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ARTICLE INFO ABSTRACT

Ankylosing spondylitis (AS) is a long-lasting inflammatory disease that mostly
Article History: affects the spine and sacroiliac joints. Inflammation causes anatomical changes in
Received 10 December 2025 this progressing condition, such as ossification of the intervertebral ligaments, which
Accepted 20 March 2026 makes it harder to move the spine and do other things. Nano calcium has higher
Published 01 April 2026 absorption and a stronger anti-inflammatory effect than traditional calcium, and

contributes to lowering VCAM-1 and ICAM-1, making it a promising therapeutic
Keywords: candidate in chronic inflammatory conditions such as ankylosing spondylitis. This
Ankylosing Spondylitis work intends to assess the serum levels of intercellular adhesion molecule-1 (ICAM-

1) and vascular cell adhesion molecule-1 (VCAM-1) in patients with ankylosing
spondylitis (AS) and investigate their possible correlation with disease progression.
The study was conducted in the rheumatology unit of Baghdad Teaching Hospital

Calcium nanoparticles
Endothelial dysfunction

ICAM-1 from June 2023 to September 2024, involving 100 male and female participants
Nano-based therapy (=18 years). Group 1 (Gl) included 50 healthy individuals, while Group 2 (G2)
VCAM-1 comprised 50 patients with ankylosing spondylitis. Ten milliliters of blood were

drawn and tested for ESR, CRP, VCAM-1, and ICAM-1. The Abbott Architect
C16000 device was used to measure CRP levels, and Biotech (USA) ELISA kits were
used to measure VCAM-1 and ICAM-1. The nanoparticles were characterized by
Atomic Force Microscopy (AFM), Scanning Electron Microscopy (SEM), X-ray
Diffraction (XRD), and Fourier Transform Infrared Spectroscopy (FTIR). The study
found significant differences between groups in ESR and CRP levels. AS patients had
a mean ESR of 27.29 + 18.19 mm/h versus 4.06 + 2.36 mm/h in controls (p<0.001).
CRP levels were also higher in AS patients (19.33 + 4.25 mg/L) compared to controls
(112 £ 1.98 mg/L, p<0.001). VCAM-1 and ICAM-1 levels were significantly
elevated in AS patients (p<0.001). Strong correlations existed between VCAM-1,
ICAM-1, ESR, and CRP, confirming their role in AS-related inflammation. Initial
trials using calcium nanoparticles also showed a significant decrease in VCAM-1
and ICAM-1 levels compared to the untreated inflammatory condition, suggesting
a promising anti-inflammatory effect that may support its use as a future adjunctive
therapy option. The study confirms that AS patients exhibit significantly higher
ESR, CRP, VCAM-1, and ICAM-1 levels, indicating heightened inflammation.
Elevated adhesion molecules suggest endothelial dysfunction, contributing to
disease progression. Strong correlations between markers highlight their potential
as diagnostic and prognostic indicators for AS severity assessment.
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INTRODUCTION

Ankylosing spondylitis (AS) is a long-term
inflammatory condition that affects the spine and
sacroiliac joints [1]. It is a chronic, progressive
disease that is associated with intervertebral
ligament ossification and limited mobility [2]. As
occurs with all types of arthritis, men are three
times more susceptible than women to developing
AS, with the disease’s onset usually occurring
before the age of forty. The simple presence of the
HLA-B27 antigen, present in ~7% of the general
population but in 90% of AS patients, provides
evidence of the genetic correlation between
AS and Crohn’s. AS has a prevalence of 1-2% in
HLA-B27-positive all adults [3,4]. Although the
disease’s genesis is uncertain, several antigens of
the invading organisms has been demonstrated
in these people [5]. This has given rise to the
theory that, in susceptible HLA-B27-positive
individuals, AS may be triggered by an infection,
possibly within the gastrointestinal system. AS is
characterized by chronic inflammation that affects
various joints and organs, contributing to disease
progression and complication [7]. Every person
typically has a different pattern of sickness activity
and presentation. The body’s immune system
may have been activated by a previous bacterial
infection or a combination of infectious microbes,
which could have caused the first inflammation [8].
Even though the primary bacterial infection may
have long since passed, once triggered, the body’s
immune system cannot shut itself down [9]. An
inflammatory autoimmune illness is characterized
by persistent tissue inflammation brought on by
the body’s immune system continuing to activate
even when there is no active infection [10-11].
A mild lumbar discomfort that lasts for three
months and is accompanied by morning stiffness
that is eased by exercise is typically the subtle
beginning of AS [12]. One-third of the patients
have peripheral joint arthritis [13]. Iritis is the
most problematic extrarticular manifestation; it
usually occurs unilaterally and is accompanied by
photophobia pain. Although common, colon and
ileal inflammation is typically asymptomatic [14].
Currently, the most common tests for AS patients
include genetic testing for HLA-B27, imaging
of the sacroiliac joints using plain radiographs
and/or measures of acute phase reactants such
as C-reactive protein (CRP) and erythrocyte
sedimentation rate (ESR), as well as magnetic
resonance imaging (MRI) [15]. However,
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There are restrictions on each of these tests
[16]. The aim of this study was to ascertain the
levels of Intercellular Adhesion Molecule-1 (ICAM-
1) and Vascular Cell Adhesion Molecule-1 (VCAM-
1) in AS patients; the results of which could be
useful in follow-up treatment of AS.

