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ABSTRACT

Objective: To determine the ameliorative effects of prolotherapy on monosodium iodoacetate (MIA) induced and histomorphological
changes in the articular cartilage of tibial condyles at rat knee joint.

Study Design: An experimental study.

Place and Duration of the Study: Department of Anatomy, Army Medical College Rawalpindi, NUMS, Rawalpindi, from August to
November 2021.

Methodology: Thirty adult male Sprague Dawley rats were divided into three groups, each having 10 rats. Group A was control. Group B
was injected with single dose of 1mg MIA intraarticularly in the right knee to induce osteoarthritic changes. Group C was injected with
single dose of 1mg MIA intraarticularly, in right knee was followed by 0.1ml Prolotherapy (3ml of 25% dextrose, 2ml of 2% xylocaine, 1ml of
injection neurobion, and 1ml of injection methecobal) as intra articular injection at week 2, 6 and 10 in right knee. Rats were sacrificed after
one month of the last dose of Prolotherapy. Articular cartilage was collected for gross and histological examination and compared among
the groups.

Results: Articular cartilage belonging to control group A was normal. While group B showed statistically significant deterioration in gross
appearance (p = 0.001**), reduction in number of chondrocytes (p = 0.005*) and thickness of articular cartilage (p = 0.001**) in
comparison to group A. In group C due to prolotherapy statistically significant improvement in gross appearance (p = 0.034%*), increase in
number of chondrocytes (p = 0.003*), and thickness of articular cartilage (p = 0.001**) was observed as compared to group B.
Conclusion: Prolotherapy significantly ameliorates histomorphology of tibial articular cartilage against MIA induced osteoarthritic changes
in rat knee joint.
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INTRODUCTION

A degenerative joint disease osteoarthritis (OA) causes poor
health-related quality of life." More than 250 million people are
thought to be affected globally.?Obesity, age, joint injuries, and
genetic characteristics are all major risk factors of OA.> The most
effective surrogate forhumanresearch of OAisananimal model.’
Intraarticular Injection of MIA induce osteoarthritic changes
similar to human degenerative OA in terms of histopathology
and behaviours related to pain.® Regenerative medicines
have revolutionised the treatment of OA and have potentially
eliminated the need for invasive surgery.’
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Prolotherapy aids healing and pain relief by promoting tissue
growth.’ Techniques and injectable solutions for prolotherapy
differ depending on the disease, clinical severity, and practi-
tioner preferences.’ Prolotherapy is a simple and economical
procedure with a high range of safety and can be easily adminis-
trated in a primary care setting, and worthy of consideration.®
The objective of this study was to determine the ameliorative
effects of prolotherapy on MIA induced histomorphological
changes in the articular cartilage of tibial condyles at rat knee
joint.
METHODOLOGY

It was an experimental study conducted from August to
November 2021 at the Department of Anatomy, Army Medical
College/ NUMS, Rawalpindi in cooperation with the National
Institute of Health (NIH), and Armed Forces Institute of
Pathology, Rawalpindi. Ethical approval was taken from the
ethics committee of Army Medical College / NUMS, Rawalpindi
(ERC/ID/129). The inclusion criteria were healthy male rats
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weighing 250 = 50 grams, aged 3-4 months. Exclusion criteria
wereratshavingany grossjointdeformity.

Thirty male Sprague Dawley rats were obtained from NIH, Islam-
abad. Rats were kept at the animal house of NIH under standard
conditions. Rats were allowed free access to a standard lab diet
and clean drinking water. No animal death was reported
throughout the study period.

Rats were randomly divided into three groups, each having 10
rats with 5 rats per cage. Sampling technique was non-proba-
bility convenience sampling. Group A was control group. Group
B (experimental group) single dose of 1mg MIA was injected
intraarticularly in the right knee to induce osteoarthritic
changes. Group C (experimental group) single dose of 1mg MIA
was injected intraarticularly, in the right knee was followed by
0.1ml prolotherapy (3ml of 25% dextrose, 2ml of 2% xylocaine,
1ml of injection neurobion, and 1ml of injection methecobal) as
intraarticular injection at week 2, 6, and 10 in the right knee.
After euthanasia of all groups, rats were placed in a supine posi-
tion on dissecting board and the right knee joint was identified.
Thekneejointwasexposed afterthe skinand extracapsularliga-
ments were dissected. The fibrous capsule and surrounding
tissues were carefully removed. A pediatric bone cutter (size 5)
was used to separate the femoral and tibial condyles. Gross
osteoarthritic change of articular cartilage were noted using a
hand lens. Modified outerbridge classification was used for
macroscopic scoringofarticular cartilage.’

