
ABSTRACT
Objective: To determine the protective effect of vitamin D on the articular cartilage of formalin-induced 
arthritis in rats.

Study Design: Lab–based Experimental study.

Place and Duration of Study: The study was carried out at the Department of Anatomy, Islamic International 

Medical College from September 2020 to September 2021.

Methods: We randomly split thirty adult male albino rats weighing between 250 and 300 grams into three 

groups. (10 in total). On days 1 and 3 of the experiment, formaldehyde was subcutaneously injected into the 

right paw of every animal, with the exception of those in group A. The usual rat food was given to the rats in 

Groups A and B. Throughout the trial, Rats in group C were given vitamin D 4000IU/kg orally by adding 

cholecalciferol (Vitamin D3) injection in a standard diet for 28 days. All of the animals were dissected after the 

experiment, and the right hind leg was taken out, processed, and stained with H&E for a microscopic 

assessment of the thickness of the unclarified cartilage. Version 21 of SPSS was used to analyze the results.

Results: The oral administration of vitamin D exhibited a significant increase in unclarified cartilage thickness 

on intergroup comparison.

Conclusion: Vitamin D is an effective antiarthritic agent in ameliorating the thickness of articular cartilage 

thickness in arthritic rat models.
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Introduction 
Osteoarthritis is a chronic, deteriorating disease 

causing articular cartilage loss, causing synovial joint 

damage, and affecting chondrocytes and matrix, 
1making it the most common form of arthritis.  The 

chondrocytes undergo biochemical and mechanical 

stresses causing the breakdown of components of 
2

the matrix.  The decrease in the hydration of the 

matrix is associated with advancing age due to an 

increase in compressive stiffness. Loss of 

proteoglycans in the matrix leads to flaking or 

surface cracking. Matrix loss leads to deep fissures 
3

and cracks.  A granulation tissue called a pannus 

develops at the periphery of the cartilage which 

bridges across the fissures. The thinning of 

uncalcified cartilage is seen especially in the 
4superficial and transitional zone.  Meanwhile 

calcified cartilage thickness increases due to 
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calcification of tidemark, an interphase between 

calcified and uncalcified layers of articular cartilage. 

Subchondral bone remodeling can be seen with the 

progression of cartilage damage into deep zone It is 

becoming a progressively widespread disabling 

disease with serious socioeconomic influence 
5universally.  About 3.6% of North Pakistan's rural 

population and 3.1% of its urban population were 
6estimated to have knee OA.

Vitamin D is included in a class of fat-soluble 

prohormone. Early in the 20th century the discovery 

of the ameliorative effect of cod liver oil led to 
7

identification of vitamin D.  Nowadays vitamin D is 

considered to play a vital role in general nutrition and 

human disease states. Under the influence of 

ultraviolet light (UV) vitamin D3 is prepared in the 
8

skin from 7-dehydrocholesterol.  Vitamin D2 

(ergocalciferol) is derivative of the ergosterol, a plant 

sterol. The biologically active form of vitamin D, D3, is 

produced by the liver and kidney from hydroxylated 

vitamin D2. The presence of vitamin D receptors 

(VDRs) in bone, cartilage, and muscle reflects the 

pathophysiological role of vitamin D metabolites in 
9OA.  

Numerous studies have demonstrated that the 

majority of bodily tissues and cells contain vitamin D 

receptors (VDRs). This complex attaches to vitamin 

D3 response elements (VDREs) in the promoter 

region of several target genes when vitamin D 
10

interacts with vitamin D receptors (VDRs).  

Stimulating the VDREs prevents the transcription of 

nuclear transcription factors like NFAT (nuclear factor 

of activated T cells) and NF-kB (nuclear factor kappa 
11

B pathway).  This study aims to investigate the 

impact of inadequate vitamin D levels on calcium 

metabolism, articular cartilage turnover, and 

osteoblastic activity. Additionally, it seeks to 

determine if  vitamin D can reverse the 

histomorphological changes of articular cartilage in 

an arthritic rat model by measuring the thickness of 

the cartilage

Methods
The study was carried out at the Department of 

Anatomy, Islamic International Medical College from 

September 2020 to September 2021 after taking 

approval from the medical college's ethics review 
rd  

committee held on 3 August 2020 vide letter no: 