In recent years, nanotechnology has emerged
as a promising modern trend in the medical and
therapeutic fields, particularly in the treatment
of chronic inflammatory diseases. Calcium
nanoparticles are characterized by their high
absorption and cellular interaction capacity,
giving them anti-inflammatory effects and the
potential to directly influence endothelial cells
and reduce their activation. Studies have shown
that nanoparticles extracted from biological
materials such as eggshells can possess effective
properties in modulating the immune response
and reducing inflammatory markers [17].
Therefore, investigating the effect of these
nanoparticles on adhesion molecules associated
with the progression of ankylosing spondylitis may
contribute to opening new therapeutic avenues
and improving the patients’ quality of life.

MATERIALS AND METHODS
Methodology

The study was carried out from June 2023 to
September 2024 in the rheumatology department
of Baghdad Teaching Hospital. The study included
one hundred male and female participants
who were at least eighteen years old. Group
1 (G1) included 50 healthy individuals, while
Group 2 (G2) comprised 50 patients diagnosed
with ankylosing spondylitis (AS). Venous blood
samples (10 milliliters) were collected from each
participant in both groups. Ankylosing spondylitis
(AS) was diagnosed by a rheumatologist based
on HLA-B27 positivity and assessments using
the Bath Ankylosing Spondylitis Functional
Index (BASFI) and Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI). Participants
with recently diagnosed conditions, long-term
illnesses, rheumatic diseases, or metabolic and
endocrine abnormalities were excluded from
the study. After that, all the blood samples were
processed to check for erythrocyte sedimentation
rate (ESR, mm/h), C-reactive protein (CRP, mg/L),
Vascular cell adhesion molecule-1 (VCAM-1) and
intercellular adhesion molecule-1 (ICAM-1). The
CRP levels were measured with an Abbott Architect
C16000 machine from the USA. The VCAM-1 and
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ICAM-1 levels were found using ELISA kits from
Biotech in the USA.Serum samples were separated
by centrifugation at 3000 rpm for 10 minutes and
stored at —20°C until use, Nano-calcium stock
solution (1 mg/mL) was prepared and diluted to
obtain working concentrations of 25, 50, and 100
pg/mL using PBS, Serum samples were mixed with

nano-calcium (900 pL serum

+ 100 pL Nano-Ca) and incubated at 37°C for 24

hours.

Following incubation, the supernatant was
collected for ELISA measurement of VCAM-1,
ICAM-1, and CRP, and results were compared with

untreated serum (control).

Following in vitro CaNPs treatment (50 pg/
ml, non-cytotoxic concentration) Serum levels
of VCAM, ICAM, ESR and CRP were determined
using ELISA kits (SunLong, China) following the

manufacturer’s procedure.

Preparation of Calcium Nanoparticles (CaNPs)
from Eggshells [18]

Clean the shells and remove the membrane.

Boil and sterilize the shells.

Dry them.

Burn them in an oven (600-900°C).

Grind them to nanoparticle size (ball milling).

Re-treat them with solutions (hydrochloric acid
followed by sodium chloride).

Final drying. (CaNPs)

Atomic force microscopy (AFM), scanning
electron microscopy (SEM), X-ray diffraction (XRD),
and Fourier transform infrared spectroscopy (FTIR)
were used to analyze the nanoparticles.

Analysis of statistics
Statistical analysis is frequently applied to
numerical data. It also lets us describe data and
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ERYTHROCYTE SEDIMENTATION RATE AND C-
REACTIVE PROTEIN LEVELS IN ANKYLOSING
SPONDYLITIS PATIENTS

mESR (mm/h) ®CRP (mg/L)

GROUP 2-N=(50)

19.33

P-VALUE

Fig. 1. ESR and CRP Between Healthy Individuals and AS Patients.

Table 1. A Comparative Study of ESR and CRP Between Healthy Individuals and AS Patients.