After the macroscopic evaluation of articular cartilage, the
upper end of the tibia (the specimen) was fixed for 24 hours in
an appropriately labelled plastic container containing 10%
formalin. Containers were labelled as A, B, and Cfor group A, B,
and C, respectively. Specimen number was labelled as N."*°
Specimen were placed in ajar with 5% nitric oxide for decalcifi-
cation.' The bone was examined on the daily basis and decal-
cified when it became soft and flexible. The decalcification
process was completed in four days. A surgical blade was used
to cut the specimen into coronal section according to OARSI
guidelines.” Articular cartilage and subchondral bone was
present in each section. Tissue was processed in ascending
sequence of ethyl alcohol followed by infiltration and
embedded in paraffin wax at 58°C. The wax was than allow to
cool and solidify. Two blocks were made per specimen. Rotary
microtome was used to obtain 5 um thick sections. Sections
were floated on water bath at 45°C. Extra folds were removed
and sections were mounted on clear glass slide. Two slides per
block were made to evaluate histopathological changes. For
histological study Hematoxylin and eosin and toluidine blue
stainwasused.

Microscopic quantitative observations were observed and
measured by micrometry under 40X objective. Four observa-
tions were made for the number of chondrocytes from each
slide. Two from the central regions and two from the peripheral
regions across the articular cartilage. The mean was calculated
foreachslide. The final reading was taken after calculating the

mean of the individual slide of each animal. Cells with large
nucleus and basophilic cytoplasm surrounded by lacunaand halo
surroundinglacuna werelabelled as normal chondrocytes.”

Atfoursites thickness of articular cartilage in um was assessed,
two from the central regions and two from the peripheral
regions across the articular cartilage from surface to the tide
mark." The mean value was calculated for each slide. The final
reading was taken after calculating the mean of the individual
slideofeachanimal.

Toluidine blue stained slides were graded according to Mankin’s
histological histochemical grading system. The grade for OA
was calculated after counting the score foreach parameter. The
normal number of chondrocytes was determined using the
range of cells in the control group. Hypocellular and hypercel-
lular were labeled for cell count that was above or below this
range.Cloneswereidentifiedas clustersoffourormore chondro-
cytes.' Adecrease in matrix staining was noted in experimental
groups as adopted by Pauli et al.”” A tidemark criterion was
excluded, as calcified cartilage and subchondral bone was not
included, resulting in the Mankin score being modified to a total
scoreof 11."* Mild articular cartilage changes were shown as low
scores whereas severe OA was indicated as a high score.
Osteoarthritis was classified as (1-3 points) low, (4-7 points)
moderate, or (>8 points) high.”

IBM SPSS version 22 was used for statistical analysis. Quantita-
tive variables, were shown as means = SD whereas qualitative
variables were expressed as frequency and percentage. One-
way analysis of variance (ANOVA) was applied followed by Post
Hoc Tukey’s test to compare the difference in quantitative vari-
ables, whereas Chi-square test was used to analyse qualitative
variables. A p-value equal to or less than 0.05 was considered
significant.

RESULTS

Comparison of frequencies and percentage of gross evaluation
ofarticularcartilageaccordingtomodified-outer-bridge classifi-
cation between controlgroup A, group B, and Cisshownin Table
I. Significant deterioration in articular surface of group B was
observedincomparisonwithgroup A (p = <0.001**) where asin
group C significant improvement in articular cartilage surface
was observed in comparison with group B (p = 0.034*). There
was significant difference in articular surface of group A and
groupC(p=0.01%).