 Riphah/IIMC/IRC/20/158  and the sample was 

selected using a non-probability consecutive 

sampling technique. This investigation was 

conducted using thirty mature male Albino Sprague 

Dawley rats as a mammalian model, with each rat 

weighing 300 grams. The study excluded female rats 

and animals weighing less than 300 grams. Ethical 

review committee's guidelines were followed when 

caring for and handling the animals. Rats were kept 

under the supervision of the Animal House, in clean 

cages with standard temperature of 22 ± 0.5˚C in an 

air-conditioned room. In an air-conditioned 

environment with a standard temperature of 22 ± 

0.5˚C, the animals were placed in hygienic stainless 

steel cages with a 12-hour light and dark cycle and 

50% humidity. They were given food and water ad 

libitum for 7-days to acclimatize. Ten male rats were 

included in each group. Three groups: A control, B a 

negative control, and C two treatment groups. For a 

duration of 28 days, Group B (negative control) and 

Group A (control group) were administered a regular 

diet orally. For 28 days, the rats in group C received an 

oral dose of vitamin D (4000 IU/kg) by adding an 

injection of cholecalciferol (Vitamin D3) into their 
12regular food.  All of the animals' The left hind paws 

of all animals were given the sub plantar injection of 

0.1 ml of formaldehyde (2% v/v) on days 1 and 3 of 
13

the experiment to induce arthritis.  This was done 

one hour after oral administration of the 

vehicle/drugs. After 24 hours from the previous 

dose, the rats were euthanized by putting them to 

sleep with cotton balls drenched in chloroform.

Dorsal recumbent was how the animals were 

positioned. The dissection was done with sterile 

tools.  The right hind limb skin was shaved below the 

knee joint, and the right hind limb was amputated 

just proximal to the ankle joint using a bone cutter as 

shown in Figure 1. After that, it was preserved in 10% 

formalin and cleaned with saline. For ten days, the 

bone was submerged in formic acid to decalcify it. 

The ankle joints were decalcified and then 

transected in the frontal plane to produce two about 

equal sections. The paraffin wax was melted and 

used to implant the tissues. At roughly 200 mm 

intervals, these blocks were sectioned serially. For 

histological examination, the blocks were divided 

into 5-mm-thick pieces using a microtome.
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Hematoxylin and eosin were used to stain the slides. 

The thickness of the uncalcified cartilage (UCC) was 

measured by utilizing Image J software to examine 

each slide under 40 X magnification. A line 

perpendicular to the joint surface was drawn, along 

with three lines parallel to and on either side of it. 

The measurement of uncalcified cartilage was 

obtained from the surface of the cartilage to the tide 

mark. Four measurements were made for each 

sample to corroborate the thickness measurements. 

All readings' means were recorded.

The data were entered and interpreted using SPSS 

version 21, and the results were presented as mean 

±SD. One Way Analysis of Variance (ANOVA) was 

used to compare the mean thickness between the 

treatment group, negative control group, and control 

group. The post hoc Tukey's test was utilized to 

compare groups with one another. A p-value of less 

than 0.05 was regarded as significant. 

Results
The mean uncalcified cartilage thickness in the H&E-

stained segment of the ankle joint was determined 

to be 104um in control A, 23.52um in negative 

control B, and 42.29um in treatment group C, 

respectively. In group C, the cartilage thickness 

increased with the restoration of surface 

discontinuity, but in group B, it decreased with 

surface discontinuity and cartilage erosions. When 

group B and group C's mean values were compared, a 

significant mean difference (p-value <0.01) was 

discovered. Additionally, there was a notable 

distinction between groups A and B & C. (Figure, 1, 

Table 1).

Fig 1: Bar chart showing mean thickness of uncalcified 
cartilage thickness in control group A, negative control B, 
and treatment group C

Discussion
The degenerative condition known as osteoarthritis 

causes the articular cartilage to gradually wear away 

over time. It is the most prevalent type of arthritis 

that damages synovial joints both structurally and 

functionally.  Depending on the severity of the 
14

ailment, a mix of medication, lifestyle changes, and 

other therapies may be used for osteoarthritis 

treatment.  Nutritional supplements are becoming 15

more and more well-known for the safe and efficient 

treatment of arthritis because of the severe side 

effects and expensive expense of pharmaceutical 

therapy.16

The articular cartilage of the rat ankle joint showed 

multiple histological changes as a result of the sub 

plantar infusion of formaldehyde. Significant 
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Fig 2: Photomicrograph of coronal section of ankle joint 
showing unclarified cartilage thickness in control A, 
negative control B andtreatment group C & amp; D (H & 
amp;E stains at 40x10x). Black lines are showing 
thickness of cartilage from surface to tide mark. Black 
arrow shows tidemark



uncalcified cartilage thinning was seen when H&E-

stained slices of the negative control group were 

examined.  Table 1 and Figure 2 of our study 13

demonstrate that the oral administration of vitamin 

D in group C resulted in a considerable increase in the 

thickness of uncalcified cartilage.

