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ABSTRACT

Introduction: Ligament injury is a musculoskeletal problem th at requires effective regenerative therapy. Prolotherapy
with dextrose has been widely used, while nanochitosan has been developed as a new alternative due to its higher biological
activity, including anti-inflammatory, antioxidant, and fibroblast and epithelial stimulation effects. This study aimed to
compare the effects of 0.4% nanochitosan with 12.5% dextrose prolotherapy on type I collagen expression in wistar rat
patellar ligament injury.

Methods: The study design was a true experimental randomized post-test only control group. Thirty-three rats were divided
into three groups: Control (KK), nanochitosan prolotherapy (KN), and dextrose prolotherapy (KD). Type I Collagen
expression was measured on days 8, 14, and 21, calculated from the time of injury or 24 hours, 7 days, and 14 days after
prolotherapy using the ELISA method.

Results: The results showed that both dextrose and nanochitosan can increase the expression of type I collagen through
inflammatory mechanisms and fibroblast activation, supporting ligament tissue remodeling. Nanochitosan exhibits
bioactive activities including stimulation of fibroblast proliferation and anti-inflammatory effects that support tissue
regeneration. Although there was no statistically significant difference between the administration of nanochitosan and
dextrose, there was a significant temporal change from day 8 to 21, indicating stimulation and accumulation of type I
collagen expression due to prolotherapy treatment.

Conclusion: There was no difference between prolotherapy agents. Both prolotherapy agents stimulated type I collagen
expression in ligament injury healing. The numerical trends and additional biological properties of nanochitosan warrant
further investigation as an alternative prolotherapy agent.
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INTRODUCTION
Musculoskeletal injuries, particularly ligament damage,

this cascade, type I collagen synthesis is fundamental to
restoration of ligament strength and biomechanical

represent a significant global health concern affecting
millions annually and contributing substantially to
disability and reduced quality of life!. Ligament and tendon
injuries  comprise  approximately 50% of all
musculoskeletal injuries, with knee ligament injuries being
among the most common, frequently resulting in chronic
pain and functional impairment®>.

The normal healing process of ligament injuries progresses
through three distinct phases: the inflammatory phase (days
0-7), characterized by hemostasis, immune cell recruitment,
and initial cytokine production; the proliferative phase
(days 7-14), marked by fibroblast activation and collagen
deposition; and the remodeling phase (beyond day 21),
involving collagen maturation and cross-linking*. During

properties®.

Treatment approaches for ligament injuries include surgical
and non-surgical modalities. While surgical interventions
address severe injuries, non-surgical approaches
encompassing pharmacotherapy, regenerative injection
techniques, and physical rehabilitation have gained
prominence due to favorable risk-benefit profiles and cost-
effectiveness®. Among emerging regenerative therapies,
prolotherapy has demonstrated promising results in clinical
and preclinical settings’.

Prolotherapy, or proliferative injection therapy, involves
strategic injection of irritant solutions into damaged
ligamentous and tendinous structures to stimulate
endogenous healing cascades through controlled localized
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inflammation®. Hypertonic dextrose (12,5-25%) represents
the most widely used prolotherapy agent globally due to its
safety profile, water solubility, cost-effectiveness, and
documented capacity to promote tissue regeneration’. The
mechanism involves osmotic cell stress, selective cell lysis,
and subsequent recruitment of inflammatory cells and
growth factors that enhance fibroblast proliferation and
collagen synthesis!®.

Despite dextrose's established efficacy, investigation of
alternative prolotherapy agents may yield superior
outcomes. Chitosan, a naturally occurring polysaccharide
derived from crustacean exoskeletons, possesses multiple
bioactive properties including antimicrobial, anti-
inflammatory, antioxidant, and pro-regenerative effects!!.
Nanochitosan, characterized by markedly reduced
molecular weight (<3900 Da) and nanoscale particle
dimensions (10-1000 nm), represents an advanced
formulation with enhanced tissue penetration and
bioavailability'2.

Type I collagen comprises approximately 85% of total
collagen in ligaments and provides primary tensile strength
and structural integrity!’. Enhanced Type I collagen
synthesis directly correlates with improved healing
outcomes and restored biomechanical function'*. The role
of Type I collagen as a biomarker for regenerative therapy
efficacy is well-established in ligament healing research'>.

Limited comparative data currently exist regarding
nanochitosan versus dextrose prolotherapy effects on Type
I collagen expression during ligament healing. This study
addresses this research gap through rigorous comparison of
these prolotherapy agents using a validated in vivo ligament

injury.