The comparison of number of chondrocytes and thickness of
cartilage among three groups is shown in Table Il and Figures 1
and 2. In group B significant decrease in number of chondro-
cytes (p = 0.005*) and thickness of cartilage (p = 0.001**) was
observed as compared to group A. In group C, significant
increase in number of chondrocytes (p = 0.003*) and thickness
of cartilage (p = 0.001**) were observed as compared to group
B. Statistically there was no significant difference in number of
chondrocytes between group A and group C (p-value 0.986).
While significant results were observed when thickness of carti-
lagewasobserved betweengroupAandgroup C(p=0.001**).
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Table I: Comparison of frequencies and percentage of gross evaluation of articular cartilage between control group A, group B, and group C.

Gross evaluation of cartilage surface Grade Groups (n=10) p-values for intergroup comparison

A B C Group Group Group

Avs. B B vs. C Avs, C

Normal cartilage 0 10(100%) 0 4(40%) <0.001** 0.034* 0.01*
Chondral lesions (soft and swell) 1 0 2(20%) 4(40%)
Partial-thickness defect with fissures reach the subchondral bone 2 0 4(40%) 2(20%)
Fissuring of the cartilage with an area reaching the subchondral bone 3 0 1(10%) 0
Erosion of the subchondral bone 4 0 3(30%) 0

Fisher’s exact test was applied for intergroup comparison.

Table II: Comparison of mean values of Number of chondrocytes and thickness of cartilage between control group A, group B, and group C.

Parameters Group A Group B Group C p-values for intergroup comparison
Group Group Group
Avs B B vs C Avs C
Number of chondrocytes 63.40 £ 13.18 48.30 £ 6.12 64.10 + 8.26 0.005* 0.003* 0.986
Thickness of cartilage 181.60 + 28.03 91.10 + 8.88 139.30 £ 11.77 <0.001** <0.001** <0.001**

Post Hoc Tukey'’s test was applied for intergroup comparison.

L

Figure 1: Photomlcrograph of a hlstologlcal sectlon of articular cartilage
showing the comparison of a number of chondrocytes in control group A,
experimental group B, and experimental group C. H&E 400X. (A) Normal
number of chondrocytes in A 10 rat of control group A. (B) Decreased
number of chondrocytes in B 10 rat of experimental group B. (C) Increased
number of chondrocytes and cloning of chondrocytes in C 10 rat of
experimental group C.

Key: Cloning (C).

The severity of osteoarthritis was assessed by using Mankin's
histological histochemical grading system shown in Figure 3.
Mean Mankin's score for group A, B, and C was (0.000+0.000),
(8.80+1.93), and (4.40+42.22), respectively. Intergroup
comparison showed highly significant results when group A was
compared with group B, group B was compared with group C
and group A was compared with group C with a p-value of
0.001**,

DISCUSSION

OA is currently the main cause of disability in elderly people,
affecting over 250 million people worldwide and posing a
significant financial strain on the healthcare system."”
Regenerative medicine products had adopted a new approach
for treating knee OA in recent years.
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Figure 2: Photomlcrograph of a hlstologlcal sectlon of articular
cartilage showing the comparison of the thickness of cartilage (um) in
control group A, experimental group B, and experimental group C.
H&E 400X. (A) Thickness of cartilage (80pm) in A10 rat of control
group A. (B) Thickness of cartilage (60pm) in B10 rat of experimental
group B. (C) Thickness of cartilage (100 pm) in C10 rat of experimental
group C.

Key: Cartilage thickness (CT).

It allowed the joint to restructure and heal on its own, resulting
in less pain, increased mobility, and avoiding the need for
invasive surgery.'® Prolotherapy is regarded as a valuable
procedure and is usually reserved for patients who have failed
other treatments or who are not surgical candidates. The
effectiveness of Prolotherapy was documented in previous
studies based on clinical outcomes and radiographic images.*

