismutase”. Journal of
Biochemistry 47 (1974): 469 474.

Lowry OH,, et al. “Protein measurement with the Folin phenol
reagent”. Journal of Biological Chemistry 193 (1951): 265-275.

Angela H,, et al. “Impairment of Antimicrobial Activity and
Nitric Oxide Production in Alveolar Macrophages from
Smokers of Marijuana and Cocaine”. The jJournal of Infectious
Diseases 187 (2003): 700-704.

World Health Organization. “WHO Publishes List of Bacteria
for Which New Antibiotics Are Urgently Needed” (2017).

Woods ., et al. “Special feature for the Olympics: effects of
exercise on the immune system: exercise-induced modulation
of macrophage function”. Immunology Cell Biology 78 (2000):
545-553.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

34
Karimian P, et al. “Anti-oxidative and anti-inflammatory effects
of Tagetesminuta essential oil in activated macrophages”.
Asian Pacific Journal Tropical Biomedicine 4 (2014): 219-227.

Fischbach M A and Walsh C T. “Antibiotics for Emerging
Pathogens”. Science 325 (2009): 1089-1093.

Chalmers ]JD. et al. “Vitamin D deficiency is associated
with chronic bacterial colonisation and disease severity in
bronchiectasis”. Thorax 68 (2013): 39-47.

Zosky GR., et al. “Vitamin D deficiency causes deficits in
lung function and alters lung structure”. American Journal
Respiratory Critical Care Medicine 183 (2011): 1336-1343.

Ainoosh G., et al. “Antimicrobial and immune-modulatory
effects of vitamin D provide promising antibiotics-independent
approaches to takle bacterial infections”. European Journal of
Microbiology and Immunology 9.3 (2019): 80-87.

MacMicking J., et al. “Identification of NOS2 as a protective
locus against tuberculosis”. Proceedings of National Academic
of Sciences of the United States of America 94 (1997): 5243-
5248.

Mac Micking J., et al. “Altered responses to bacterial infection
and endotoxic shock in mice lacking inducible nitric oxide
synthase”. Cell 81 (1995): 641-50.

Aribi M,, et al. “Bactericidal Activities against Staphylococcus
aureus Are Enhanced In Vivo by Selenium Supplementation in
a Dose-Dependent Manner”. PLoS ONE 10.9 (1995): e0135515.

Wang TT, et al. “1,25 dihydroxy vitamin D3 is a direct
inducer of antimicrobial peptide gene expression”. Journal of
Immunology 173.29 (20048): 9-12.

Martineau AR. et al. “IFN-gamma and TNf-independent
vitamin D-inducible human suppression of mycobacteria: the
role of Cathelicidin LL-37". Journal Immunology 178 (2007):
7190-7198.

Ghosh ], et al. “Cathelicidin LL-37 level in presence and
absence of vitamin D in cultured macrophages isolated from
elderly women”. Malaysian Journal of Nutrition 28.3 (2022):
327-334.

Ghosh]., etal. “Antimicrobial Effect of 1,25 Dihydroxy Vitamin D
on Vibrio cholerae and its Association with Serum 25-Hydroxy
Vitamin D Level in Rural Elderly Women: An Experimental
Study”. Journal of Clinical and Diagnostic Research 15.10
(2021): 34-37.

Citation: Joyeta Ghosh,, et al. “Antimicrobial Effect of 1,25 Dihydroxy Vitamin D on Escherichia coli and its Association with Serum 25 Hydroxy Vitamin D
Level: An Experimental Study on the Elderly Women". Acta Scientific Microbiology 6.4 (2023): 27-34.


