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ABSTRACT

OBIJECTIVE:To asses the role of calcitriol in E.coli induced abdominal sepsis in wistar rats.Here we will examine the evidence
behind the claims that vitamin D status could affect the course of infection.

MATERIAL AND METHOD: Wistar rats weighing 100-150 gm were taken for the study and divided into four groups. All groups
were treated intraperitoneally, Group 1 recieved 0.9%Saline Group 2 recieved Calcitriol i.p Group 3 received only E.Coli bacterial
suspension intraperitoneally whereas Group 4 recieved Calcitriol with E.coli bacterial suspension. Developement of symptoms
were recorded after 6 hours. For liver function tests (ALP,AST) and peritoneal wash the samples were taken for PMN and
Monocyte count attime intervals of 0, 24, 48 and 168 hours following infection. Subsequent changes are also observed.
RESULT: All test animals survived as compared to 25% of only E.coli treated control at 72 hours. PMN and monocyte count
remain low in test group 4 as compared to E.coli treated groups. Physical signs significantly seen within observed period and blood
parameters slightly increased or affected as compared to other controls.

CONCLUSION: This study is suggestive regarding role of calcitriol in prevention of E.coli . But Further studies are required to prove

whether full protection is attributed to calcitriol or not.
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Introduction

Calcitriol(1¥,25-dihydroxycholecalciferol) is a synthetic vitamin D
analog which is active in the regulation of the absorption of
calcium from the gastrointestinal tract and its utilization in the
body. Several In vitro studies proved that vitamin D, has inhibitory
activity on strains of Staphylococcus aureus, Streptococcus
pyogenes, Klebsiella pneumoniae, Escherichia coli (E. coli) and
other bacteria. In the presence of 50,000-90,000 IU/mL of vitamin
D,, the organisms were killed or demonstrated marked growth
inhibition'. Gram-positive bacteria, invasive pneumococcal
disease, meningococcal disease and group A streptococcal disease
are more common when vitamin D levels are low, raising the
possibility that pharmacological doses of vitamin D could be an
effective adjuvant therapy.”

A number of epidemiologic studies using vitamin D status or
season as the exposure have found an inverse association between
vitamin D and incidence of several infections, including influenza’,
upper respiratory tract infection *°, HIV infection ’, and bacterial
vaginosis °. Recent cross-sectional studies have attempted to
determine whether vitamin D status was associated with serum
levels of cathelicidin. Jeng et al. examined a cohort of critically ill
patients with and without sepsis and healthy controls and found a
weak but statistically significant positive association between
serum 25(0H)D and LL-37/hCAP18 (cathelicidin) °. Gombart et al.
found that serum hCAP18 was associated with increased mortality
from infection in patients with end-stage renal disease "°. They did
not find an association between 25(OH)D and LL-
37/hCAP18(cathelicidin) likely due to the finding that 80% of the
subjects had vitamin D insufficiency; however, there was a
borderline (p=0.053) association between serum 1,25(0H),D and
hCAP18".

Several randomized controlled trials have been conducted to
examine whether vitamin D supplementation would reduce the
risk of disease from viral, bacterial, fungal and protozoan

infections '". However, given the heterogeneity in the dose, sample
population, and duration of vitamin D therapy of the trials
reviewed, there was insufficient data to conclusively state that
vitamin D supplementation could result in lowered infection rate ''.
A meta-analysis comparing 25(0OH)D concentrations in TB-infected
subjects to healthy controls found a higher risk of vitamin D
deficiency in TB-infected subjects . Recent studies have been
inadequate in dosing of vitamin D, including a large randomized
controlled trial of TB-infected patients where both control and
vitamin D treatment groups had similar 25(0OH)D concentrations at
the end of the study . To determine whether vitamin D
supplementation could raise cathelicidin levels in humans, Adams
et al. gave osteoporotic women 50,000 IU of vitamin D, twice
weekly for 5 weeks and found no change in serum cathelicidin
levels; however, cathelicidin mRNA expression in peripheral blood
monocytes was increased after high-dose vitamin D
supplementation'. Larger doses and more rapid dosing of vitamin
D are likely required to up-regulate cathelicidin expression in
response to infection in humans . Furthermore, levels of
cathelicidin are likely to be induced in barrier sites as opposed to in
the systemic circulation for localized infections.