METHODS

Study Design

This research applied a true experimental randomized post-
test only control group design. Out of 40 Wistar rats induced
with patellar ligament injury, seven were excluded during
adaptation, leaving 33 rats assigned into KK (control group,
n=9), KN (0.4% nanochitosan prolotherapy group, n=13),
and KD (12,5% dextrose prolotherapy group, n=11).
Procedure of Ligament Injury

Rats were anesthetized intramuscularly with a rat cocktail
containing 2.5% ketamine and 1% xylazine at 0.1 ml per
100 grams of body weight. The patellar ligament injury was
created by shaving and disinfecting the right hind knee,
making a 1 cm vertical incision from the patella to the tibial
tuberosity, followed by a horizontal transection across 30%
of the ligament's diameter. The wound was sutured and
treated with 2% topical mupirocin. This procedure can be
seen in Figure 1.

Figure 1. Ligament transection process in Wistar rats

Prolotherapy Preparation and Administration

Sterile solutions of dextrose and nanochitosan were
prepared at required concentrations. Nanochitosan was
produced at the Mineral and Material Processing
Laboratory, Institut Teknologi Sepuluh Nopember,
Surabaya, Indonesia, using shrimp shell as the raw material.
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Nanochitosan salts were synthesized using microwave
pyrolysis from shrimp shell without chemical additives,
producing particles averaging 60.73 nm, a molecular weight
of 244-258 Da, and a 98.99% degree of deacetylation. The
0.4% nanochitosan solution was made by dissolving 400
mg of nanochitosan salt in 100 ml sterile distilled water.
Seven days post-injury, 0.1 ml of the assigned prolotherapy
(dextrose or nanochitosan) was injected directly into the
injured ligament.

Sample Collection and Collagen Type 1 Measurement
Ligament tissues were collected on days 8, 14, and 21 after
injury. Sampled on days 8, 14, and 21 post injury, coded as
“i”, “p” respectively. Samples were homogenized

[731)
T

1”, “p”, and
and analyzed for collagen type I measurement using ELISA
following the manufacturer's guidelines.

Statistical Analysis

Normality and homogeneity were assessed using Shapiro-
Wilk and Levene’s tests. One-way ANOVA was conducted
for normally distributed data, with significance at p < 0.05.
For not normally distributed data, the Kruskal Wallis test
was used.

Table 1. Comparative Test of Rat Body Weight in Each

Group
Weight | Day- 8 Day — 14 | Day — 21 | p-
(gram) Mean =+ | Mean =+ | Mean =+ | value
SD) or|SD or|SD) or
(Median | Median | Median
(Min.- (Min.- (Min.-
Max.)) Max.) Max.)
KK 252+46 | 2325 +
232 (220 | 30,6 261,5 0,176"
—-305) 229 (204 | (221 -
—268) 302)
KN 2333 +]2322 + 2593 +10,177
14,5 22,2 25,8
259,5
(228 -
290)
KD 278 + 12558 +]232,5 +]0,186Y
32,7 16,7 30,7
229 (204
—268)
p-value | 0,198" 0,083

") Kruskal-Wallis test
V) ANOVA test

RESULTS

Demographic Characteristics

A total of 40 male Wistar rats were initially included in this
study. However, seven animals were excluded from the
final analysis due to mortality (six rats) and infection signs
(one rat), resulting in 33 rats for analysis. The rats had an
average body weight of 248.21 + 29.882 grams, ranging
from 204 to 308 grams. Normality and homogeneity tests
on body weight across the groups and sampling days
showed normal distribution (Shapiro-Wilk p > 0.05) except
for one group with only two samples where the test was not

applicable. Levene’s test confirmed homogeneity of
variances (p > 0.05). Comparisons of body weight between
groups showed no significant differences (p > 0.05),
indicating no confounding influence of weight (Table 1)
Type I Collagen Expression

Type I collagen expression patterns are illustrated across the
three groups: control (KK), 0,4% nanochitosan
prolotherapy (KN), and 0,25% dextrose prolotherapy (KD),
sampled on days 8, 14, and 21 post-injury, coded as “i”, “p”,
and “r” respectively. Normality testing using Shapiro-Wilk
confirmed normal distribution for all groups except control
day 21 (KKr, n=2, N/A : not analyzed), with p > 0.05 across
KKi, KKp, KNi, KNp, KNr, KDi, KDp, and KDr. Levene's
test verified homogeneity of variances (p>0.05) at each
comparison.