The sub plantar injection of formaldehyde resulted in 

various histological alterations in the articular 

cartilage of the rat ankle joint.  These results were 
17

consistent with earlier rodent investigations that 

reported comparable structural alterations in the 

articular cartilage of an arthritic rat model. 

Significant weakening and degeneration of 

uncalcified cartilage was seen upon examination of 

H&E stained sections of the negative control group.  
18

When vitamin D was taken orally, uncalcified 

cartilage thickness increased significantly. In the 

current study, oral vitamin D supplementation at a 

dose of 4000IU/kg for four weeks significantly 

reduced the thinning of articular cartilage in an 

arthritic rat model. However, in a 2019 study, Marta 

A n n a  fo u n d  t h at  exo ge n o u s  v i ta m i n  D  

supplementation at a dose of 4000IU for ten weeks 

significantly increased the thickness of articular 

cartilage in a healthy rat model.  In 2017, Rachel J. 9

found that vitamin D insufficiency was linked to a 

decrease in articular cartilage thickness in OA 

patients.  Cecilia Pascual-Garrido in 2016 also 
8

revealed decrease matrix staining due to matrix loss 

in vitamin D deficient arthritic rat model in 4 weeks.  
19

Antiarthritic and anti-inflammatory properties of 

vitamin D on articular cartilage is reflected by study 

conducted by Katarzyna Patrycja Dzik in 2016 which 

suggests that insufficient levels of vitamin D cause 

atrophy and mitochondrial impairement of 

paraspinal muscle.  Jane Fletcher in 2019 also 20

highlighted the antiinflammatory effects of vitamin 

D and  demonstrated its function as a TNF-alpha 

inhibitor.  Thus vitamin D has got potent 21

antiinflammatory properties making it effective 

antiarthritic agent. The present study showed that 

the oral administration of vitamin D restored the 

thickness of articular cartilage in arthritic rat model. 

According to Yongji Wang, vitamin D enhances the 

proliferation of chondrocytes due to presence of 

VDR on the osteoblasts and cartilage chondrocytes 

from the tissue of newborn mice calvaria.
22

Few studies are available regarding anti-arthritic 

effect of vitamin D. In this study, restoration of 

articular cartilage thickness is observed in the group 

receiving oral vitamin D. This is consistent with study 

conducted by E. C. Castillo in 2012 on arthritic rat 

model where vitamin D attenuated articular 

cartilage thickness given at the dose of 4IU/kg for 20 
23days orally.  Jie-Chao Gu stated in 2022 that people 

with type 2 diabetes who have low vitamin D levels 
24

are in extremely inflammatory and oxidative states.  

Present study demonstrated positive effects of 

vitamin D on hyaline cartilage of arthritic rat model. 

This is in line with the research where vitamin D 

insufficiency was shown to have negative effects on 

the hyaline cartilage of normal, healthy rats by 
19

Pascual-Garrido in 2016.  This study revealed 

restoration of surface discontinuity of articular 

cartilage of arthritic rat model as shown in figure 1 

thus stating its ameliorative effect in osteoarthritis.  

According to Vikrant Rai lower serum level of vitamin 

D were associated with increased chondrocyte 

clustering and cartilage matrix loss in arthritic knee 
7joints.  Thus vitamin D deficiency caused 

deterioration of articular cartilage in arthritis so its 

oral administration restored the damage as shown in 

this study. The limitation of this study is the lack of 

biochemical analysis like IL-6 and TNF alpha levels to 

support the antiarthritic effect of vitamin D. 

In conclusion, it was discovered that Vitamin D is a 

potent antiarthritic agent that reduces cartilage 

thickness in a model of arthritic rats. Using an 

arthritic rat model, this study evaluated the potential 
15

medical benefits of vitamin D.  The findings inform 

that oral administration of vitamin D can be used as a 
25

medication to address OA-related inflammation.  