Facts behind formulating and testing the hypothesis

Studies of a number of Gram-negative pathogens in mouse
infection models have shown a role for TLR4(Toll like receptor-4),
including Neisseria meningitides, E. coli, Haemophilus influenzae,
Klebsiella pneumoniae, and Brucella abortus . Mouse models
have also shown that TLR4 is important for infection with other
pathogens, including S. pneumoniae and Mycobacteria
tuberculosis "°. TLR4 has also been linked to several viral infections,
including respiratory syncytial virus ", the murine retroviruses,
mouse mammary tumor virus and murine leukemia virus ', as well
as the picornavirus Coxsackievirus B4.". T2.5 (TLR-2 blocking
antibody) in combination with an anti-TLR4/MD-2 antibody,
protects mice against sepsis induced by Salmonella enterica or E.
coliwhen given with antibiotics *’.
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TLR2/1 activation leads to vitamin D3-dependent
antimycobacterial activities. TLR2/1/CD14 stimulation by
mycobacterial lipoprotein LpgH can activate antibacterial
autophagy through activating VDR signaling and inducing
cathelicidin.”' Vitamin D has been shown to regulate TLR-mediated
events in multiple cell types. In neutrophils, 1,25(0H)2D3
suppressed the ability of LPS to induce IL-1X expression as well as
inhibited some antimicrobial genes.”” More recently, 1,25(0H)2D3
has been shown to induce the expression of antimicrobial peptides
(cathelicidin and K-defensin) in innate immune cells stimulated
through TLR receptors, including monocytes, neutrophils and
keratinocytes.” Stimulation through TLRs in the presence of
vitamin D inhibits inflammatory cytokine production .

Vitamin D3 down-regulates monocyte TLR expression and triggers
hyporesponsiveness to pathogen-associated molecular patterns.
(24).Vitamin D3 suppresses the expression of TLR2 and TLR4
protein and mRNA in human monocytes in a time- and dose-
dependent fashion. Reduced TLR levels in 1,25(0H)(2)D3-treated
phagocytes were accompanied by impaired NF-kappaB/RelA
translocation to the nucleus and by reduced p38 and p42/44
(extracellular signal-regulated kinase 1/2) phosphorylation upon
TLR-ligand engagement. 1,25(0H)(2)D3 primes monocytes to
respond less effectively to bacterial cell wall components in a VDR-
dependent mechanism, most likely due to decreased levels of TLR2
and TLR4.*

Again it was found in many studies that despite a decrease in
mortality in the last decade, sepsis remains the tenth-leading cause
of death in western countries * and one of the commonest causes
of death in intensive care units. Mortality in adult intensive care
units may be partially linked to severe systemic inflammatory
responses and sepsis . Vitamin D status may determine AMP levels
in patients with sepsis in the intensive care unit’. The epidemiology
of septicemia in the United States and the variations of solar UVB,
as well as the effects of vitamin D, support the hypothesis that
both play important roles in reducing the risk of septicemia.” The
risk of diseases comorbid with septicemia are generally inversely
correlated with serum 25(OH)D levels. .** Grant also demonstrated
that vitamin D supplementation of mother and infant can reduce
the risk of sepsis in infants * and neonates.” Activation of TLR4,
the receptor for gram-negative bacteria's outer membrane
lipopolysaccharide or endotoxin, may play a potential role in
determining outcomes. Vitamin D, through its modulation, may
have a role as adjunctive therapy in severe sepsis and septic
shock.” In veterans admitted to the intensive care unit, higher
mortality and a longer stay were significantly linked to lower
vitamin D status.” A total of 17% of the intensive care patients in
one study had undetectable levels of vitamin D, which may
predispose to hypocalcemia. Zaloga et al.”’ found that 20% of
critically ill patients with bacterial sepsis had hypocalcemia and
that their mortality rate was significantly higher (50%) than that of
normocalcemic patients with sepsis (29%). Studies in knockout
mice have indicated a role for TLR4 in protection against
endotoxemia also. Here we will examine the evidence behind the
claims that vitamin D status could affect the course of infection.