Regarding the gross appearance, articular cartilage belonging
to control group A were smooth, glistening, and intact,
reflecting features of normal cartilage. While group B showed
significant deterioration in the gross appearance of articular
cartilage in the form of chondral lesions, fissure, and erosion of
articular cartilage and fibrillation when compared with group A
and group C. According to Takahashi’s research, 1-mg of MIA
produce fissuring and fibrillation in the patellofemoral joint
after 2 weeks, this is similar to this study." The prolotherapy
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treated group C showned less damage to articular cartilage
that was statistically significant. Cartilage appeared normal
and intact in most of the specimens while few specimens
showed surface lesions and fissures extending to the mid-zone.
These findings were in agreement with previous studies in
which regenerative PRP was used for the treatment of knee
OA.ZO

e il 9 N
Figure 3: Photomicrograph of a histological section of articular cartilage
showing the comparison of matrix staining in control group A,
experimental group B, and experimental group C. Toluidine blue 400X.
(A) Normal staining of a matrix in A10 rat of control group A. (B) Sever
reduction of matrix staining in B10 rat of experimental group B. (C) Light
reduction of matrix staining in C10 rat of experimental group C.

When group B was compared with control group A and
group C, the intergroup comparison showed highly
significant results with a significant decrease in the number
of chondrocytes and significant decreases in thickness of
cartilage. The reason was high oxidative stress and chondro-
cytes apoptosis as a result of osteoarthritis progression. As
MIA inhibits glyceraldehyde 3 phosphates, an enzyme
involved in glycolysis of chondrocytes results in apoptosis
and death of chondrocytes.” The hallmark of osteoarthritis
progression is decrease in the number of chondrocytes and
extracellular matrix 10ss.?” In the present study, the
regenerative capacity of prolotherapy on the histological
basis was observed as an increase in the number of
chondrocytes, decrease in the size of chondrocytes as
compared to control group A, with cluster formation
(cloning), and increase in thickness of cartilage. Prolotherapy
stimulates the activity of fibroblast, cause proliferation of
vessels, deposition of collagen and cartilage growth as
supported by prolotherapy (10% dextrose) resulted in pain
relief,’ decreased knee swelling, and improvement in the
knee range of motion, with betterment in OA severity, based
on radiographic images.?”” In the present study, the
improvement in OA severity was observed on a histological
basis. Fulltern also conducted a randomised clinical trial that
found prolotherapy treatment improved radiological
grades.”

The severity of osteoarthritis was graded by using Mankin’s
histological histochemical grading system. In the present

study, the mean mankins’ score for control group A was 000
+ 0.000 (range 0-0) revealed no OA. While mean Mankins
score for group B was 8.80 = 1.93 (range 4-7, high-grade
OA). Monosodium iodoacetate-induced osteoarthritis was
evident on 2 weeks, and the non-treated experimental group
B was assessed on fourteenth weeks in the present study
had a definitive effect on cartilage and graded as high, as
shown in previous studies.” The mean Mankins score was
4.40 = 2.22 (range 1-3) in group C revealed moderate grade
OA. Prolotherapy had limited the progression of osteoarthritis
in this group. In patients with knee osteoarthritis, Dextrose
prolotherapy was found to be effective in lowering pain,
enhancing function, and improving quality of life.!

The authors recommend prolotherapy to patients with
established osteoarthritic changes after the confirmation of
regenerative histological changes seen in the present study.
Prolotherapy will be a promising method for the treatment of
knee OA in the future due to its ease of use, low cost, safety,
and outpatient treatment.

The limiting factor of this study was that histopathological
changes were not investigated in conjunction with biochemical
markers and radiological imaging to have a better under-
standing of the ameliorative effects of prolotherapy. Duration
of study should be widened in the future study and histopatho-
logical changes should be investigated in conjunction with
radiological imaging to have a better understanding of the
ameliorative effects of prolotherapy.

CONCLUSION

Prolotherapy significantly ameliorates the histomorphology
of tibial articular cartilage by improving gross morphology
and with corresponding increase in number of chondrocytes
and thickness of cartilage hence improving grade of OA
against MIA induced osteoarthritic changes in the rat knee
joint.

DISCLOSURE:
The article is extracted from a thesis project.

FUNDING:
This study was funded by the National University of Medical
Sciences (NUMS), Rawalpindi, Pakistan.

ETHICAL APPROVAL:

Ethical approval was taken from the ethics committee of
the Army Medical College / NUMS, Rawalpindi (ERC/ID/129)
prior to the initiation of the research work.

PATIENTS’ CONSENT:
Not applicable.

COMPETING INTEREST:
The authors declared no competing interest.

