Avicenna Journal of Pharmaceutical Research

Avicenna ] Pharm Res 2023;4(2)50-54. doi:10.34172/ajpr.1085

http://ajpr.umsha.ac.ir

Original Article ®

updates

Calcitriol Attenuates the Serum Level of Inflammatory
Biomarkers in Ischemic Stroke Patients

Mahdi Mahanpour', Sara Ataei' =, Maryam Etminani Esfahani', Salman Khazaei’?, Mojtaba Khazaei*"

'Department of Clinical Pharmacy and Services, School of Pharmacy, Hamadan University of Medical Science, Hamadan, Iran
’Department of Epidemiology, School of PublicHealth, Hamadan University of Medical Sciences, Hamadan, Iran
*Department of Neurology, School of Medicine, Sina (Farshchian) Educational and Medical Center, Hamadan University of
Medical Sciences, Hamadan, Iran

Article history:

Received: May 1, 2023

Revised: May 12, 2023
Accepted: August 31, 2023
ePublished: September 23, 2023

Abstract

Background: Inflammation is considered a highly important factor in the pathophysiology of
ischemic stroke. Considering the neuroprotective and anti-inflammatory effects of calcitriol, its
administration can be effective in reducing inflammation and ischemic stroke. Thus, this study
amid to evaluate the modulatory effects of calcitriol on post-ischemic stroke inflammatory
response.

Methods: This retrospective cohort study investigated 41 subjects who were diagnosed with
acute ischemic stroke and were admitted to the neurology ward in the first 24 hours after the
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stroke. The exprimental group was given 1 pg/day calcitriol for 3 consecutive days. C-reactive
protein (CRP) and erythrocyte sedimentation rate (ESR) were measured after taking blood samples
immediately upon admission and after 72 hours.
Results: Our results revealed that CPR and ESR values were elevated after an ischemic stroke,
[m] 7% ] while calcitriol could significantly (P<0.05) diminish the ESR value after 72 hours.
: Conclusion: Probably, due to its anti-inflammatory properties, calcitriol acts as protective reagent
& to reduce inflammation after ischemic stroke.
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Introduction

As an acute neurological injury, stroke is caused by
obstructed blood flow due to the blockage or rupture
of an artery (1). The second main reason for death is
stroke worldwide, which occurs once every 5 seconds
(2). Generally, stroke is classified into ischemic and
hemorrhagic types (3). As the most common type of
stroke (up to 87%), ischemic stroke occurs due to the
blood clotting or reduction of oxygen-rich blood supply
to the brain (4).

In contrast, hemorrhagic stroke occurs when a blood
vessel ruptures or bursts in or around the brain (5). There
is another type of stroke that is temporary. It is called “a
transient ischaemic attack” (TIA) and is also known as
a mini-stroke (6). The symptoms of TIA last for a short
time, and it happens because of the temporary blockage or
rupture of a vessel in the brain.

Inflammation cascade is immediately activated after
the occurrence of cerebral ischemia (7). In this regard,
C-reactive protein (CRP) is well-known as one of the
best reliable biomarkers of inflammation in humans,

rising dramatically due to any type of inflammation (8).
Moreover, the erythrocyte sedimentation rate (ESR) or
Sed rate is considered a blood test to reveal inflammatory
activities in the body and is helpful in the diagnosis or
monitoring of the progress of the inflammatory disease
(9). Several studies indicated that CRP and ESR values
were increased in ischemic stroke patients (9, 10).

Although the non-contrast cranial computed
tomography (CT) scan of the head is used for the
identification of acute ischemic stroke, magnetic resonance
imaging is more sensitive than a CT scan (11). To date, the
primary ischemic stroke therapy is the administration of
intravenous recombinant tissue plasminogen activator (IV
r-tPA) to 4.5 hours (12). However, there is an association
between vitamin D serum level and the reduction of
stroke risk, and this issue has gained attention in the last
decades (13, 14).

Astheactive form of vitamin D, calcitriol (1,25-dihydroxy
vitamin D3) plays a crucial role in regulating calcium and
phosphorus homeostasis. In addition, its serum levels
are associated with the severity, prognosis, and reduction
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of stroke (15). Notably, calcitriol regulates the immune
system and production of pro-inflammatory cytokines in
the brain by binding to a specific receptor (16, 17). Meta-
analysis studies revealed that high serum levels of calcitriol
had an anti-flammatory effect on stroke occurrence
(18), while low serum levels of calcitriol were associated
with a 2.5-fold increase in acute ischemic stroke (19).
Moreover, one study investigated the benefits of vitamin
D3 supplementation in improving outcomes in ischemic
stroke patients (20).

However, this retrospective cohort study aims to evaluate
the modulatory effects of calcitriol supplementation in
inflammation improvement in ischemic stroke patients.