MATERIAL AND METHOD

Animals. Adult male Wistar rats weighing 200 to 300 g each were
used. All animals were housed in individual polypropylene cages
under constant temperature (22°C+2°C) and humidity with a 12-h
light/12-h dark cycle and had access to food and water as much as
desired throughout the study. Animals were acclimatized to
laboratory conditions for 7 days before experiments were carried
out. Except the drug under study, no topical, systemic or oral
therapy of any other drug was given to the animals. Animals were
kept in aseptic condition and as much possible bacteria free
environment was maintained. Sterile techniques were used to
handle the animals. The study was conducted under guidline of
international ethical rules and approved by the Institutional Ethical
Committee, VSS Medical College,Burla,Odisha,India.

Experimental design.
A biological model of Intra-abdominal sepsis in rats *was adapted

to test the effect of calcitriol .Intraabdominal sepsis model chosen
because Microbial pathogenes within the host's intraabdominal
cavity encounter three basic defense mechanisms: removal of
particles through the lymphatic system; in situ elimination of the
bacteria, by opsonization and phagocytosis; kidnapping of the
bacteria, thus preventing its export to the bloodstream, through
the products of the inflammatory response, whose fibrinogen-rich
exudates retains the bacteria on its meshes™

Animal grouping for tests: Rats were divided into 4 groups of 4
animals in each group.

Group 1: 1.5 ml of 0.9%Saline treated control.

Group 2: Calcitriol 0.5ug once daily(qd) x2,weekly i.p treated
control

Group 3: Inoculated with only E.Coli bacterial suspension
intraperitoneally.

Group 4: Calcitriol 0.5pg once daily(qd) x2,weekly i.p treated with
E.coli bacterial suspension.

Animals of group 2,4 were treated with calcitriol for three
consecutive weeks.and E.coli was inoculated to group 3 and group
424 hour after the last dose of calcitriol.

Calcitriol Pre-treatment :

The animals of group2 and group 4 were i.p treated with calcitriol
alone [8 pg/kg per day, once daily (qd) x 2, weekly].The equivalent
dose was calculated for rat that is sufficient to show antitumour
activity.

Inoculation with E. coli

The lethal doses (LD50) of E.coli was taken as per the
model provided by damy et al.2002 . The bacteria was cultivated
in heart-brain agar. For preparation of the suspensions, the
bacteria were collected during the exponential growth stage and
diluted in sterile 0,9% saline. Adjustment of the final
concentration was achieved by Mac Farlands Scale. Control of
units forming colonies (UFC/ml) was performed by the seeding of
10 pl of the bacteria suspended in Mac Conkey agar, and by
reading after 18 - 24 hours of incubation, at 37°C. In parallel, and
constituting the controls, groups of rats were inoculated with 1.5
ml of saline, via intra-peritoneal route. The animals were observed
daily, for registrations of symptoms and deaths. All survivors were
killed in ether chamber, after 7 days.

Measuring leukocytes in the peritoneal wash

PMN and MN study from abdominal cavity, male and female rats
were inoculated with 1 LD 50 of E. coli suspension. For liver
function tests, at time intervals of 0, 24, 48 and 168 hours
following infection, rats were anaesthetized with an association of
Ketamine 25mg/kg, intramuscularly, and blood samples collected,
by cardiac puncture. The same animals were then killed in carbon
dioxide chamber and had 10 ml of saline injected into the
peritoneal cavity. This dilution factor was included on the final
calculation. After massaging the abdominal wall for one minute, a
Pasteur pipette was introduced in the midline for the collecting of
peritoneal wash. Total leukocytes count was performed on cells
counter. Samples were centrifuged for five minutes at 2000 rpm,
supernatant was despised, and the sediment re-suspended in 0.5
ml of saline was homogenized and distributed in two slides. Cells
were stained by the Leishmann method after drying, 100 cells
were counted, and neutrophils (PMN) and monocytes (MN) were
differentiated. Final calculation of number of cells at each
collecting point was achieved by multiplying the number of PMN
or MN by the total number of cells registered on the counter,
followed by division of the result by 100. In parallel, control groups
of males and females were inoculated with 1.5 ml of saline and
submitted to the same procedures described for the infected
groups of animals.