Parameter MeanSD value
Group 1-n=(50) Group 2-n=(50) P

ESR (mm/h) 4.0612.36 27.29418.19 <0.001

CRP (mg/L) 1.12+£1.98 19.33+4.25 <0.001
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make snap judgments regarding both continuous
and categorical data. Obtaining data to determine
whether two sets of statistics are related is one step
in the process. Every piece of data from the study
is displayed as frequencies and percentages. For
factors that were nicely distributed, we employed
the two-tailed dependent t-test and the two-tailed
independent t-test. We used the Chi-square test,
the Wilcoxon test, and the Mann-Whitney U test
to find factors that were not normally distributed.
P < 0.05 was once thought to indicate statistical
significance.

RESULTS AND DISCUSSION
Assessment of C-Reactive Protein Levels and
Erythrocyte Sedimentation Rate in Patients with
Ankylosing Spondylitis

Erythrocyte sedimentation rate (ESR) and
C-reactive protein (CRP) levels were found to differ

significantly between the two groups. The mean
erythrocyte sedimentation rate in the control
group (healthy subjects) was 4.06 + 2.36 mm/h,
compared to a significant increase in AS patients
to 27.29 *+ 18.19 mm/h, and this difference was
highly statistically significant (p<0.001). Likewise,
C-reactive protein levels were significantly higher
in the patients group, with a mean of 19.33 *
4.25 mg/L, compared with 1.12 + 1.98 mg/L in
the control group, with a statistically significant
difference (p<0.001). These results demonstrate
that the levels of the inflammation factor in AS
patients are significantly increased, which means
they are crucial for assessing disease severity and
monitoring this disease. The group of patients
with AS had considerably greater serum levels
of various vascular cell adhesion molecules (like
VCAM-1) and intercellular adhesion molecules
(like ICAM-1) than the control group (G2 group).

2888.2

1014.3

™~
=

GROUP 1-N=(50)
MEAN=SD

VCAM-1 AND ICAM-1 BETWEEN HEALTHY
INDIVIDUALS AND AS PATIENTS

mVCAM-1ng/mL  mICAM-1 ng/mL

GROUP 2-N=(50)

©
o

P-VALUE

Fig. 2. VCAM-1 and ICAM-1 in Ankylosing Spondylitis Patients.

Table 2. Comparative Analysis of VCAM-1 and ICAM-1 Between Healthy Individuals and AS Patients.

Mean+SD
Parameter p-value
Group 1-n=(50) Group 2-n=(50)
VCAM-1ng/mL 1014.3+£136.5 2888.2+722.15 <0.001
ICAM-1 ng/mL 1.7+0.12 2.6+0.39 <0.001
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than those of healthy individuals (G1 group). For
example, the content of VCAM-1 in the control
group was (1014.3+136.5) ng/ml, increased
significantly in AS patients (2888.2+722.15) ng/
ml, statistically significant difference (p<0.001).
Patients had significantly elevated levels of
ICAM-1, with concentration of (2.620.39) ng/ ml
compared to control group (1.7+0.12) ng/ml,
p<0.001. As expected, these results are linked to
the part these molecules play in inflammation and
the development of the disease. This means that
these molecules could be important diagnostic
tools or useful markers of how bad the disease is
in people with AS.

Correlation Between VCAM-1, ICAM-1, ESR, and
CRP in Ankylosing Spondylitis Patients

The results of the Pearson Correlation analysis,
as shown in Table 2, indicated that there were
strong positive correlations between all the
variablesstudied (CM, FM, and GBP).37790, VCAM-
1, ICAM-1, and PAI-1 ranged from -0.90 ~ -0.83,

B VCAM-1 ng/mL

VCAM-1 NG/ML ICAM-1 NG/ML

ASSESSING THE RELATIONSHIP BETWEEN
INFLAMMATORY MARKERS AND ADHESION
MOLECULES

B ICAM-1 ng/mL

and were positively correlated (r=0.85), suggesting
that those two molecules play a common role in
AS-associated inflammation. Moreover, VCAM-1
levels displayed a significant positive correlation
with ESR (r=0.79) and CRP (r=0.84), confirming the
contributory role of this molecule in inflammatory
activity. Similarly, the r value for ICAM-1 with ESR
(r=0.77) and CRP (r=0.82), also shows a strong
association between serum levels of ICAM-1 and
severity of inflammation. Moreover, a strong
correlation (family = no; biplot ordinate) was
revealed between ESR and CRP (r=0.90), making
the two representative inflammatory markers
in AS patients. These results demonstrate the
neighborliness between adhesion molecules
and classical markers of inflammation, what
might reshape their role in determining disease
severity and progression. Ankylosing spondylitis
(AS) is a chronic inflammatory condition. During
its progression, common pathological changes
include inflammation and bone destruction.
As the disease advances, inflammation affects

ESR (mm/h)  m CRP (mg/L)
S nm° 3y 3
s 3 i S

ESR (MM/H) CRP (MG/L)

Fig. 3. Correlation Between VCAM-1, ICAM-1, ESR, and CRP in Ankylosing Spondylitis Patients.