Future research could explore the effect of vitamin D 

on histomorphological changes in synovial 

membranes and adjacent bony surfaces of arthritic 

joints. 

Acknowledgment
We would like to express our gratitude to Riphah 

International University, Rawalpindi, and Dr. 

Shabana Ali, Professor of Anatomy at Riphah 

International University in Rawalpindi, for her crucial 

support in offering the greatest supervision and 

direct ion throughout  research.  We also 

acknowledge the invaluable assistance that Dr. 

Effect of Vitamin D on Articular Cartilage Thickness Life & Science 2024 Vol. 5, No. 1

110



Hussain Ali, Scientific Officer and Mr. Ijaz, the NIH lab 

technician, National Institute of Health (NIH), 

Islamabad for their support and help.

REFERENCES

1. 	 Allen KD, Golightly YM. Epidemiology of osteoarthritis: 

state: State of the evidence. Curr Opin Rheumatol. 2015; 

27: 276–83. doi: 10.1097/BOR.0000000000000161 

2. 	 Chang SW, Lee HC. Vitamin D and health - The missing 

vitamin in humans. Pediatr Neonatol [Internet]. 2019; 60: 

237–44. doi: 10.1016/j.pedneo.2019.04.007

3. 	 Millington SA, Grabner M, Wozelka R, Anderson DD, 

Hurwitz SR, Crandall JR. Quantification of ankle articular 

cartilage topography and thickness using a high resolution 

stereophotography system. Osteoarthr Cartil. 2007; 15: 

205–11. doi: 10.1016/j.joca.2006.07.008 

4. 	 Mora JC, Przkora R, Cruz-Almeida Y. Knee osteoarthritis: 

Pathophysiology and current treatment modalities. Journal 

o f  p a i n  re s e a rc h .  2 0 1 8 ;  1 1 :  2 1 8 9 – 9 6 .  d o i :  

10.2147/JPR.S154002

. 	 Vina ER, Kent Kwoh C. Epidemiology of Osteoarthritis: 

Literature Update Ernest. Current opinion in rheumatology. 

2018; 30: 160–7. doi: 10.1097/BOR.0000000000000479

6. 	 Jadoon SA, Ahmed A, Alam MA. Vitamin D deficiency in 

Pakistan: tip of iceberg. Journal of Ayub Medical College 

Abbottabad. 2017; 30: 78-80.

7. 	 Saleem A, Sharif S, Jarvis S, Madouros N, Koumadoraki E, 

Khan S. A Comprehensive Review on Vitamin D as a Novel 

Therapeutic Agent in Chronic Obstructive Pulmonary 

Disease. Cureus. 2021; 13. doi: 10.7759/cureus.13095

8. 	 Garfinkel RJ, Dilisio MF, Agrawal DK. Vitamin D and Its 

Effects on Articular Cartilage and Osteoarthritis. 

Orthopedic Journal of Sport Medicine. 2017; 5: 

2325967117711376. doi: 10.1177/2325967117711376

9.         zychlinska MA, Imbesi R, Castrogiovanni P, Guglielmino C, 

Ravalli S, Di Rosa M, et al. Assessment of vitamin D 

supplementation on articular cartilage morphology in a 

young healthy sedentary rat model. Nutrients. 2019; 11: 

1260. doi: 10.3390/nu11061260

10. 	 Glade MJ. A 21st century evaluation of the safety of oral 

vitamin D. Nutrition [Internet]. 2012; 28: 344–56. doi: 

10.1016/j.nut.2011.11.006

11. 	 Mousa A, Misso M, Teede H, Scragg R, De Courten B. Effect 

of Vitamin D supplementation on inflammation: Protocol 

for a systematic review. BMJ Open. 2016; 6: e010804. doi: 

10.1136/bmjopen-2015-010804

12. 	 Mendoza S, Noa M, Valle M, Mendoza N, Mas R. Effects of D-

002 on formaldehyde-induced osteoarthritis in rats. 

International Journal of Pharmaceutical Sciences Review & 

Research. 2012; 3: 9-12.

13. 	 Fatima N, Fatima SJ. Pharmacological screening for anti-

arthritic activity of Moringa oleifera. Asian Journal of 

Pharmaceutical & Clinical Research 2016; 1: 106–11. 