=T = :

Figure 2. Type I Collagen Expression in Control and
Prolotherapy Group

Type I collagen expression increased progressively across
all groups from day 8 to day 21 post-injury (Figure 2). At
day 8 (24 hours post-prolotherapy), mean expression was
highest in the nanochitosan group (KNi: 7.127 + 1.259
ng/ml), followed by control (KKi: 6.394 +2.088 ng/ml) and
dextrose (KDi: 5.400 + 1.697 ng/ml), with no significant
inter-group differences (ANOVA, p = 0.383). At day 14 (7
days post-prolotherapy), nanochitosan showed the highest
mean (KNp: 10.221 £ 2.527 ng/ml), followed by dextrose
(KDp: 9.581 + 1.650 ng/ml) and control (KKp: 9.517 +
2.336 ng/ml), but inter-group differences remained non-
significant (ANOVA, p = 0.871). On day 21 (14 days post-
prolotherapy), median values were highest in nanochitosan
(KNr: 13.677 ng/ml (12.030-18.293)), followed by
dextrose (KDr: 13.470 ng/ml (10.201-17.763)) and control
(KKr: 10.557 ng/ml (9.697-11.417)), with no significant
differences (Kruskal-Wallis, p = 0.194) (Table 2).

Table 2. Differences in Type I Collagen Expression in
Control and Prolotherapy Groups

Collagen Day- 8 | Day-14 | Day - 21 | p-
Type I|@) (p) (r) value
Expression | Mean + | Mean + | Mean =+
SD) or|SD or|SD) or
Median | Median | Median
Min. — | Min. — | (Min. -
Max) Max.) Max.)
KK 6,394 + | 9,517 +
2,088 2,336 10,557 0,108"
5,860 10,152 | (9,697 —
(4,624 — | (6,246 — | 11,417)
8,968) 11,519)
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KN 7,127 +] 10,221 14,419 + | 0,004¥
1,259 +2,527 | 2.717
13,677
(12,030
18,293)
KD 5,400 +| 9,581 + | 13,811 + | 0,005"
1,697 1,650 3,792
13,470
(10,201
17,763)
p-value 0,383 0,871
o T
") Kruskal-Wallis test
V) ANOVA test
However, within-group temporal analyses revealed

significant increases in prolotherapy groups. Nanochitosan
showed progression from 7.127 ng/ml (day 8) to 10.221
ng/ml (day 14) to 14.419 +2.717 ng/ml (day 21) (ANOVA,
p = 0.004), while dextrose prolotherapy also showed the
same pattern, increasing from 5.400 ng/ml (day 8) to 9.581
ng/ml (day 14) to 13.811 £ 3.792 ng/ml (day 21) (ANOVA,
p = 0.005). Control showed non-significant increases
(Kruskal-Wallis, p = 0.108) (Table 2).

Significant results in both prolotherapy groups were
reconfirmed with post hoc Tukey tests. The test confirming
significance in nanochitosan prolotherapy between days 8
and 21 (p = 0.003) (Table 3). On the other hand, dextrose
prolotheraphy also showed significant between days 8 and
21 (p=0.004) (Table 4).

These results suggest a natural increase in type I collagen
expression in the control group over time, but a more
pronounced and statistically significant increase in groups
receiving prolotherapy with nanochitosan or dextrose,
indicating their efficacy in enhancing collagen synthesis
during ligament healing.

Table 3. Post Hoc Tukey Test on nano chitosan (KN)

group

KNi KNp p-value
Mean + SD Mean + SD

7,127 +1.259 10,221 + 2,527 0,159
KNi KNr Nilai p
Mean + SD Mean + SD

7,127 +1.259 14,419+ 2,717 0,003
KNp KNr Nilai p
Mean + SD Mean + SD

10,221 +2.527 | 14,420+ 2,717 0,051

Table 4. Post Hoc Tukey Test on Dextrose Group (KD)

KDi KDp p-value
Mean + SD Mean + SD
5,400 + 1,697 | 9,581 + 1,650 0,87

KDi KDr Nilai p

Mean + SD Mean + SD

5,400 + 1,697 13,811 + 3,792 0,004

KDp KDr Nilai p

Mean + SD Mean + SD

9,581 +1,650 | 13,811+ 3,792 0,110
DISCUSSION

This study evaluated the effect of prolotherapy using
nanochitosan (KN) compared with 12.5% dextrose on type
I collagen expression in a rat patellar ligament injury. Type
I collagen is the predominant structural protein in ligaments
and tendons, constituting approximately 80% of dry weight
and providing essential tensile strength for functional
healing!®. Across all observation points (days 8, 14, and 21
after injury), type I collagen expression was assessed to
characterize the temporal dynamics of the healing response
and to determine the potential of nanochitosan as an
alternative prolotherapy agent to dextrose.

At day 8 after ligament injury and prolotherapy
administration, there was no statistically significant
difference in type I collagen expression among the groups
(KK, KN, and KD; p > 0.05). These results align with
ligament healing biology where inflammation dominates
days 1-7, with collagen synthesis just initiating!'*1°, Pro-
inflammatory cytokines (TNF-a, IL-1, IL-6) and immune
cell infiltration predominate, while fibroblast activation
remains suboptimal. Dextrose acts as osmotic irritant
triggering chemotaxis; nanochitosan begins anti-
inflammatory/fibroblast stimulation but requires time for
detectable ELISA changes (24 hours post-injection).