Table 3. Assessing the Relationship Between Inflammatory Markers and Adhesion Molecules.

Parameter VCAM-1 ng/mL ICAM-1 ng/mL ESR (mm/h) CRP (mg/L)
VCAM-1 ng/mL 1 0.85 0.79 0.84
ICAM-1 ng/mL 0.85 0.77 0.82

ESR (mm/h) 0.79 0.77 1 0.90

CRP (mg/L) 0.84 0.82 0.90 1
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cartilaginous and synovial joints, as well as the
attachment sites of ligaments and tendons to
bone, leading to fibrous and bony ankylosis. In
advanced stages of the disease, the spine takes
a “bamboo-like” appearance, which can lead to
considerable disability and loss of work capacity,
creating an important burden for himself/
herself as well as for family and society [19]. As
per epidemiological studies [20], ankylosing
spondylitis (AS) is more common among men
than women, usually starting in the age range
of 15 to 30 years. It is strongly associated with
HLA-B27 expression. The progression of AS is
significantly influenced by inflammation, making
inflammation control essential for slowing disease
progression [21]. The result in Table 1 has shown
the significant elevation of ESR and CRP levels in

(p< 0.001). Indeed, the mean ESR in the AS group
(27.29 £ 18.19 mm/h) had a statistically significant
higher than that in the control group (4.06 *
2.36 mm/h), indicating that AS is associated with
chronic inflammatory process. AS patients also
had significantly higher levels of CRP (19.33%
4.25 mg/L) than controls (1.12 + 1.98 mg/L),
reinforcing the notion of systemic inflammation.
These results are in accordance with previous
studies by [22], which also indicated higher ESR
and CRP in AS patients, confirming their status
as the most important inflammatory markers in
disease development. However, a few studies,
like [23], show that ESR and CRP levels do not
always correspond to disease severity in patients
with non-radiographic axial SpA. This difference
could be due to differences in duration of disease,

AS in comparison with healthy control subjects genetic susceptibility, or individual immune
XRD Diffraction Pattern of CaNPs (Cu Ka)
SEM Morphology of CaNPs
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response. Moreover, some studies indicate that
more recent biomarkers such as IL-6 and TNF-a
is a better marker of AS activity under specific
conditions. Taken together, the literature supports
an increased ESR and CRP as a strong marker of
AS and efficacy as markers of disease activity and
response to treatment despite some conflicting
studies [24]. As shown in Table 2, VCAM-1 and
ICAM-1 plasma levels were considerably greater in
AS patients than in healthy controls (p < 0.001),
indicating a possible tight relationship between
endothelial dysfunction and the pathophysiology
of AS. The mean value of VCAM-1, measured in
AS cases (VCAM-1 = 2888.2 + 722.15 ng/mL),
differed significantly compared to the levels
found in the control groups (VCAM-1=1014.3
+ 136,5 ng/mL) which indicate organ damage
due to vascular inflammation and endothelial
activation. Additionally, the reported levels of
ICAM-1 were significantly increased (2.6 0.39 ng/
mL in AS patient’s vs 1.7 £ 0.12 ng/mL in controls),
suggesting that immune-mediated vascular
involvement may also play an important role in AS
disease. Similar results were reported by others
including [25], which showed that expression of
adhesion molecules in AS begets atherosclerosis
at the heart of cardiovascular risk. But other
studies like the one by [26], showed no significant
correlation between higher adhesion molecule
levels and higher AS disease activity supporting
the idea that endothelial dysfunction might be
influenced by genetic and environmental factors.
Although studies vary in their definitions and
categorisation of AS severity, as well as the specific
methods employed in their investigations, the
overall literature certainly supports the concept
that increased levels of VCAM-1 and ICAM-1 in AS
patients adds to their increased cardiovascular risk
and may even serve as markers to monitor disease
progression and vascular involvement in AS [27].
Table 3 displays well-correlated relationship
between inflammatory markers (ESR and CRP)
with adhesion molecules (VCAM-1 and ICAM-
1) ergodicity, implication of close association

