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 Abstract 
Osteoarthritis (OA) and rheumatoid arthritis (RA) are common joint disorders 
driven by distinct but overlapping pathophysiological mechanisms, including 
altered bone turnover and oxidative stress. Alkaline phosphatase (ALP), an 
enzyme central to bone mineralization, and malondialdehyde (MDA), a 
byproduct of lipid peroxidation and marker of oxidative stress, are potential 
biochemical indicators of disease activity in arthritis. To evaluate and compare 
serum ALP and MDA levels in patients with OA and RA against healthy 
controls, and to explore their potential clinical utility as adjunct biomarkers. In 
this cross-sectional study, 41 female patients (35 with OA, aged 40–70 years, 
and 6 with RA, aged 20–30 years) attending the orthopedic outpatient 
department of a local hospital were recruited between June and August 2023, 
along with 15 age-matched healthy controls. Diagnosis was confirmed by clinical 
history, physical examination, and radiological assessment. Serum ALP activity 
was measured by the IFCC/DGKC kinetic p-nitrophenylphosphate method, and 
serum MDA was quantified by the thiobarbituric acid reactive substances 
(TBARS) assay. The mean serum ALP activity was markedly higher in OA/RA 
patients (109.83 ± 246.88 U/L) than in controls (60.33 ± 36.06 U/L). 
Similarly, mean serum MDA levels were substantially elevated in patients 
(230.14 ± 163.89 nM/mL) compared with controls (43.54 ± 28.53 nM/mL). 
The majority of patients were diagnosed with OA (85.4%), were aged 20–40 
years (53.7%), and were managed with medication (90.2%). Both ALP and 
MDA are elevated in patients with OA and RA relative to healthy individuals, 
reflecting increased bone turnover and heightened oxidative stress. These findings 
support the potential value of ALP and MDA as complementary biochemical 
markers for assessing disease activity, monitoring progression, and evaluating 
treatment response in arthritis, although their routine clinical adoption will 
require validation in larger, longitudinal cohorts. 
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INTRODUCTION 
Alkaline phosphatase (ALP) has, since the late 
1970s, been among the most frequently requested 
enzyme assays in clinical medicine, owing largely 
to its central role in the detection, monitoring, 
and investigation of skeletal disorders (1–3). ALP 
was first characterized by Robison in 1923, who 
observed that bone extracts—but not non-ossifying 
cartilage—could hydrolyze a hexose phosphoric 
ester and liberate inorganic phosphate, a finding 
that established the enzyme's role in promoting 
skeletal mineralization (4–6). 
ALP exists as a homodimeric metalloenzyme, with 
each catalytic site coordinating two zinc ions and 
one magnesium ion essential for hydrolysis of 
phosphate monoesters (7). At least four tissue-
specific human isoforms have been described—
placental, intestinal, liver/bone/kidney (tissue-
nonspecific), and germ-cell ALP—each encoded by 
distinct gene loci and distinguishable by structural, 
biochemical, and immunological methods (8–10). 
The bone-specific isoform, tissue-nonspecific 
alkaline phosphatase (TNAP), is anchored to the 
outer osteoblast membrane and facilitates 
hydroxyapatite deposition by hydrolyzing 
inorganic pyrophosphate, a potent inhibitor of 
mineralization (11–15). Clinically, elevated ALP is 
associated with a broad range of conditions, 
including osteoplastic bone tumors, osteomalacia, 
osteoporosis, hepatobiliary disease, Paget's disease, 
hyperparathyroidism, and pregnancy, while 
reduced levels occur in hypophosphatemia, 
malnutrition, and several endocrine and 
hematologic disorders (16–24). 
Arthritis, derived from the Greek for "joint 
disease," encompasses a group of disorders 
characterized by joint inflammation, pain, 
stiffness, and progressive structural damage. 
Osteoarthritis (OA), the most common form, is 
defined by focal cartilage degeneration, 
subchondral bone remodeling, osteophyte 
formation, and variable synovial inflammation, 
and predominantly affects the knee, hip, hand, 
and spine (25–31). Rheumatoid arthritis (RA), in 
contrast, is a systemic autoimmune disease 
characterized by chronic synovial inflammation 
with the potential to damage the heart, lungs, 