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(08):836-841

839



Ameliorative effects of prolotherapy on histomorphology of tibial articular cartilage of chemically induced osteoarthritic knee joint in a rat model

AUTHORS’ CONTRIBUTION:
AZ, KQ: Substantial contribution to the concept and drafting
the work.

natus repair by up to 12 weeks does not impair enthesis
formation: A quantitative histologic study in rabbits.  Orthop
Res 2006; 24(2):202-10. doi: 10.1002/jor.20031.

AT: Interpretation of the data and drafting of the work. 13. Miyamoto S, Nakamura ], Ohtori S, Orita S, Omae T,
MA: Substantial contribution to the interpretation of the data Nakajima T, et al. Intra-articular injection of mono-
and drafting of the work. iodoacetate in‘duces osteoarthritis of thle hip in rats. BMC
MRBK: Drafting and revising the final version. ’(\J/’l“g%ggzkfl Disord 2016; 17(1):1-7. doi: 10.1186/s12891-

MA: Drafting the histopathological study. ' .
All the authors have approved the final version of the 14. ;aal A, G?ertnzr J'd|'<u|eh'|m|g M, d$W°b‘;da tB' Kltuhg'ts"'
manuscriot to be published. acroscopic and radiological grading of osteoarthritis
P P correlates inadequately with cartilage height and
histologically demonstrable damage to cartilage structure.
REFERENCES Rheumatol Int 2005; 25(3):161-8. doi: 10.1007/500296-

004-0582-6.

1. Sert AT, Sen El, Esmaeilzadeh S, Ozcan E. The effects of 15. Pauli C, Whiteside R, Heras F, Nesic D, Koziol J, Grogan S, et
dextrose prolotherapy in symptomatic knee osteoarthritis: A al. Comparison of cartilage histopathology assessment
random|s§d cont.rolled StUdY.' J Alternative Complementary systems on human knee joints at all stages of osteoarthritis
Med 2020; 26(5):409-17. doi: 10.1089/acm.2019.0335. development. Osteoarthritis Cartilage 2012; 20(6):476-85.

2. Ojemolon PE, Shaka H, Edigin E, Gomez TMA, Eseaton P, doi: 10.1016/j.joca.2011.12.018.

Bello J, et al. Impact of diabetes mellitus on outcomes of 16. Thomas C, Fuller C, Whittles C, Sharif M. Chondrocyte death
patients with knee o.steoarthrltl.s who gnderwent knee by apoptosis is associated with cartilage matrix degradation.
arthroplasty: An analysis of the nationwide inpatient sample. Osteoarthritis and Cartilage 2007; 15(1):27-34. doi: 10.
Cureus 2020; 12(6). doi: 10.7759/cureus.8902. 1016/j.joca.2006.06.012

3. Samvelyan HJ, Hughes D, Stevens C, Staines KA. Models of 17. Zheng L, Zhang Z, Sheng P, Mobasheri A. The role of
osteoarthritis: Relevance and new insights. Calcif Tissue Int metabolism in chondrocyte dysfunction and the progression
2021; 109(3):243-56. doi: 10.1007/500223-020-00670- of osteoarthritis. Ageing Res Rev 2021; 66:101249. doi:

4. XuJ, Yan L, Yan B, Zhou L, Tong P, Shan L. Osteoarthritis 10.1016/j.arr.2020.101249.
pain model induced by intra-articular injection of mono- . - .

. ) . ) 18. Im G-I. Current status of regenerative medicine in
|307d9016;28t6TS In rats. J Vis Exp 2020; 159:€60649. doi: 10. osteoarthritis: Stem cells, exosomes, and genes. Bone Joint
' Res 2021; 10(2):134-6. doi: 10.1302/2046-3758.102.BJR-

5. Richards MM, Maxwell JS, Weng L, Angelos MG, Golzarian J. 2020-0517.R1.

!ntra-artlculfﬂr treatment of knee osteoa.rthrltls: IFrom anti- 19. Topol GA, Podesta LA, Reeves KD, Giraldo MM, Johnson LL,
Inflammatories to products of regenerative medicine. Phys Grasso R, et al. Chondrogenic effect of intra-articular hyper-
ggigtirf;sdzfzow; 44(2):101-8. doi: 10.1080/00913847. tonic-dextrose (prolotherapy) in severe knee osteoarthritis.

