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A B S T R A C T

Now a day most of the patients on long term therapy of glucocorticoid become insensitive to corticosteroids
and addition of vitamin D to such patients may enhance to response to corticosteroids. Therefore, we
investigated anti-inflammatory activity of vitamin D in presence of glucocorticoids receptor antagonist;
mifepristone, to assess whether, vitamin D acts as dependent or independently from glucocorticoids
receptor. Wistar albino rats were sensitized with ovalbumin (OVA) and, upon OVA challenge, developed
airway eosinophilia and neutrophilia. Administration of dextamethasone, vitamin D and combination
of dextamethasone+vitamin D, and dextamethasone+vitamin D+mifepristone significantly (P<0.05)
attenuated OVA-induced eosinophils and neutrophils but fail to attenuate in animals pretreated with
mifepristone and dextamethasone +mifepristone. Moreover, we did not find any effects on monocytes,
lymphocytes and total cells counts. The results of present study indicated that vitamin D acts as
independently from glucocorticoids receptor and play significant role in glucocorticoids insensitive
patients.

© This is an open access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/) which permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source are credited.

1. Introduction

Asthma is one among the foremost common chronic disease
and is ranked within the top 10 prevalent conditions.
Approximately 300 million people of worldwide are
affected by asthma and is projected to extend to 400 million
by 2025.1 In 2010 the casualty from this disease was quite
300 thousands.2 Mast cells, infiltration of eosinophils and
increased activated T helper 2 (Th2) lymphocytes3,4 plays
a significant role in chronic asthma. Now a days, inhaled
corticosteroid has become first-line treatment,5 however,
about 5–10% of asthma patients becomes steroid-insensitive
or difficult to regulate asthma.6

Recently many studies has suggested that vitamin
D play a significant role in the regulation of immune
system and vitamin D receptor (VDR) are present on
activated B, T cells, monocytes, and dendritic cells.7–10

Moreover, vitamin D inhibits Th1 (11), Th211 and Th1712
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associated cytokines while some evidence shows that
vitamin D may enhance (14) Th2 responses. Regulatory T-
cells (Tregs) modulates the immune system by inhibiting
transcription of IL-2, expressing IL-10, and potentially
converting effector T cells to hyporesponsive or regulatory
forms.7 Vitamin D causes induction as well as proliferation
of Tregs7 by increasing IL-10-secretion and toll-like
receptor (TLR)-9 expression.13 Both in vivo and in vitro
studies also have shown that vitamin D enhances the
production of anti-inflammatory cytokine IL-10 by human
T cells.14 In a pilot study, administration of vitamin D
to steroid resistant asthmatic patients results in enhanced
response to dexamethasone which suggests that vitamin
D could potentially increase the therapeutic response of
glucocorticoids in steroid-resistant patients.15 Therefore,
present study was undertaken to investigate the role
of vitamin D in presence of glucocorticoids receptor
antagonist.
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2. Materials and Methods

2.1. Animal husbandry and feeds

Wistar albino rats (200-250 g) of either sex were housed
in a room maintained at 22 ± 1◦C with a relative humidity
of 55 ± 5% and a 12 h light-dark cycle. Animals had
given free access to standard pellet animal diet (Amrut
brand rodent feed, Pranav Agro Industries, Pune, India)
and filtered tap water. All experiments were conducted
as per protocol (LMCP/Cology/12/12) approved by the
Institutional Animal Ethics Committee (IAEC) and as per
Indian norms laid down by the Committee for the Purpose
of Control and Supervision of Experiments on Animals
(CPCSEA), New Delhi.

2.2. Sensitization and challenge with OVA and
Treatment

Animals were divided into nine groups (n=6/group) as
mentioned follow.

Group I: non-sensitized controls, received distilled water
(2.5 ml/kg).

Group II: ovalbumin sensitized and received distilled
water (2.5 ml/kg).

Group III: reference standard group- ovalbumin
sensitized and received Dexa (2.5 mg/kg).

Group IV: ovalbumin sensitized and received vitamin D
(50 IU/kg).

Group IV: ovalbumin sensitized and received
combination of vitamin D (50 IU/kg) and Dexa (2.5
mg/kg).

Group VI: ovalbumin sensitized and received
mifepristone (5 mg/kg).

Group VII: ovalbumin sensitized and received
combination of mifepristone (5 mg/kg) and vitamin D
(50 IU/kg).

Group VIII: ovalbumin sensitized and received
combination of mifepristone (5 mg/kg) and Dexa (2.5
mg/kg).

Group IX: ovalbumin sensitized and received
combination of mifepristone (5 mg/kg), Dexa (2.5 mg/kg)
and vitamin D (50 IU/kg).