kidneys, and other organs beyond the joints (34–
36). The 2010 ACR/EULAR classification criteria 
for RA incorporate joint involvement, serological 
markers (rheumatoid factor and anti-citrullinated 
protein antibody), acute-phase reactants, and 
symptom duration to enable earlier diagnosis (37, 
38). In both OA and RA, ALP is frequently 
elevated, plausibly reflecting increased osteoplastic 
activity, subchondral bone remodeling, or synovial 
inflammation, although the precise source of this 
elevation remains incompletely understood (39, 
40). 
Oxidative stress—an imbalance between the 
production of reactive oxygen species (ROS) and 
their neutralization by enzymatic (catalase, 
glutathione peroxidase, superoxide dismutase) 
and non-enzymatic (vitamins A, C, and E) 
antioxidant systems—is increasingly recognized as a 
contributor to the pathogenesis of chronic 
inflammatory joint disease (41–44). Excess ROS 
promote lipid peroxidation, protein 
carbonylation, and DNA damage, processes that 
can exacerbate synovial inflammation, accelerate 
cartilage degradation, and impair antioxidant 
defenses in both OA and RA (52). 
Malondialdehyde (MDA), a stable end-product of 
lipid peroxidation, is a widely used surrogate 
marker of oxidative stress, and elevated serum 
MDA has been reported in patients with RA and 
OA, potentially reflecting the extent of tissue 
damage and disease activity (52, 53). 
Despite growing interest in both markers 
individually, the relationship between ALP and 
MDA levels and arthritis, relative to healthy 
individuals, remains inadequately characterized, 
and few studies have examined them concurrently 
in the same patient cohort. This study was 
therefore designed to measure and compare serum 
ALP and MDA levels in patients with OA and RA 
against healthy controls, with the aim of clarifying 
their potential utility as complementary 
biomarkers of disease activity, bone turnover, and 
oxidative stress in arthritis. 
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Materials and Methods 
Study design and participants 
This cross-sectional study was conducted in the 
Department of Biochemistry, University of 
Karachi, between June and August 2023. Forty-
one female patients were recruited from the 
orthopedic outpatient department (OPD) of a 
local hospital: 35 patients diagnosed with OA 
(aged 40–70 years) and 6 patients diagnosed with 
RA (aged 20–30 years). Diagnoses were confirmed 
through comprehensive medical history, physical 
examination, and radiological assessment, and 
patients were enrolled irrespective of disease 
duration, activity, or treatment history. Fifteen 
age-appropriate healthy volunteers were recruited 
as controls for comparison of ALP and MDA 
levels. 
Inclusion criteria required participants to have 
maintained stable dietary habits, including 
Vitamin D and calcium supplementation, for the 
preceding three months, with OA/RA diagnoses 

corroborated by laboratory tests and radiography; 
female participants were required to be in the peri- 
or post-menopausal stage. Participants with a 
history of alcohol or tobacco use, hypertension, 
diabetes mellitus, joint trauma, thyroid 
dysfunction, hepatic or renal disease, coronary 
heart disease, obesity, prior anti-inflammatory 
drug use, or antioxidant supplementation were 
excluded. 
 
Sample collection 
A 5 mL venous blood sample was drawn from the 
antecubital vein of each participant under aseptic 
conditions and collected into a clotting-activator 
tube. Samples were labeled with unique 
identification codes, transported on ice, and 
centrifuged at 2500 rpm for 10 minutes. Serum 
was separated into Eppendorf tubes and stored at 
−20 °C until analysis; hemolyzed samples were 
excluded. 

 

 
Figure 1. Venous blood sample collection from a study participant. 
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Figure 2. Labeled serum collection tubes containing clotting activator. 