Materials and Methods

Study Design

This two-center retrospective cohort study assessed
the effect of calcitriol supplementation on reducing
inflammation biomarkers in ischemic stroke patients
admitted to the neurology ward in the first 24 hours after
the stroke in Shahid Beheshti Hospital and Farshchian-Sina
Hospital (Hamadan, Iran) from May 2021 to September
2022. Ischemic stroke was diagnosed by a specialist based
on CT scan imaging. This study was approved by the
Ethics Committee of Hamadan University of Medical
Sciences (ethical code IR-UMSHA.REC.1397.136).

Inclusion and Exclusion Criteria

Overall, 78 patients were diagnosed with stroke to
participate in this study. The inclusion criteria were
age above 18 years old, admission within 24 hours of
symptom onset, and diagnosed stroke confirmed by the
CT scan and magnetic resonance imaging. Patients were
excluded if they had chronic intracerebral hemorrhage,
were treated with immunosuppressive medicine, showed
an unwillingness to participate in the study, suffered from
cognitive or behavioral disorders that lead to their non-
cooperation, or were pregnant or lactating women.

Data Sampling

Written informed consent was obtained from all
participants with the approval by their specialist after a
thorough explanation of the study’s aims and protocol.
Then, demographic, laboratory, and clinical data were
gathered from the patients files and the questionnaire
form. A total of 41 patients were selected and randomly
divided into the control and intervention groups. The
intervention group received 1 pg/day of calcitriol for 3
consecutive days. A blood sample (3 mL) was taken from
each patient prior to any treatment (within 24 hours of
symptom onset) and again after calcitriol treatment.

C-Reactive Protein and Erythrocyte Sedimentation Rate
Assay Methods

To measure CRP and ESR values in patients, the turbid-
metric immunoassay of serum CRP was performed using
the Mindray BS-800 automated biochemistry analyzer
(Shenzhen Mindray Bio-Medical Electronics, China) and

The effect of calcitriol on ESR and CRP

the ESR analyzer (ParsianTeb, Iran), respectively. The CRP
and ESR results were expressed as ug/mL and mm/hour,
respectively.

Statistical Analysis

Statistical analyses were performed using SPSS, version
21.0 (IBM Inc., Armonk, NY, USA). The normality of the
variables was checked using the Kolmogorov-Smirnov
test. Moreover, continuous and categorical data were
expressed as means + standard deviations (SD), as well as
numbers and percentages, respectively. The two groups
with normal and non-normal distribution were compared
using an independent t-test and Mann-Whitney test,
respectively, and P<0.05 was considered statistically
significant.

Results

Demographic and Clinical Characteristics

Based on the inclusion and exclusion criteria, 41 patients
were enrolled in this study. The demographic and clinical
characteristics of all patients are reported in Table 1.
Changes in age, gender, and comorbidities were not
significant (P<0.05). The mean age of the control and
intervention patients were 67.7+2.28 and 68.9+3.05,
respectively. In addition, there were 11 (52.38%) males
and 10 (47.61%) females in the control group, as well as
12 (60%) males and 10 (40%) females in the intervention
group. The comorbidities results revealed that most male
(58.06%) and female (51.72%) patients had hypertension
(HTN). The other comorbidities of patients are
listed in Table 1.

C-Reactive Protein and Erythrocyte Sedimentation
Rate Values

Table 2 presents the CRP and ESR variations in patients. As
the best reliable biomarkers of inflammation in humans,
CRP value decreased after calcitriol supplementation (1
ug/day) for 72 hours in the intervention group but this
reduction was not significant as compared to the control
group (P<0.05). Moreover, the number of patients who
received calcitriol supplementation had a lower ESR
value in comparison to the control group (P<0.05).
However, the mean’s differences of CRP and ESR between
before treatment and after treatment with calcitriol was

Table 1. Demographic and Clinical Data of the 41 Patients

Categorical Variables  Control (n=21) Intervention (n=20) P-Value

Age (years, mean+SD) 67.7+2.28 68.9+3.05 >0.05
Gender, N (%)
Male 11 (52.38) 12 (60) >0.05
Female 10 (47.61) 8 (40)
Comorbidities, N (%)

18 (58.06) 15 (51.72)
Hypertension
Diabetes 7 (22.58) 4(13.79) >0.05
Coronary artery disease 4(12.9) 6 (20.68)
Other diseases

2 (6.45) 4 (13.79)

Note. SD: Standard deviation.
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Table 2. CRP and ESR Values of the 41 Patients

Biomarker Control (n=21) Intervention (n=20) P-Value

CRP (mean+SD)

Before treatment 23.81+6.35 28.4+7.44 0.042
After 72 hours of 36.86+5.37 23+6.24 0.064
calcitriol treatment
Mean difference 13.05+3.39 -5.4+8.78 0.05
ESR (mean +SD)
Before treatment 39.86+6.94 30.50+4.85 0.32
After 72 h f

ter 72 hours o 46+5.75 20.95+3.64 0.008
calcitriol treatment
Mean difference 9.26+0.68 -7.51+9.7 0.04

Note. CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; SD:
Standard deviation.

significant (P<0.05).