Laboratory Tests

Serum calcium, phosphorus, magnesium and alkaline
phosphatase and 24-hour urinary calcium and phosphorus were
determined periodically. During the initial phase of the medication,
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serum calcium and phosphorus determined more frequently
(twice weekly).

Liver function tests

From the described, same groups of animals, serum levels of AP,
AST and ALT were determined by analyses of enzyme activities
using the Cobas-Mira/Plus* (Roche, Germany) automated system.
The collected blood was centrifuged at 2000 rpm for 10 minutes,
serum was separated in tubes and stored at-200 C.

RESULT

Wistar rats Group-3(only E.coli), six hours after E. coli inoculation,
showed the following symptoms: Piloerection, Hyperpnea
Decreased motor activity but no such symptoms found in Group-
4(calcitriol +E.coli) at 6,8,10,12,16,20,24 hours.

Regarding neutrophil count ,In the group-3 of E. coli infected rats
the PMN cells count was higher than the count of PMN cells in the
GR-4

Table-1 Polymorphonuclear leucocyte cell count.

0 hours |24 hours (48 hours >48 and <168
hours

Group- [1.67x10°  [1.8x10° 1.47x10° 1.4x10°£0.10
1(n=8) [+0.41 +0.32 +0.23
Group- [1.82x10°  [1.6x10° 1.33x10° 1.3x10°£0.1
2(n=8) [+0.3 +0.35 +0.15
Group- [1.75x10° [3.3x10°+0.5 [4.87x10°+0.4 2.77x10°+0.1
3(n=8) [+0.38 9 2 5
Group- [1.87x10°  [1.9x10°+0.4 [1.33x10°+ 1.78x10°+0.3
4(n=8) [+0.31 0.13 1

P=0.7 P=0.0001 |P=0.0046 P=0.0007

Table- 2 is showing the monocyte count is also reduced in th vita D
treated group as compared to e.coli alone. Values of neutrophil
and monocyte count of both e.coli and vita D treated group are
significantly reduced as compared to e.coli treated group alone.

Table-2 Monocyte count

0 hours 24hours  M8hours [48 and
<168 hours

G r o u p -0.55X10°+0.[0.67X10*+0.[0.51X10°+0.|0.46X10°£0.,
1(n=8) 11 11 08 07
G roup -0.65X10°+0.0.45X10+0.47X10°+0./0.41X10°£0,
2(n=8) 10 0.09 1 08
G r o up -0.45X10°+0.[1.35X10*+0.{1.52X10°+0./0.92X10°+0.
3(n=8) 2 18 19 12
Group-0.33X107%0.61X10"+0/0.62X10°+0.[0.4X10°+0.0
4(n=8) +0.1 08 08 7

P=0.0001 [P=0.0005 [P=0.001 P=0.0003

Table-3 Alkaline Phosphotase(ALP) level (Values are in U/dL)

0 hours 24 hours ©8 hours >48 and <168
hours

Group- 6.5+0.93 6.12+0.63 [6.01+£0.59 [5.93+0.30
1(n=8)
Group- 5.9+0.68 [6.8+0.72 [5.87+0.38 .76+ 0.67
2(n=8)
Group- 7.2+0.87 [7.5+0.75 [7.11£0.54 [10.6+ 0.56
B(n=8)
Group- 6.9+0.55 6.2+0.81 6.15+ 0.6 7.36 £ 0.45
4(n=8)

P=0.0151 P= 0.0023 [P=0.0003 P= 0.0009

Table-4 Aspartate transaminase (AST) level (values are U/dL)