 
Alkaline phosphatase activity measurement 
Serum ALP activity was measured using an IFCC-
approved kinetic assay kit based on the DGKC 
(German Society for Clinical Chemistry) method. 
In this assay, ALP catalyzes the hydrolysis of p-
nitrophenylphosphate (pNPP) at alkaline pH, 
releasing p-nitrophenol and inorganic phosphate; 
Mg2+ ions enhance enzymatic activity. The 
reaction was monitored as an increase in 
absorbance at 405 nm, which is directly 
proportional to serum ALP activity. The working 
reagent was prepared by mixing four parts Reagent 
1 (1 mmol/L diethanolamine buffer, pH 9.80, 
with 0.6 mmol/L magnesium chloride) with one 
part Reagent 2 (10 mmol/L pNPP solution). 
Approximately 20 µL of serum was added to 1000 
µL of working reagent, and absorbance was 
recorded at 405 nm at 37 °C over 3 minutes using 
a UV-1800 Shimadzu spectrophotometer. The 
average absorbance change per minute was 
multiplied by a factor of 3250 to yield ALP activity 
in U/L. 
 
Malondialdehyde (MDA) estimation 
Serum MDA was quantified using the 
thiobarbituric acid reactive substances (TBARS) 
method. Samples and standards were treated with 
10% trichloroacetic acid (TCA, 0.5 mL), 8.1% 
sodium dodecyl sulphate (SDS, 0.2 mL), and 0.8% 
thiobarbituric acid (TBA, 1.5 mL), then heated in 
a boiling water bath for 1 hour and subsequently 
cooled on ice. Three milliliters of n-butanol was 
added, and the mixture was vortexed and 

centrifuged at 4000 rpm for 10 minutes. The 
resulting pink organic layer was separated, and 
absorbance was read at 532 nm. 
Working standards of 1,1,3,3-tetraethoxypropane 
(a stable MDA precursor) were prepared at 10, 20, 
30, and 40 nM concentrations, alongside test, 
control, and blank samples processed under 
identical conditions (Table below shows the assay 
volumes used for each reagent across standards, 
test, control, and blank). MDA concentration was 
calculated using the formula: 
Concentration of MDA (nM/mL) = (Absorbance 
of test × Concentration of standard × 1000) / 
(Absorbance of standard × Volume of sample) 
 
Statistical analysis 
Data were expressed as mean ± standard deviation 
(SD) for continuous variables and as number (n) 
and percentage (%) for categorical variables. Mean 
ALP and MDA levels were compared between the 
patient (OA/RA) and control groups. 
 
Results 
Demographic and clinical characteristics 
Of the 41 patients enrolled, 35 (85.4%) had OA 
and 6 (14.6%) had RA. Most patients (53.7%) 
were aged 20–40 years, 31.7% were aged 41–55 
years, and 14.6% were aged 56–70 years. 
Diagnosis was most commonly confirmed by 
blood tests (36.6%), followed by X-ray (22.0%), 
physical examination (19.5%), a combination of 
all diagnostic modalities (12.2%), and MRI (9.8%) 
alone. A majority of patients (63.4%) had a prior 
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history of OA or RA, and most were managed with 
medication (90.2%) rather than surgery (9.8%) 
(Table 1). 
 
Table 1. Demographic and clinical characteristics of the study population (n = 41). 
Serum ALP activity 

Variable n %  

Type of arthritis    

Osteoarthritis (OA) 35 85.36  

Rheumatoid arthritis (RA) 6 14.63  

Age (years)    

20–40 22 53.65  

41–55 13 31.70  

56–70 6 14.63  

Diagnostic method    

Physical examination 8 19.51  

Blood test 15 36.58  

X-Ray 9 21.95  

MRI 4 9.75  

Combination of all methods 5 12.19  

History of OA/RA    

Yes 26 63.41  

No 15 36.58  

Treatment    

Medication 37 90.24  

Surgery 4 9.75  

 
Mean serum ALP activity was considerably higher 
in OA/RA patients (109.83 ± 246.88 U/L) than 
in healthy controls (60.33 ± 36.06 U/L) (Figure 3), 

consistent with increased osteoblastic and bone-
remodeling activity in arthritis. 
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Figure 3. Serum alkaline phosphatase (ALP) activity in OA/RA patients versus healthy controls (mean ± 

SD; *p < 0.05). 
 