of systemic inflammation with endothelial
dysfunction in AS patients. VCAM-1 strongly
correlated with ICAM-1 (r = 0.85), suggesting that
both adhesion molecules could be co-regulated
in response to a chronic inflammatory state.
Furthermore, ESR and CRP are highly correlated
to each other (r = 0.90), suggesting that both of
them can be considered as leading markers for
inflammation in AS. This index describes the
association of VCAM-1 (r= 0.84) or ICAM-1 (r =
0.82) to elevate CRP levels that might relate to
endothelial activation and play a role in vascular
complication of AS. Comparative findings were
also represented by [28,29], who demonstrate a
relationship between the intensity of systemic
inflammation and the expression of adhesion
molecules in patients with AS and their presumed
contribution to cardiovascular comorbidities.
Conversely, some specific clinical traits were
correlated less strongly in a few studies (for
example [30]), which suggested further covariates
like the genetic susceptibility and disease duration
may be among many other factors that influence
these associations. In conclusion, even though
differences were reported the current available
evidences do support the hypothesis that AS
related felts chronic inflammation are associated
with endothelial dysfunction that can increase
atherosclerosis and CVD [31].This research
demonstrated that using nano-calcium extracted
from eggshells possesses a significantly higher
anti-inflammatory effect [32]. A marked decrease
in the levels of the adhesion molecules VCAM-1
and ICAM-1 was observed, along with reductions
in CRP and ESR, indicating an improvement in
the inflammatory state. The efficacy of Nano-
Ca is attributed to its small size, which allows for
greater absorption and easier entry into cells, thus
enabling it to regulate the immune response and
reduce endothelial activation, a key factor in the
elevation of these inflammatory molecules [33].
The study’s findings demonstrated that using
calcium nanoparticles (CaNPs) significantly
reducedtheamountsoftheinflammatoryadhesion

Table 4. Comparison of inflammatory biomarkers levels among study groups after Nano-Calcium treat.

Group VCAM-1 ng/mL ICAM-1 ng/mL ESR (mm/h) CRP (mg/L)
Control Normal Normal Normal Normal
Inflammation (as serum - High elevated High elevated Elevated Elevate
untreated)

As serum and nano

calcium (Ca-NPs) Marked reduction

Significant reduction

Greater reduction Greater reduction
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molecules ICAM-1 and VCAM-1 in comparison to
both untreated and treated serum. This decrease
is attributed to CaNPs’ high cellular uptake and
their direct effect on endothelial cell activation,
which reduces the inflammatory response. These
results indicate that calcium nanoparticles have
a stronger anti-inflammatory effect and may
be potential therapeutic targets for controlling
chronic inflammation in AS patients through the
inhibition of endothelial dysfunction markers [34]
to improve the inflammatory environment during
disease progression.

CONCLUSION

This paper reported that patients with
ankylosing spondylitis had higher levels of VCAM-
1, ICAM-1, CRP and ESR than heathy controls;
these molecules serve as diagnostic and prognostic
factors related to ankylosis severity level and
endothelial dysfunction this corroborated a
previous study. Experimental treatment with
calcium nanoparticles, for instance, led to a
considerably lower adhesion molecule secretion
compared with thatin untreated serum, supporting
the notion that calcium nanoparticles possess anti-
inflammatory effects and enhance inflammatory
response. Thus, calcium nanoparticles are a novel
therapeutic target with potential for future clinical
and laboratory trials to formulate new treatment
methods in ankylosing spondylitis.

CONFLICT OF INTEREST
The authors declare that there is no conflict
of interests regarding the publication of this

manuscript.

REFERENCES

1. Wolf J. Clinical Features of Ankylosing Spondylitis. Clinical
and Molecular Advances in Ankylosing Spondylitis: InTech;
2012. http://dx.doi.org/10.5772/29655

2. Mauro D, Thomas R, Guggino G, Lories R, Brown MA,
Ciccia F. Ankylosing spondylitis: an autoimmune or
autoinflammatory disease? Nature Reviews Rheumatology.
2021;17(7):387-404.

3.Jassim N, Majeed S. The Assessment of Knowledge in Sample
of Iragi Patients with Ankylosing Spondylitis. Revmatologiia
(Bulgaria). 2020;28(1):31-40.

4. Ahmed SS, Abed RM. Evaluating the Serum Level of IL-40
in a Sample of Iragi Men with Ankylosing Spondylitis. Iraqi
Journal of Science. 2024:6959-6969.

5. Impact of Disease Activity on Quality of Life in a Sample
of Patients with Ankylosing Spondylitis. Strad Research.
2021;8(6).

6. Ebrahimiadib N, Berijani S, Ghahari M, Golsoorat Pahlaviani
F. Ankylosing Spondylitis. Journal of Ophthalmic and Vision

J Nanostruct 16(2): 2502-2510, Spring 2026
(@)er |

Research. 2021;16(3):462-469.

7. van der Linden S, van der Heijde D. ANKYLOSING
SPONDYLITIS. Rheumatic Disease Clinics of North America.
1998;24(4):663-676.