By day 14, all groups (KKp, KNp, KDp) All groups showed
physiological collagen increases versus day 8.
Nanochitosan exhibited highest mean (10.221 ng/ml)
though non-significant (p=0.871). Fibroblasts actively
produce matrix, but immature fibrils and natural control
increases reduce group contrast'”!, Dextrose promotes
PDGF/TGF-p release via controlled inflammation when

nanochitosan adds antioxidation optimizing
microenvironment'®, Biological variability and sample size
likely masked trends®.

On day 21, Peak expression occurred as expected®'.
Nanochitosan showed highest median (13.677 ng/ml),
followed by dextrose (13.470 ng/ml) and control (10.557
ng/ml), but non-significant (p=0.194). Collagen reorganizes
into aligned fibrils; nanochitosan's multifaceted effects
(antioxidation, angiogenesis, fibroblast proliferation)
support superior matrix maturation versus dextrose's
inflammation reliance!®!%?%2, ELISA limitations (total
quantity, not organization) and variability were contributed
to non-significance?*.

When temporal changes were analyzed within each
prolotherapy group across days 8, 14, and 21, distinct
patterns emerged. Control showed gradual non-significant
increase (p=0.108), reflecting natural healing peaking ~day
2173, Nanochitosan demonstrated significant progression
(p=0.004; day 8 vs 21 p=0.003), indicating enhanced
remodeling?. Dextrose similarly increased significantly
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(p=0.005; day 8 vs 21 p=0.004) via osmotic shock/cell lysis
stimulating collagen transition!%?!,

The significant increase in type I collagen expression from
day 8 to day 21 in both nanochitosan (KN) and dextrose
(KD) groups highlights their effectiveness in supporting
ligament healing mechanistically and functionally.
Nanochitosan's bioactive properties stimulate fibroblast
proliferation, reduce oxidative stress, and enhance
angiogenesis, promoting efficient tissue repair?>27?, In
contrast, dextrose induces a local inflammatory response
and osmotic shock that elevate growth factors like PDGF
and TGF-B, leading to increased collagen synthesis!'®2!,
While dextrose prolotherapy acts primarily through
inflammation-driven fibroblast activation and matrix
remodeling, nanochitosan's biochemical mechanisms
involve progressive depolymerization releasing bioactive
compounds that modulate inflammatory mediators and
promote higher fibroblast activity and survival?®*>*°, Prior
studies also report nanochitosan's role in enhancing
fibroblast migration and angiogenesis, supporting the
formation and organization of type I collagen matrix?%2%39,
Despite no significant difference observed between KN and
KD at individual time points, both prolotherapys exhibited
significant temporal increases, indicating meaningful
stimulation and accumulation of collagen type I over time.
Clinically, the trend toward higher collagen levels with
nanochitosan suggests potential for improved long-term
ligament strength and mechanical properties, as collagen
type 1 offers superior tensile strength??. Thus, nanochitosan
emerges as a promising alternative to dextrose prolotherapy,
warranting further studies with larger samples and longer
follow-up to confirm its clinical benefits.

The study has limitations including the short observation
period (days 8, 14, and 21), which does not cover the full
remodeling phase essential for collagen maturation and
ligament strength. These limits capturing long-term healing
effects and the peak collagen synthesis phase. Body weight
was only measured before prolotherapy and not during
sample collection, which may affect healing outcomes due
to nutritional status changes. The use of ELISA for
measuring collagen type I provides quantitative data but
lacks qualitative information on collagen structure,
organization, and cross-linking, which are important for
mechanical strength. ELISA results may also be influenced
by antibody cross-reactivity and protein degradation. Future
studies should include longer observation times, repeated
body weight monitoring, and complementary methods such
as immunohistochemistry and biomechanical testing to
provide more comprehensive insight into prolotherapy
effects.

CONCLUSION

This experimental study demonstrates that prolotherapy
with either 0,4% nanochitosan or 12,5% dextrose
successfully stimulates type I collagen expression in rat
patellar ligament injury healing. There was no difference
between prolotherapy agents. Both increased collagen
expression between day 8 and 21 after injury, confirming
successful activation of the regenerative cascade.

Nanochitosan demonstrated numerically superior collagen

expression at all measured timepoints and possesses

distinctive  biological properties  (anti-inflammatory,

antioxidant, direct fibroblast activation) beyond the

osmotic-inflammatory mechanism of dextrose. Although

superiority was not definitively demonstrated, these

findings support the feasibility and potential efficacy of

nanochitosan as a viable alternative prolotherapy agent.
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