Serum MDA levels 
Mean serum MDA levels were markedly higher in 
OA/RA patients (230.14 ± 163.89 nM/mL) than 

in controls (43.54 ± 28.53 nM/mL) (Figure 4), 
indicating substantially elevated oxidative stress in 
patients with arthritis. 

 

 
Figure 4. Serum malondialdehyde (MDA) levels in OA/RA patients versus healthy controls (mean ± SD; 

*p < 0.05). 
 
Discussion 
This study demonstrates that both serum ALP 
activity and MDA levels are markedly elevated in 
patients with OA and RA compared with healthy 
controls, supporting the hypothesis that increased 
bone turnover and heightened oxidative stress are 
shared features of these arthritic conditions. 
ALP is a multifunctional enzyme expressed in the 
liver, bone, intestine, and placenta, where it 

catalyzes the dephosphorylation of a range of 
substrates and plays a key role in phosphate 
metabolism, bone mineralization, and remodeling 
(7–15). In the gut, intestinal ALP additionally 
contributes to mucosal defense by neutralizing 
bacterial lipopolysaccharide and regulating lipid 
absorption (16–18). Because ALP is expressed on 
the osteoblast plasma membrane, elevated serum 
levels in OA and RA patients most plausibly reflect 
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increased osteoblastic activity secondary to 
subchondral bone remodeling, periarticular 
inflammation, or compensatory bone formation, 
although muscle atrophy, medication use, and 
disease-related inflammation may also contribute 
(39, 40). Clinically, ALP has established utility in 
evaluating hepatobiliary and skeletal disease and, 
more recently, has been explored as a biomarker 
of periodontal and gut inflammation and as a 
modifier of drug and nanocarrier 
pharmacokinetics (16–18, 45–48). 
MDA, a terminal product of polyunsaturated fatty 
acid peroxidation, is one of the most widely used 
biomarkers of oxidative stress and has been 
applied across numerous disease contexts, 
including cancer, cardiovascular disease, and 
inflammatory arthropathies (54). The marked 
elevation of serum MDA observed in our OA/RA 
cohort is consistent with previous reports linking 
oxidative stress to synovial inflammation, cartilage 
degradation, and impaired antioxidant defense in 
arthritis (52, 53). Chronic inflammation in both 
OA and RA can amplify ROS production while 
simultaneously compromising enzymatic and non-
enzymatic antioxidant capacity, creating a self-
perpetuating cycle of oxidative damage and joint 
tissue injury (41–44). 
Bone turnover markers, including ALP, have 
previously been proposed as tools for predicting 
postmenopausal bone loss, fracture risk, and 
response to antiresorptive therapy in osteoporosis, 
although consensus on their optimal clinical 
application remains limited (55). Similarly, 
combined assessment of ALP and MDA may offer 
complementary insight into disease activity in 
arthritis—capturing both the skeletal remodeling 
and oxidative components of disease 
pathophysiology—but barriers including marker 
standardization, cost, and the absence of clear 
clinical guidelines currently limit their routine 
adoption. 
This study has several limitations. The sample size, 
particularly for the RA group (n = 6), was small 
and restricted to female patients, limiting the 
generalizability of the findings and precluding 
meaningful subgroup or multivariate analysis. The 
cross-sectional design does not permit assessment 

of causality or disease trajectory, and confounding 
factors such as disease duration, severity, and 
medication regimen were not stratified in the 
analysis. Larger, longitudinal, and sex-balanced 
studies incorporating multivariate adjustment are 
warranted to validate ALP and MDA as clinically 
actionable biomarkers in arthritis. 
Conclusion 
Serum ALP and MDA levels were significantly 
elevated in patients with osteoarthritis and 
rheumatoid arthritis compared with healthy 
controls, reflecting increased bone turnover and 
oxidative stress associated with these conditions. 
These findings support the potential value of ALP 
and MDA as complementary, low-cost 
biochemical markers for assessing disease activity 
and monitoring treatment response in arthritis. 
Larger prospective studies are needed to establish 
their diagnostic and prognostic utility in routine 
clinical practice. 
 