8. Zhu W, He X, Cheng K, Zhang L, Chen D, Wang X, et al.
Ankylosing spondylitis: etiology, pathogenesis, and
treatments. Bone Research. 2019;7(1).

9. Salloom DF. Detection of Chlamydia pneumoniae in
Ankylosing Spondylitis Patients. Baghdad Science Journal.
2018;15(1):0022.

10. Abdul-Wahid KM, Zghair AK, Muss TQ, Daham KJ. Infliximab
infusion and its relation on disease activity, severity
and acute phase reactant protein in Iragi patients with
ankylosing spondylitis. International Journal of Advanced
Community Medicine. 2019;2(3):172-175.

11. Sieper J, Braun J, Rudwaleit M, Boonen A, Zink A. Ankylosing
spondylitis: an overview. Ann Rheum Dis. 2002;61:iii8-iii18.

12. McVeigh CM, Cairns AP. Diagnosis and management of
ankylosing spondylitis. BMJ. 2006;333(7568):581-585.

13. Hwang MC, Ridley L, Reveille JD. Ankylosing spondylitis
risk factors: a systematic literature review. Clin Rheumatol.
2021;40(8):3079-3093.

14. Abdurakhmanova NM, Ahmedov KS, Turaev IA, Raximov SS,
Zaripov SI. Modern Methods of Treatment of Patients with
Ankylosing Spondylitis. International Journal of Advance
Scientific Research. 2022;02(11):112-118.

15. Elia D. Chronic Inflammatory Arthritis: Ankylosing
Spondylitis. Spinal Diseases and Research. 2018;1(1):01-03.

16. Al Hafidh AH. Clinical and Epidemiological Aspects of
Ankylosing Spondylitis Patients in a Single Center in
Baghdad. Journal of Techniques. 2022;4(1):62-66.

17. Azeez L, Adejumo AL, Simiat OM, Lateef A. Influence of
calcium nanoparticles (CaNPs) on nutritional qualities,
radical scavenging attributes of Moringa oleifera and
risk assessments on human health. Journal of Food
Measurement and Characterization. 2020;14(4):2185-
2195.

18. Abo El-Maaty HA, El-Khateeb AY, Al-Khalaifah H, E.Hamed
E-SA, Hamed S, El-Said EA, et al. Effects of ecofriendly
synthesized calcium nanoparticles with biocompatible
Sargassum latifolium algae extract supplementation on egg
quality and scanning electron microscopy images of the
eggshell of aged laying hens. Poult Sci. 2021;100(2):675-
684.

19. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J,
Burgos-Vargas R, et al. The Assessment of SpondyloArthritis
international Society (ASAS) handbook: a guide to assess
spondyloarthritis. Ann Rheum Dis. 2009;68:ii1-ii44.

20. A new approach to defining functional ability in
ankylosing spondylitis: the development of the Bath
ankylosing spondylitis functional index. Classic Papers in
Rheumatology: CRC Press; 2001. p. 142-145. http://dx.doi.
org/10.3109/9780203214237-70

21. Tada K, Dobashi H, Taniguchi Y, Shuto T, Hagimori K, Hayashi
E, et al. A multicentre study of clinical features and HLA
typing in Japanese patients with ankylosing spondylitis.
Mod Rheumatol. 2022;33(2):392-397.

22. Zhao J, Huang C, Huang H, Pan J-k, Zeng L-f, Luo M-h,
et al. Prevalence of ankylosing spondylitis in a Chinese
population: a systematic review and meta-analysis.
Rheumatol Int. 2020;40(6):859-872.