' ' . PM R 2016; 8(11):1072-82. doi: 10. 1016/j.pmrj.2016.03.

6. Baygutalp F, Celik M, Oztlrk MU, Yayik AM, Ahiskalioglu A. 008.
e o ere T8 20, L X, Won L M C Wang . Zhang Y, Sun . Excsomes
cross-sect?onal study. Appl Sci 2021; 11(21)_'9991 derived from platelet-rich plasma present a novel potential

' o ' ' . in alleviating knee osteoarthritis by promoting proliferation

7. Rabago D, Slattengren A, Zgierska A. Prolotherapy in and inhibiting apoptosis of chondrocyte via Wnt/B-catenin
primary care practice. Prim Care 2010; 37(1):65-80. doi: signaling pathway. J Orthopaedic Surg Res 2019; 14(1):
10.1016/j.pop.2009.09.013. 1-16. doi: 10.1186/s13018-019-1529-7.

8. Billesberger LM, Fisher KM, Qadri Y], Boortz-Marx RL. 21. Allas L, Brochard S, Rochoux Q, Ribet ], Dujarrier C,
Procedulra.l treatments for knee.osteoarthrltls: A review of Veyssiere A, et al. EZH2 inhibition reduces cartilage loss and
current injectable therapies. Pain Res Manag 2020; 2020. functional impairment related to osteoarthritis. Sci Rep
doi: 10.1155/2020/3873098. 2020; 10(1):1-12. doi: 10.1038/541598-020-76724-9.

9. Slattery C, Kweon CY. Classifications in brief: outerbridge 22. Choudhary D, Adhikary S, Ahmad N, Kothari P, Verma A,
classification of chondral lesions. Clin Orthop Relat Res Trivedi PK, et al. Prevention of articular cartilage
2018; 476(10):2101. doi: 10.1007/s11999.000000000000 degeneration in a rat model of monosodium iodoacetate
0255. induced osteoarthritis by oral treatment with Withaferin A.

10. Liu H, Zhu R, Liu C, Ma R, Wang L, Chen B, et al. Evaluation Biomed Pharmacother 2018; 99:151-61. doi: 10.1016/
of decalcification techniques for rat femurs using HE and j.biopha.2017. 12.113.
|mmunoh|stochem|ca| staining. Biomed Res Int 2017; 2017. 23. Hashemi M, Jalili P, Mennati S, Koosha A, Rohanifar R,
doi: 10.1155/2017/9050754. Madadi F, et al. The effects of prolotherapy with hypertonic
11. Takahashi I, Matsuzaki T, Kuroki H, Hoso M. Induction of dextrose versus prolozone (intraarticular ozone) in patients
osteoarthritis by injecting monosodium iodoacetate into the with knee osteoarthritis. Anesthesiol Pain Med 2015; 5(5):
patellofemoral joint of an experimental rat model. PLoS One €27585. doi: 10.5812/aapm.27585.
2018; 13(4):e0196625. doi: 10.1371/journal.pone.0196625. 24. Farpour HR, Fereydooni F. Comparative effectiveness of
12. Koike Y, Trudel G, Curran D, Uhthoff HK. Delay of supraspi- intra-articular prolotherapy versus peri-articular prolo-
840 Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(08):836-841



Agsa Zahid, Khadija Qamar, Asima Tabassum, Mehwish Abaid, Muhammad Rizwan Bashir Kiani and Maria Aslam

therapy on pain reduction and improving function in patients
with knee osteoarthritis: A randomised clinical trial. Electron
Physician 2017; 9(11):5663. doi: 10.19082/5663.

25. Shetty YC, Patil AE, Jalgaonkar SV, Rege NN, Salgaonkar S,
Teltumbde PA, et al. Intra-articular injections of ketamine

and 25% dextrose improve clinical and pathological
outcomes in the monosodium iodoacetate model of
osteoarthritis. | Basic Clin Physiol Pharmacol 2017; 28(6):
543-53. doi: 10.1515/jbcpp-2016-0135.

Journal of the College of Physicians and Surgeons Pakistan 2023, Vol. 33(08):836-841

841