Conflict of Interest 
The authors declare no conflict of interest. 
Funding 
This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors. 
 
Acknowledgements 
The authors thank the Department of 
Biochemistry, University of Karachi, and the 
participating orthopedic outpatient department 
for their support in patient recruitment and 
sample collection. 
 
REFERENCES 
McComb RB, Bowers GN Jr, Posen S. Alkaline 

phosphatase. New York and London: 
Plenum Press; 1979. 

Robinson BG, Clifton-Bligh PB, Mason RS. In 
memoriam. Professor Solomon Posen, MD, 
FRACP, FRCP: 1924–2016—physician, 
scientist, mentor. J Bone Miner Res. 
2016;31:1915–6. 

 
 



  
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

 

https://fmhr.net                                       | Zehra et al., 2026 | Page 4009 
 

Bishop ML, Fody EP, Schoeff LE. Clinical 
chemistry: principles, techniques, and 
correlations. Philadelphia: Lippincott 
Williams & Wilkins; 2013. 

Suzuki U, Yoshimura K, Takaishi M. Ueber ein 
enzym "phytase" das "anhydro-oxymethylen 
diphosphorsaure" spaltet. Tokyo Imper 
Univ Coll Agric Bull. 1907;7:503–12. 

Harden A, Robison R. A new phosphoric ester 
obtained by the aid of yeast-juice. Proc 
Chem Soc. 1914;30:16–7. 

Robison R. The possible significance of 
hexosephosphoric esters in ossification. 
Biochem J. 1923;17:286–93. 

McComb RB, Bowers GN Jr, Posen S. Alkaline 
Phosphatase. New York: Plenum; 1979. 

Reid TW, Wilson IW. E. coli alkaline 
phosphatase. Enzymes. 1971;4:373–416. 

Sligbrand T. Present status and future trends of 
human alkaline phosphatases. Prog Clin 
Biol Res. 1984;166:3–14. 

Yu Y, Rong K, Yao D, Zhang Q, Cao X, Rao B, et 
al. The structural pathology for 
hypophosphatasia caused by malfunctional 
tissue non-specific alkaline phosphatase. 
Nat Commun. 2023;14(1):4048. 

Kim EE, Wyckoff HW. Reaction mechanism of 
alkaline phosphatase based on crystal 
structures. Two-metal ion catalysis. J Mol 
Biol. 1991;218(2):449–64. 

Bottini M, et al. Matrix vesicles from chondrocytes 
and osteoblasts: their biogenesis, properties, 
functions and biomimetic models. Biochim 
Biophys Acta. 2018. 

Chaudhary SC, et al. Phosphate induces 
formation of matrix vesicles during 
odontoblast-initiated mineralization in 
vitro. Matrix Biol. 2016. 

Golub EE, et al. The role of alkaline phosphatase 
in mineralization. Curr Opin Orthop. 
2007. 

Alam SN, Yammine H, Moaven O, Ahmed R, 
Moss AK, Biswas B, et al. Intestinal alkaline 
phosphatase prevents antibiotic-induced 
susceptibility to enteric pathogens. Ann 
Surg. 2014;259(4):715–22. 

Lallès JP. Intestinal alkaline phosphatase: novel 
functions and protective effects. Nutr Rev. 
2014;72(2):82–94. 

Bilski J, Mazur-Bialy A, Wojcik D, Zahradnik-
Bilska J, Brzozowski B, Magierowski M, et al. 
The role of intestinal alkaline phosphatase 
in inflammatory disorders of 
gastrointestinal tract. Mediators Inflamm. 
2017;2017:9074601. 

Nasu M, Ito M, Ishida Y, Numa N, Komaru K, 
Nomura S, et al. Aberrant interchain 
disulfide bridge of tissue-nonspecific 
alkaline phosphatase with an Arg433→Cys 
substitution associated with severe 
hypophosphatasia. FEBS J. 
2006;273(24):5612–24. 