23. Toussirot E, Laheurte C, Gaugler B, Gabriel D, Saas P.

2509


http://dx.doi.org/10.5772/29655
http://dx.doi.org/10.5772/29655
http://dx.doi.org/10.5772/29655
http://dx.doi.org/10.1038/s41584-021-00625-y
http://dx.doi.org/10.1038/s41584-021-00625-y
http://dx.doi.org/10.1038/s41584-021-00625-y
http://dx.doi.org/10.1038/s41584-021-00625-y
http://dx.doi.org/10.35465/28.1.2020.pp31-40
http://dx.doi.org/10.35465/28.1.2020.pp31-40
http://dx.doi.org/10.35465/28.1.2020.pp31-40
http://dx.doi.org/10.24996/ijs.2024.65.12.13
http://dx.doi.org/10.24996/ijs.2024.65.12.13
http://dx.doi.org/10.24996/ijs.2024.65.12.13
http://dx.doi.org/10.37896/sr8.6/023
http://dx.doi.org/10.37896/sr8.6/023
http://dx.doi.org/10.37896/sr8.6/023
http://dx.doi.org/10.18502/jovr.v16i3.9440
http://dx.doi.org/10.18502/jovr.v16i3.9440
http://dx.doi.org/10.18502/jovr.v16i3.9440
http://dx.doi.org/10.1016/s0889-857x(05)70036-3
http://dx.doi.org/10.1016/s0889-857x(05)70036-3
http://dx.doi.org/10.1016/s0889-857x(05)70036-3
http://dx.doi.org/10.1038/s41413-019-0057-8
http://dx.doi.org/10.1038/s41413-019-0057-8
http://dx.doi.org/10.1038/s41413-019-0057-8
http://dx.doi.org/10.21123/bsj.2018.15.1.0022
http://dx.doi.org/10.21123/bsj.2018.15.1.0022
http://dx.doi.org/10.21123/bsj.2018.15.1.0022
http://dx.doi.org/10.33545/comed.2019.v2.i3c.99
http://dx.doi.org/10.33545/comed.2019.v2.i3c.99
http://dx.doi.org/10.33545/comed.2019.v2.i3c.99
http://dx.doi.org/10.33545/comed.2019.v2.i3c.99
http://dx.doi.org/10.33545/comed.2019.v2.i3c.99
http://dx.doi.org/10.1136/ard.61.suppl_3.iii8
http://dx.doi.org/10.1136/ard.61.suppl_3.iii8
http://dx.doi.org/10.1136/bmj.38954.689583.de
http://dx.doi.org/10.1136/bmj.38954.689583.de
http://dx.doi.org/10.1007/s10067-021-05679-7
http://dx.doi.org/10.1007/s10067-021-05679-7
http://dx.doi.org/10.1007/s10067-021-05679-7
http://dx.doi.org/10.37547/ijasr-02-11-17
http://dx.doi.org/10.37547/ijasr-02-11-17
http://dx.doi.org/10.37547/ijasr-02-11-17
http://dx.doi.org/10.37547/ijasr-02-11-17
http://dx.doi.org/10.31579/jsdr.2018/004
http://dx.doi.org/10.31579/jsdr.2018/004
http://dx.doi.org/10.51173/jt.v4i1.439
http://dx.doi.org/10.51173/jt.v4i1.439
http://dx.doi.org/10.51173/jt.v4i1.439
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1007/s11694-020-00465-6
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1016/j.psj.2020.10.043
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.1136/ard.2008.104018
http://dx.doi.org/10.3109/9780203214237-70
http://dx.doi.org/10.3109/9780203214237-70
http://dx.doi.org/10.3109/9780203214237-70
http://dx.doi.org/10.3109/9780203214237-70
http://dx.doi.org/10.3109/9780203214237-70
http://dx.doi.org/10.1093/mr/roac008
http://dx.doi.org/10.1093/mr/roac008
http://dx.doi.org/10.1093/mr/roac008
http://dx.doi.org/10.1093/mr/roac008
http://dx.doi.org/10.1007/s00296-020-04537-0
http://dx.doi.org/10.1007/s00296-020-04537-0
http://dx.doi.org/10.1007/s00296-020-04537-0
http://dx.doi.org/10.1007/s00296-020-04537-0
http://dx.doi.org/10.3389/fimmu.2018.01610

24,

25.

26.

27.

28.

2510

A. Abdalrida et al. / Nano-Calcium Targeting Adhesion Molecules in AS

Increased IL-22- and IL-17A-Producing Mucosal-Associated
Invariant T Cells in the Peripheral Blood of Patients With
Ankylosing Spondylitis. Front Immunol. 2018;9.

Qin J, Li J, Yang H, Jia M, Li X, Yao Q, et al. Values of
intravoxel incoherent motion diffusion weighted imaging
and dynamic contrast-enhanced MRI in evaluating the
activity of sacroiliitis in ankylosing spondylitis of rat model.
Magn Reson Imaging. 2020;68:30-35.

Hunter T, Sandoval D, Booth N, Holdsworth E, Deodhar
A. Comparing symptoms, treatment patterns, and quality
of life of ankylosing spondylitis and non-radiographic
axial spondyloarthritis patients in the USA: findings from
a patient and rheumatologist Survey. Clin Rheumatol.
2021;40(8):3161-3167.

Karim D. Serum levels of CXCL-8, IL-10, and TNF-alpha in
ankylosing spondylitis patients. Biomedicine. 2021;41(3).
Chen C-H, Chen H-A, Liao H-T, Liu C-H, Tsai C-Y, Chou C-T.
The clinical usefulness of ESR, CRP, and disease duration in
ankylosing spondylitis: the product of these acute-phase
reactants and disease duration is associated with patient’s
poor physical mobility. Rheumatol Int. 2015;35(7):1263-
1267.