All rats were sensitized with 100 µg ovalbumin adsorbed
in 100 mg/ml of aluminum hydroxide in saline by i.p.
injection on days 0 and 14 (general sensitization) in all rats.
Rats were anesthetized before being challenged with 100 µg
of OVA in 100 µl of saline; intranasally for 3 days. On days
21–23, for group II to IX daily doses of drug or vehicle by
i.p. injection 1 h prior to OVA administration.16

3. Results

3.1. Effect of treatments on Eosinophils

The eosinophils count in blood samples recovered from the
model control animals were markedly increased (p<0.05)

compared to the non-sensitized controls. However, the
numbers of circulating eosinophils (p<0.05) in the blood
were significantly decreased in dexamethasone, vitamin D,
combination of vitamin D-dexamethasone, combination of
mifepristone-vitamin D, and combination of mifepristone-
vitamin D-dexamethasone treated animals, respectively,
compared to those numbers seen in the ovalbumin sensitized
rats (Figure 1).

Fig. 1: Effect of treatments on eosinophils. Values shown
are the mean±S.E.M. (n=6). @p< 0.05 compared to the non-
sensitized control. ∗p<0.05, compared to the OVA (ovalbumin)-
sensitized vehicle-treated model control, #p<0.05 compared to the
dexamethasone treated, $p<0.05 compared to the mifepristone. S=
Ovalbumin sensitized, VitD= Vitamin D, Dexa=Dexamethasone,
M= Mifepristone.

3.2. Effect of treatments on neutrophils

The neutrophils count in blood samples recovered from the
model control animals were markedly increased (p<0.05)
compared to the non-sensitized controls. However, the
numbers of circulating eosinophils (p<0.05) in the blood
were significantly decreased in dexamethasone, vitamin D,
combination of vitamin D-dexamethasone, combination of
mifepristone-vitamin D, and combination of mifepristone-
vitamin D-dexamethasone treated animals, respectively,
compared to those numbers seen in the ovalbumin sensitized
rats (Figure 2).

3.3. Effect of treatments on Monocytes

We did not find any significant changes in the neutrophils
count in blood samples recovered from the model control
animals and treatment groups (Figure 3).
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Fig. 2: Effect of treatments on neutrophils. Values shown
are the mean±S.E.M. (n=6). @p< 0.05 compared to the non-
sensitized control. ∗p<0.05, compared to the OVA (ovalbumin)-
sensitized vehicle-treated model control, #p<0.05 compared to the
dexamethasone treated, $p<0.05 compared to the mifepristone. S=
Ovalbumin sensitized, VitD= Vitamin D, Dexa=Dexamethasone,
M= Mifepristone.

Fig. 3: Effect of treatments on monocytes. Values shown are the
mean±S.E.M. S= Ovalbumin sensitized, Vit D= Vitamin D, Dexa=
Dexamethasone, M= Mifepristone.

3.4. Effect of treatments on Lymphocytes

We did not find any significant changes in the lymphocytes
count in blood samples recovered from the model control
animals and treatment groups (Figure 4).

Fig. 4: Effect of treatments on lymphocytes. Values shown are the
mean±S.E.M. S= Ovalbumin sensitized, VitD= Vitamin D, Dexa=
Dexamethasone, M= Mifepristone.

3.5. Effect of treatments on total cell

We did not find any significant changes in the total cell count
in blood samples recovered from the model control animals
and treatment groups (Figure 5).

4. Discussion

Steroid insensitivity is major concern in severe asthmatic
patients was associated with considerably poorer quality
of life (QOL).17 Mifepristone is well known synthetic
steroid with antiglucocorticoid activity that binds so
strongly to the glucocorticoid receptors with binding affinity
approximately three times greater than dexamethasone.16 In
the present study we observed that animals pretreated with
vitamin D, combination of vitamin D and dexamethasone
decreased the production of the inflammatory cells;
eosinophils and neutrophils. However, animals pretreated
with mifepristone and received dexamethasone are unable to
suppress inflammatory cells like eosinophils and neutrophils
but those animal who were pretreated with mifepristone
and received vitamin D are able to suppress inflammatory
cells like eosinophils and neutrophils. It is clear that vitamin
D may act by other mechanism and does not involved
glucocorticoids receptor. Therefore; vitamin D may be
useful in that case who are steroid insensitive. In this
experiment we could not find any effects of treatments on
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Fig. 5: Effect of treatments on total cell. Values shown are the
mean±S.E.M. S= Ovalbumin sensitized, VitD= Vitamin D, Dexa=
Dexamethasone, M= Mifepristone.

inflammatory cells like lymphocytes and monocytes. This
may be due to short study period of experiments or may be
biological or environmental variations in animals.

5. Conclusion

Vitamin D does not involved glucocorticoids receptor
and may be played a significant role in glucocorticoids
insensitive patients.
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