Discussion

Our findings demonstrated that ischemic stroke mostly
happens in elderly people, and HTN can be one of
the important risk factors for the etiology of stroke
(21, 22). Notably, the modulatory effects of calcitriol
supplementation on inflammation in ischemic stroke
patients revealed that calcitriol reduced the CRP and
ESR values. However, a few clinical studies have so far
evaluated the positive and promising effects of calcitriol
supplementation on ischemic stroke outcomes (23).

It has been reported that age and HTN are the two
greatest risk factors for ischemic stroke (24, 25). Aging has
been accepted to be associated with an increased secretion
of pro-inflammatory cytokines, such as interleukin 10 and
interleukin 6 (26). Moreover, as a modifiable risk factor,
HTN plays a crucial role in increasing the incidence of
stroke and worsening the outcomes (27). Additionally,
patients with HTN have a larger infraction, blood-brain
barrier disruption, vascular wall damage, and more
susceptibility to cerebral small vessel diseases, leading to
cognitive deficits and lacunar stroke (28, 29).

In this regard, Zhu et al found that the mean age of acute
ischemic stroke patients was above 60 years old, 73% of
patients were men, and 92.4% of patients had HTN (11).
In addition, Wang et al concluded that patients with acute
ischemic stroke had a mean age well above 60 years old,
and 62.7% of 51 patients had HTN (30). These findings
potentially confirmed that the effects of age and HTN are
associated with an increase in the incidence of stroke and
worsen outcomes.

CRP is highly related to inflammation, and its elevation
levels in ischemic stroke are a reliable biomarker in
prognosis. The level of CRP in the healthiest adults is less
than 0.3 mg/dL, and 1.0-10 mg/dL is related to systemic
inflammation (31). Our results confirmed that CRP levels
in the control and intervention group were about 2.38 mg/
dL and 2.84 mg/dL, respectively, displaying a moderate
risk of stroke.

As an indirect biomarker of inflammation, ESR was
increased in ischemic stroke patients. The ESR values
in healthy men and women is less than 15 (mm/h) and
20 (mm/h), respectively (32). It has been reported that

inflammation leads to coagulant activation, and the
elevation of the ESR levels can be related to atherosclerosis
and lacunar stroke (33).

Based on the Trial of Org 101072 in Acute Stroke
Treatment classification, large artery atherosclerosis is the
main mechanisms of ischemic stroke (34). In this study, it
seems that the CRP and ESR levels elevation may be due
to the increased frequency of large-artery atherosclerosis
in ischemic stroke patients. Similarly, several clinical
studies indicated that the CRP and ESR values increased
in ischemic stroke patients (35-37).

Calcitriol supplementation for three consecutive days at
1 ug/kg led to a decrease in the CRP and ESR values, but
this decline was only significant at the ESR level in the
intervention group. Several studies showed that calcitriol
has neuroprotective, antioxidant, anti-inflammatory, anti-
apoptotic, and anticoagulant properties (38, 39). It has been
reported that most ischemic stroke patient has vitamin D3
insufficiency (40). Hence, treating vitamin D3 deficiency or
insufficiency can reduce the risk of stroke (41).

Although the exact molecular mechanism of calcitriol
modulatory effects in ischemic stroke has not been
tully elucidated, the possible neuroprotective effects of
calcitriol in ischemic stroke are the reduction of glutamate
release, reduction of pro-inflammatory cytokines and
chemokines, improvement of antioxidant defense system
(e.g., superoxide dismutase, glutathione peroxidase), and
up-regulation of neurotropic factors (42-45). Therefore,
the reduction of inflammatory cytokines production leads
to the attenuation of CRP and ESR values after calcitriol
supplementation.

This study had some limitations, such as the small
number of participants and measurement of the
serum levels of vitamin D. In addition, due to financial
constrictions, it was impossible to assess pro-inflammatory
cytokines. Therefore, it is recommended that further
studies evaluate the serum level of vitamin D and pro-
inflammatory cytokines. Despite these limitations, our
results confirmed a positive association between calcitriol
supplementation and reduction of inflammation in
patients with ischemic stroke.

Conclusion

Opverall, evaluating the effects of calcitriol supplementation
on the serum level of inflammatory biomarkers in three
days revealed that calcitriol has a positive effect on the
treatment of stroke through its neuroprotective and anti-
inflammatory effects, which was proven by the reduction
of inflammatory factors ESR and CRP. However, calcitriol
can be recommended as a therapeutic reagent for
preventing or treating ischemic stroke.
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