https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional
https://ods.od.nih.gov/factsheets/VitaminD-HealthProfessional
https://pubmed.ncbi.nlm.nih.gov/17229723/
https://pubmed.ncbi.nlm.nih.gov/17229723/
https://pubmed.ncbi.nlm.nih.gov/17229723/
https://pubmed.ncbi.nlm.nih.gov/17229723/
https://pubmed.ncbi.nlm.nih.gov/17229723/
https://pubmed.ncbi.nlm.nih.gov/12871028/
https://pubmed.ncbi.nlm.nih.gov/12871028/
https://pubmed.ncbi.nlm.nih.gov/12871028/
https://pubmed.ncbi.nlm.nih.gov/12871028/
https://pubmed.ncbi.nlm.nih.gov/10331077/
https://pubmed.ncbi.nlm.nih.gov/10331077/
https://pubmed.ncbi.nlm.nih.gov/10331077/
https://pubmed.ncbi.nlm.nih.gov/4179068/
https://pubmed.ncbi.nlm.nih.gov/4179068/
https://pubmed.ncbi.nlm.nih.gov/4179068/
https://www.sciencedirect.com/science/article/abs/pii/S0076687996680124
https://www.sciencedirect.com/science/article/abs/pii/S0076687996680124
https://www.sciencedirect.com/science/article/abs/pii/S0076687996680124
https://pubmed.ncbi.nlm.nih.gov/4215654/
https://pubmed.ncbi.nlm.nih.gov/4215654/
https://pubmed.ncbi.nlm.nih.gov/4215654/
https://pubmed.ncbi.nlm.nih.gov/4215654/
https://www.sigmaaldrich.com/IN/en/tech-docs/paper/11637?gclid=Cj0KCQiAgaGgBhC8ARIsAAAyLfH9TXf-G9vTM9P8K6W3YN0_nHlFzgVfwiEmQOZJ91t-iExSRitlqQUaAiXyEALw_wcB&gclsrc=aw.ds
https://www.sigmaaldrich.com/IN/en/tech-docs/paper/11637?gclid=Cj0KCQiAgaGgBhC8ARIsAAAyLfH9TXf-G9vTM9P8K6W3YN0_nHlFzgVfwiEmQOZJ91t-iExSRitlqQUaAiXyEALw_wcB&gclsrc=aw.ds
https://pubmed.ncbi.nlm.nih.gov/12599091/
https://pubmed.ncbi.nlm.nih.gov/12599091/
https://pubmed.ncbi.nlm.nih.gov/12599091/
https://pubmed.ncbi.nlm.nih.gov/12599091/
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://www.who.int/news/item/27-02-2017-who-publishes-list-of-bacteria-for-which-new-antibiotics-are-urgently-needed
https://pubmed.ncbi.nlm.nih.gov/11050538/
https://pubmed.ncbi.nlm.nih.gov/11050538/
https://pubmed.ncbi.nlm.nih.gov/11050538/
https://pubmed.ncbi.nlm.nih.gov/11050538/
https://pubmed.ncbi.nlm.nih.gov/25182441/
https://pubmed.ncbi.nlm.nih.gov/25182441/
https://pubmed.ncbi.nlm.nih.gov/25182441/
https://pubmed.ncbi.nlm.nih.gov/19713519/
https://pubmed.ncbi.nlm.nih.gov/19713519/
https://pubmed.ncbi.nlm.nih.gov/23076388/
https://pubmed.ncbi.nlm.nih.gov/23076388/
https://pubmed.ncbi.nlm.nih.gov/23076388/
https://pubmed.ncbi.nlm.nih.gov/31662886/
https://pubmed.ncbi.nlm.nih.gov/31662886/
https://pubmed.ncbi.nlm.nih.gov/31662886/
https://pubmed.ncbi.nlm.nih.gov/31662886/
https://pubmed.ncbi.nlm.nih.gov/9144222/
https://pubmed.ncbi.nlm.nih.gov/9144222/
https://pubmed.ncbi.nlm.nih.gov/9144222/
https://pubmed.ncbi.nlm.nih.gov/9144222/
https://pubmed.ncbi.nlm.nih.gov/7538909/
https://pubmed.ncbi.nlm.nih.gov/7538909/
https://pubmed.ncbi.nlm.nih.gov/7538909/
https://pubmed.ncbi.nlm.nih.gov/26340099/
https://pubmed.ncbi.nlm.nih.gov/26340099/
https://pubmed.ncbi.nlm.nih.gov/26340099/
https://pubmed.ncbi.nlm.nih.gov/15322146/
https://pubmed.ncbi.nlm.nih.gov/15322146/
https://pubmed.ncbi.nlm.nih.gov/15322146/
https://pubmed.ncbi.nlm.nih.gov/17513768/
https://pubmed.ncbi.nlm.nih.gov/17513768/
https://pubmed.ncbi.nlm.nih.gov/17513768/
https://pubmed.ncbi.nlm.nih.gov/17513768/
https://nutriweb.org.my/mjn/publication/28-3/Vol%2028(3)%203.mjn.2021.0013%20Ghosh%20(final).pdf
https://nutriweb.org.my/mjn/publication/28-3/Vol%2028(3)%203.mjn.2021.0013%20Ghosh%20(final).pdf
https://nutriweb.org.my/mjn/publication/28-3/Vol%2028(3)%203.mjn.2021.0013%20Ghosh%20(final).pdf
https://nutriweb.org.my/mjn/publication/28-3/Vol%2028(3)%203.mjn.2021.0013%20Ghosh%20(final).pdf
https://www.researchgate.net/publication/355808349_Antimicrobial_Effect_of_125_Dihydroxy_Vitamin_D_on_Vibrio_cholerae_and_its_Association_with_Serum_25-Hydroxy_Vitamin_D_Level_in_Rural_Elderly_Women_An_Experimental_Study
https://www.researchgate.net/publication/355808349_Antimicrobial_Effect_of_125_Dihydroxy_Vitamin_D_on_Vibrio_cholerae_and_its_Association_with_Serum_25-Hydroxy_Vitamin_D_Level_in_Rural_Elderly_Women_An_Experimental_Study
https://www.researchgate.net/publication/355808349_Antimicrobial_Effect_of_125_Dihydroxy_Vitamin_D_on_Vibrio_cholerae_and_its_Association_with_Serum_25-Hydroxy_Vitamin_D_Level_in_Rural_Elderly_Women_An_Experimental_Study
https://www.researchgate.net/publication/355808349_Antimicrobial_Effect_of_125_Dihydroxy_Vitamin_D_on_Vibrio_cholerae_and_its_Association_with_Serum_25-Hydroxy_Vitamin_D_Level_in_Rural_Elderly_Women_An_Experimental_Study
https://www.researchgate.net/publication/355808349_Antimicrobial_Effect_of_125_Dihydroxy_Vitamin_D_on_Vibrio_cholerae_and_its_Association_with_Serum_25-Hydroxy_Vitamin_D_Level_in_Rural_Elderly_Women_An_Experimental_Study

	_GoBack