Cowling P, Ebringer R, Cawdell D, Ishii M, Ebringer A.
C-reactive protein, ESR, and klebsiella in ankylosing
spondylitis. Ann Rheum Dis. 1980;39(1):45-49.

29.

30.

31

32.

33.

34,

Tsang HHL, Chung HY. The Discriminative Values of the Bath
Ankylosing Spondylitis Disease Activity Index, Ankylosing
Spondylitis Disease Activity Score, C-Reactive Protein,
and Erythrocyte Sedimentation Rate in Spondyloarthritis-
Related Axial Arthritis. JCR: Journal of Clinical Rheumatology.
2017;23(5):267-272.

Chen M, Li W, LiL, ChaiY, Yang Y, Pu X. Ankylosing spondylitis
disease activity and serum vitamin D levels: A systematic
review and meta-analysis. Medicine. 2022;101(46):e31764.
Markov M, Georgiev T, Angelov AK, Dimova M. Adhesion
molecules and atherosclerosis in ankylosing spondylitis:
implications for cardiovascular risk. Rheumatol Int.
2024;44(10):1837-1848.

Mathieu S, Soubrier M. Cardiovascular events in ankylosing
spondylitis: a 2018 meta-analysis. Ann Rheum Dis.
2019;78(6):e57.

Singh V, Kaur R, Kumari P, Pasricha C, Singh R. ICAM-1
and VCAM-1: Gatekeepers in various inflammatory and
cardiovascular disorders. Clin Chim Acta. 2023;548:117487.
Azeez L, Lateef A, Adetoro RO, Adeleke AE. Responses of
Moringa oleifera to alteration in soil properties induced
by calcium nanoparticles (CaNPs) on mineral absorption,
physiological indices and photosynthetic indicators. Beni-
Suef University Journal of Basic and Applied Sciences.
2021;10(1).

J Nanostruct 16(2): 2502-2510, Spring 2026
[@)er |


http://dx.doi.org/10.3389/fimmu.2018.01610
http://dx.doi.org/10.3389/fimmu.2018.01610
http://dx.doi.org/10.3389/fimmu.2018.01610
http://dx.doi.org/10.1016/j.mri.2020.01.007
http://dx.doi.org/10.1016/j.mri.2020.01.007
http://dx.doi.org/10.1016/j.mri.2020.01.007
http://dx.doi.org/10.1016/j.mri.2020.01.007
http://dx.doi.org/10.1016/j.mri.2020.01.007
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.1007/s10067-021-05642-6
http://dx.doi.org/10.51248/.v41i3.775
http://dx.doi.org/10.51248/.v41i3.775
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1007/s00296-015-3214-4
http://dx.doi.org/10.1136/ard.39.1.45
http://dx.doi.org/10.1136/ard.39.1.45
http://dx.doi.org/10.1136/ard.39.1.45
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/rhu.0000000000000522
http://dx.doi.org/10.1097/md.0000000000031764
http://dx.doi.org/10.1097/md.0000000000031764
http://dx.doi.org/10.1097/md.0000000000031764
http://dx.doi.org/10.1007/s00296-024-05693-3
http://dx.doi.org/10.1007/s00296-024-05693-3
http://dx.doi.org/10.1007/s00296-024-05693-3
http://dx.doi.org/10.1007/s00296-024-05693-3
http://dx.doi.org/10.1136/annrheumdis-2018-213317
http://dx.doi.org/10.1136/annrheumdis-2018-213317
http://dx.doi.org/10.1136/annrheumdis-2018-213317
http://dx.doi.org/10.1016/j.cca.2023.117487
http://dx.doi.org/10.1016/j.cca.2023.117487
http://dx.doi.org/10.1016/j.cca.2023.117487
http://dx.doi.org/10.1186/s43088-021-00128-5
http://dx.doi.org/10.1186/s43088-021-00128-5
http://dx.doi.org/10.1186/s43088-021-00128-5
http://dx.doi.org/10.1186/s43088-021-00128-5
http://dx.doi.org/10.1186/s43088-021-00128-5
http://dx.doi.org/10.1186/s43088-021-00128-5

	Evaluation of Vascular Cell Adhesion Molecule-1 (VCAM-1) and Intercellular Adhesion Molecule-1 (ICAM
	Abstract
	Keywords
	How to cite this article 
	INTRODUCTION_
	MATERIALS_AND_METHODS_
	Methodology
	Preparation_of_Calcium_Nanoparticles_(Ca
	Statistical_analysis_
	RESULTS_AND_DISCUSSION_
	Evaluation_of_Erythrocyte_Sedimentation_
	Correlation_Between_VCAM-1,_ICAM-1,_ESR,
	CONCLUSION_
	REFERENCES_