Ishida Y, Komaru K, Ito M, Amaya Y, Kohno S, 
Oda K. Tissue-nonspecific alkaline 
phosphatase with an Asp289→Val 
mutation fails to reach the cell surface and 
undergoes proteasome-mediated 
degradation. J Biochem. 2003;134(1):63–
70. 

Hérasse M, Spentchian M, Taillandier A, Mornet 
E. Evidence of a founder effect for the 
tissue-nonspecific alkaline phosphatase 
(TNSALP) gene E174K mutation in 
hypophosphatasia patients. Eur J Hum 
Genet. 2002;10(10):666–8. 

Delmas PD. What do we know about biochemical 
bone markers? Baillières Clin Obstet 
Gynaecol. 1991;5(4):817–30. 

Dugdale DC. ALP - blood test: MedlinePlus 
Medical Encyclopedia. MedlinePlus. 2014. 

Fukushima K, Kawai-Kowase K, Yonemoto Y, 
Fujiwara M, Sato H, Sato M, et al. Adult 
hypophosphatasia with compound 
heterozygous p.Phe327Leu missense and 
c.1559delT frameshift mutations in tissue-
nonspecific alkaline phosphatase gene: a 
case report. J Med Case Rep. 
2019;13(1):101. 

Spector TD, et al. Radiographic assessment of 
osteoarthritis in population studies: whither 
Kellgren and Lawrence? Osteoarthritis 
Cartilage. 1993. 



  
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

 

https://fmhr.net                                       | Zehra et al., 2026 | Page 4010 
 

Cobby M, et al. Erosive osteoarthritis: is it a 
separate disease entity? Clin Radiol. 1990. 

Wilson MG, et al. Idiopathic symptomatic 
osteoarthritis of the hip and knee: a 
population-based incidence study. Mayo 
Clin Proc. 1990. 

Dieppe P. Subchondral bone should be the main 
target for the treatment of pain and disease 
progression in osteoarthritis. Osteoarthritis 
Cartilage. 1999. 

Felson DT. The course of osteoarthritis and 
factors that affect it. Rheum Dis Clin North 
Am. 1993. 

Hurley MV. The role of muscle weakness in the 
pathogenesis of osteoarthritis. Rheum Dis 
Clin North Am. 1999. 

Lachance L, et al. The natural history of emergent 
osteoarthritis of the knee in women. 
Osteoarthritis Cartilage. 2002. 

Skou ST, Roos EM. Physical therapy for patients 
with knee and hip osteoarthritis: supervised, 
active treatment is current best practice. 
Clin Exp Rheumatol. 2019;120(5):112–7. 

Blüher M. Obesity: global epidemiology and 
pathogenesis. Nat Rev Endocrinol. 
2019;15(5):288–98. 

Conforti A, di Cola I, Pavlych V, Ruscitti P, 
Berardicurti O, Ursini F, et al. Beyond the 
joints, the extra-articular manifestations in 
rheumatoid arthritis. Autoimmun Rev. 
2021;20:102735. 

Cojocaru M, Cojocaru IM, Silosi I, Vrabie CD, 
Tanasescu R. Extra-articular manifestations 
in rheumatoid arthritis. Maedica. 
2010;5:286–91. 

Safiri S, Kolahi AA, Hoy D, Smith E, Bettampadi 
D, Mansournia MA, et al. Global, regional 
and national burden of rheumatoid arthritis 
1990–2017: a systematic analysis of the 
global burden of disease study 2017. Ann 
Rheum Dis. 2019;78:1463–71. 

Radner H, Neogi T, Smolen JS, Aletaha D. 
Performance of the 2010 ACR/EULAR 
classification criteria for rheumatoid 
arthritis: a systematic literature review. Ann 
Rheum Dis. 2014;73:114–23. 

Almoallim H, Al Saleh J, Badsha H, Ahmed HM, 
Habjoka S, Menassa JA, et al. A review of 
the prevalence and unmet needs in the 
management of rheumatoid arthritis in 
Africa and the Middle East. Rheumatol 
Ther. 2020;8:1–16. 