0 hours 24 hours @8 hours 48 and
168 hours

Group- 21.8+x1.21 R46+x1.4 [P531+1.3723.8+1.03
1(n=8)
Group- 34.9+1.76 [30.07+1.9 [30.75+2.57 31.8+ 1.76
2(n=8)
Group- 23.7+1.25 [32.33+2.13 40.46x 2.3 WU7.22+2.55
B(n=8)
Group- 31.9+2.18 33.7+1.9 32.26+ 2.5130.82+ 1.76
4(n=8)

P=0. 0008 [P=0.0001 [PP=0.0003 [P=0.0023

P<0.05 is considered as significant

In table-3 and table-4 the AST level values significantly reduced in
group 4 as compared to group 3.

There is observable increase in leucocyte migration in terms of
neutrophil and monocyte in e.coli treated group-3 animals as
compared to group-4(calcitriol + e.coli) AST and ALP levels also
significantly changed in group-3 and group 4.

DISCUSSION AND CONCLUSION

In our present study the leucocyte count was significantly reduced
in Group-4 as compared to e.coli treated groups. Many In vitro
studies proved vitamin D3 has inhibitory activity on strains of
Staphylococcus aureus, Streptococcus pyogenes, Klebsiella
pneumoniae, Escherichia coli (E. coli) and other bacteria. In the
presence of 50,000-90,000 IU/mL of vitamin D3, the organisms
were killed or demonstrated marked growth inhibition.1 Gram-
positive bacteria, invasive pneumococcal disease, meningococcal
disease and group A streptococcal disease are more common
when vitamin D levels are low, raising the possibility that
pharmacological doses of vitamin D could be an effective adjuvant
therapy.2

Despite a decrease in mortality in the last decade, sepsis remains
the tenth-leading cause of death in western countries25 and one
of the commonest causes of death in intensive care units. Mortality
in adult intensive care units may be partially linked to severe
systemic inflammatory responses and sepsis.9 Vitamin D status
may determine AMP levels in patients with sepsis inthe intensive
care unit.9 The epidemiology of septicemia in the United States
and the variations of solar UVB, as well as the effects of vitamin D,
support the hypothesis that both play important roles in reducing
the risk of septicemia.26 The risk of diseases comorbid with
septicemia are generally inversely correlated with serum 25(0OH)D
levels.26 Grant also demonstrated that vitamin D supplementation
of mother and infant can reduce the risk of sepsis in infants27 and
neonates.28 Activation of TLR4, the receptor for gram-negative
bacteria's outer membrane lipopolysaccharide or endotoxin, may
play a potential role in determining outcomes. Vitamin D, through
its modulation, may have a role as adjunctive therapy in severe
sepsis and septic shock.25 In veterans admitted to the intensive
care unit, higher mortality and a longer stay were significantly
linked to lower vitamin D status.29 A total of 17% of the intensive
care patients in one study had undetectable levels of vitamin D,30
which may predispose to hypocalcemia.31 found that 20% of
critically ill patients with bacterial sepsis had hypocalcemia and
that their mortality rate was significantly higher (50%) than that of
normocalcemic patients with sepsis (29%).

A major component of the antimicrobial action of Vitamin D is
through the production of peptides which have antimicrobial as
well as anti-endotoxin activity. Vitamin D stimulates the expression
of potent antimicrobial peptides, such as cathelicidin and []
defensin34,35 which exist in neutrophils, monocytes, natural killer
(NK) cells and epithelial cells lining the respiratory tract.36
Macrophages, lymphocytes and monocytes have VDRs that, with
25(0H)D stimulation, increase the expression of these
antimicrobial peptides.37,38 .In our study also found the
migration of neutrophils and monocytes decreased significantly in
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vita D and E.coli treated group as compared to e.coli alone. In
sepsis liver enzymes also altered but by giving vitamin D the liver
enzyme elevation also reduced.

Vitamin D is emerging as an important and cost-effective option in
the therapeutic options in reducing many infections either as a sole
agent or as an adjunct to current antimicrobial agents. Further
research is needed to prove the exact mechanism.
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