14. 	 Punzi L, Galozzi P, Luisetto R, Favero M, Ramonda R, Oliviero 

F, et al. Post-traumatic arthritis: Overview on pathogenic 

mechanisms and role of inflammation. RMD Open. 2016; 2: 

e000279. doi:10.1136/rmdopen-2016-000279 

15. 	 Park CY. Vitamin D in the prevention and treatment of 

osteoarthritis: from clinical interventions to cellular 

evidence. Nutrients. 2019; 11: 243. doi: 10.3390/ 

nu11020243

16. 	 Zhang R, Naughton DP. Vitamin D in health and disease: 

current perspectives. Nutrition journal. 2010; 9: 1-3.

17. 	 Saleem A, Saleem M, Akhtar MF. Antioxidant, anti-

inflammatory and antiarthritic potential of Moringa 

oleifera Lam: An ethnomedicinal plant of Moringaceae 

family. South African Journal of Botany. 2020; 128: 246-56. 

doi: 10.1016/j.sajb.2019.11.023

18. 	 Kumar V, Verma A, Ahmed D, Sachan NK, Anwar F, Pradesh 

U, et al. Fostered antiarthritic upshot of moringa oleifera 

lam. stem bark extract in diversely induced arthritis in 

wistar rats with plausible mechanism. International Journal 

of Pharmaceutical Sciences and Research. 2013; 4: 

3894–901. doi: 10.13040/IJPSR.0975-8232.4(10).3894-01

19.  Pascual-Garrido C, Angeline ME, Ma R, Chahla J, Voigt C, 

Deng XH, Nguyen J, Warren RF, Rodeo SA. Low levels of 

vitamin D have a deleterious effect on the articular cartilage 

in a rat model. HSS Journal®. 2016; 12: 150-7. doi: 

10.1007/s11420-016-9492

20. 	 Dzik KP, Skrobot W, Kaczor KB, Flis DJ, Karnia MJ, Libionka W, 

et al. Vitamin D deficiency is associated with muscle atrophy 

and reduced mitochondrial function in patients with 

chronic low back pain. Oxid Med Cell Longev. 2019; 2019. 

doi: 10.1155/2019/6835341  

21. 	 Charlesworth J, Fitzpatrick J, Perera NKP, Orchard J. 

Osteoarthritis- a systematic review of long-term safety 

implications for osteoarthritis of the knee. BMC 

Musculoskelet Disord. 2019; 20: 1–2. doi: 10.1186/s12891-

019-2525-0

22. 	 Wang Y, Zhu J, DeLuca HF. Identification of the vitamin D 

receptor in osteoblasts and chondrocytes but not 

osteoclasts in mouse bone. Journal of Bone and Mineral 

Research. 2014 ; 29: 685-92. 10.1002/jbmr.2081

Effect of Vitamin D on Articular Cartilage Thickness Life & Science 2024 Vol. 5, No. 1

111



Authors Contribution

AS: Idea conception, study designing, data collection, data analysis, results and interpretation, 

manuscript writing and proof reading

HB: Idea conception, study designing, data collection, data analysis, results and interpretation, 

manuscript writing and proof reading

TK: Data collection, manuscript writing and proof reading

AR: Data collection, manuscript writing and proof reading

US: Data collection, manuscript writing and proof reading
MK: Data collection, manuscript writing and proof reading

Effect of Vitamin D on Articular Cartilage Thickness Life & Science 2024 Vol. 5, No. 1

112

23. 	 Castillo EC, Lavalle C, Kouri JB. Effects of Vitamin D 

Supplementation during the Induction and Progression of 

Osteoarthritis in a Rat Model. 2012;2012. doi: 

10.1155/2012/156563 

4. 	 Gu JC, Wu YG, Huang WG, Fan XJ, Chen XH, Zhou B, Lin ZJ, 

Feng XL. Effect of vitamin D on oxidative stress and serum 

inflammatory factors in the patients with type 2 diabetes. 

Journal of Clinical Laboratory Analysis. 2022; 36: e24430. 

doi: 10.1002/jcla.24430

25. 	 Imamura M, Ezquerro F, Marcon Alfieri F, Vilas Boas L, 

Tozetto-Mendoza TR, Chen J, et al. Serum levels of 

proinflammatory cytokines in painful knee osteoarthritis 

and sensitization. Int J Inflam. 2015; 2015. doi: 

10.1155/2015/329792 


	Page 111
	Page 112
	Page 113
	Page 114
	Page 115
	Page 116