Eunice EK, Harold WW. Structure and function 
of alkaline phosphatases. Clin Chim Acta. 
1989;186:175–88. 

Rodan GA, Rodan SB. Expression of the 
osteoblastic phenotype. In: Peck WA, 
editor. Bone and mineral research, Annual 
2. Amsterdam: Elsevier Science Pub; 1983. 
p. 244–5. 

Arazi H, Eghbali E, Suzuki K. Creatine 
supplementation, physical exercise and 
oxidative stress markers: a review of the 
mechanisms and effectiveness. Nutrients. 
2021;13(3):869. 

Simioni C, Zauli G, Martelli AM, Vitale M, 
Sacchetti G, Gonelli A, et al. Oxidative 
stress: role of physical exercise and 
antioxidant nutraceuticals in adulthood and 
aging. Oncotarget. 2018;9(24):17181–98. 

Lian D, Chen M, Wu H, Deng S, Hu X. The role 
of oxidative stress in skeletal muscle 
myogenesis and muscle disease. 
Antioxidants. 2022;11(4):755. 

Xie A, Li H, Hao Y, Zhang Y. Tuning the toxicity 
of reactive oxygen species into advanced 
tumor therapy. Nanoscale Res Lett. 
2021;16(1):142. 

Fine DH. Incorporating new technologies in 
periodontal diagnosis into training 
programs and patient care: a critical 
assessment and a plan for the future. J 
Periodontol. 1992;63:383–93. 

Zappa U. Histology of the periodontal lesion: 
implications for diagnosis. Periodontol 
2000. 1995;7:22–38. 

Chen KT, Malo MS, Beasley-Topliffe LK, Poelstra 
K, Millan JL, Mostafa G, et al. A role for 
intestinal alkaline phosphatase in the 
maintenance of local gut immunity. Dig Dis 
Sci. 2011;56:1020–7. 

 



  
Volume 4, Issue 3, 2026 
                                                                                             ISSN: (e) 3007-1607 (p) 3007-1593 

 

https://fmhr.net                                       | Zehra et al., 2026 | Page 4011 
 

Kellett KA, Williams J, Vardy ER, Smith AD, 
Hooper NM. Plasma alkaline phosphatase is 
elevated in Alzheimer's disease and inversely 
correlates with cognitive function. Int J Mol 
Epidemiol Genet. 2011;2:114–21. 

Halling Linder C, Narisawa S, Millán JL, 
Magnusson P. Glycosylation differences 
contribute to distinct catalytic properties 
among bone alkaline phosphatase isoforms. 
Bone. 2009;45:987–93. 

Chrostek L, Cylwik B. The alteration of proteins 
glycosylation in liver diseases. Pol Merkur 
Lekarski. 2011;31:60–4. 

Assar ME, Álvarez-Bustos A, Sosa P, Angulo J, 
Rodríguez-Mañas L. Effect of physical 
activity/exercise on oxidative stress and 
inflammation in muscle and vascular aging. 
Int J Mol Sci. 2022;23(15):8713. 

Mishra R, Singh A, Chandra V, Negi MP, 
Tripathy BC, Prakash J, et al. A comparative 
analysis of serological parameters and 
oxidative stress in osteoarthritis and 
rheumatoid arthritis. Rheumatol Int. 
2012;32(8):2377–82. 

Chaturvedi V, Handa R, Rao DN, Wali JP. 
Estimation & significance of serum & 
synovial fluid malondialdehyde levels in 
rheumatoid arthritis. Indian J Med Res. 
1999;109:170–4. 

Aruoma OI. Free radicals, oxidative stress and 
antioxidants in human health and disease. J 
Am Oil Chem Soc. 1998;75:199–212. 

Black D, et al. Quantitative analysis of the 
pyridinium crosslinks of collagen in urine 
using ion-paired reversed-phase high-
performance liquid chromatography. Anal 
Biochem. 1988. 


