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Abstract 

Objective:	To	analyze	IL-6	level	changes	following	combined	intra-articular	injection	of	
C.	vulgaris	gel	15%	and	I-PRF	in	a	Cavia	cobaya	TMJ	inIlammation	model,	and	to	evaluate	
dose-dependent	effects	at	gel	volumes	of	0.1	cc,	0.3	cc,	and	0.5	cc.	Materials	and	Methods:	
Twenty-Iive	male	Cavia	cobaya	were	divided	into	Iive	groups	(n	=	5):	negative	control	
(formalin	only),	positive	control	(I-PRF	alone),	and	three	treatment	groups	receiving	I-
PRF	combined	with	C.	vulgaris	gel	15%	at	0.1	cc,	0.3	cc,	or	0.5	cc.	InIlammation	was	in-
duced	by	intra-articular	formalin	1%	injection.	IL-6	was	assessed	by	immunohistochem-
istry	at	baseline,	Day	1,	and	Day	3	post-treatment.	Data	were	analyzed	using	paired	sam-
ple	t-tests,	independent	sample	t-tests,	one-way	ANOVA,	and	the	Wilcoxon	test.	Results:	
Formalin	injection	signiIicantly	elevated	IL-6	across	groups.	At	Day	3,	the	I-PRF	group	
and	I-PRF	+	CV	0.1	cc	group	showed	signiIicantly	lower	IL-6	than	control	(p	=	0.040).	
SigniIicant	within-group	IL-6	reductions	over	time	were	found	in	the	I-PRF	(p	=	0.012),	
I-PRF	+	CV	0.1	cc	(p	<	0.001),	and	I-PRF	+	CV	0.5	cc	(p	=	0.005)	groups.	The	I-PRF	+	CV	
0.1	cc	group	achieved	the	lowest	Day	3	mean	IL-6	value	(2.17	±	0.56).	The	I-PRF	+	CV	0.3	
cc	group	showed	no	signiIicant	reductions.	Conclusion:	Combined	I-PRF	and	C.	vulgaris	
gel	15%	effectively	reduced	IL-6	in	a	Cavia	cobaya	TMJ	inIlammation	model.	The	0.1	cc	
dose	produced	the	most	signiIicant	anti-inIlammatory	response,	with	a	non-linear	dose-
response	pattern	suggesting	an	optimal	therapeutic	window	for	this	combination. 
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Introduc)on 
The temporomandibular joint (TMJ) is a com-
plex synovial arOculaOon connecOng the man-
dible to the cranial base, involving the condyle, 
arOcular disc, and glenoid fossa. This joint is re-
sponsible for essenOal mandibular movements 
including mouth opening and closing, masOca-
Oon, speech, and yawning. Epidemiological 
data indicate that TMJ dislocaOon occurs at a 
rate of approximately 25 per 100,000 popula-
Oon annually, with higher incidence reported 

in children, females, and specific ethnic popu-
laOons such as Eskimo and Chinese communi-
Oes [1,2]. 
Inflammatory disorders of the TMJ carry a re-
ported prevalence of 34.2% in the general pop-
ulaOon. InflammaOon arises when intrinsic or 
extrinsic joint loading exceeds the adapOve ca-
pacity of joint Ossues, triggering a sequence of 
homeostaOc responses mediated by various in-
flammatory molecules. Key inflammatory 

mediators implicated in TMJ disorders include 
histamine, serotonin, kinins, eicosanoids, 
platelet-acOvaOng factor, nitric oxide, tumor 
necrosis factor, and interleukins [3]. 
The eOology of TMJ pain is mulOfactorial, en-
compassing trauma, parafuncOonal habits, 
psychosocial stress, and inflammatory pro-
cesses [4]. Pain associated with TMJ internal 
derangement (ID) or osteoarthriOs (OA) may 
arise from damage to the posterior arOcular 
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disc, synovial membrane, or carOlage. Inflam-
matory pain is driven by mediators such as 
prostaglandins, leukotrienes, bradykinin, and 
serotonin released by inflammatory cells, 
which are primarily synthesized from arachi-
donic acid via cyclooxygenase (COX)-1 and 
COX-2 pathways. Non-steroidal anO-inflamma-
tory drugs (NSAIDs) act by inhibiOng COX en-
zymes, thereby reducing prostaglandin pro-
ducOon and alleviaOng TMJ pain [5]. 
Current management of TMJ disorders encom-
passes conservaOve approaches, including die-
tary modificaOon, NSAIDs, anOdepressants, 
physiotherapy, and occlusal splints, as well as 
surgical intervenOons such as arthrocentesis, 
arthroscopy, and open joint surgery [6]. Ar-
throcentesis, considered a minimally invasive 
first-line surgical opOon for paOents unrespon-
sive to conservaOve therapy, aims to eliminate 
inflammatory mediators, restore synovial fluid 
viscosity, remove adhesions, and improve joint 
mobility. Intra-arOcular injecOons of agents 
such as hyaluronic acid (HA), corOcosteroids, 
platelet-rich plasma (PRP), and ozone may be 
administered independently or in conjuncOon 
with arthrocentesis [6]. 
In recent years, regeneraOve medicine has 
gained considerable afenOon for managing 
TMJ disorders. Injectable platelet-rich fibrin (I-
PRF), an autologous platelet concentrate, has 
demonstrated promising results in promoOng 
Ossue regeneraOon and modulaOng inflamma-
tory processes [4,7]. Platelet-rich fibrin (PRF) 
represents the second generaOon of platelet 
concentrates, releasing a fibrin-rich membrane 
along with platelets and growth factors. The fi-
brin matrix of PRF, with its unique three-di-
mensional reOcular structure, supports cell mi-
graOon and enables a sustained, slow release 
of growth factors and cytokines [8,9]. Unlike 
the first-generaOon concentrate PRP, PRF is 
prepared without biochemical anOcoagulant 
manipulaOon, yielding a fibrin network that 
more closely resembles natural physiological 
healing [10]. Albilia et al. demonstrated that I-
PRF maintains growth factors and cells within 
the joint space for at least 12 months, restoring 
intra-arOcular homeostasis and improving 
funcOonal acOvity [11]. Manafikhi et al. further 
confirmed the significant clinical efficacy of I-
PRF in treaOng arOcular clicking resulOng from 
internal TMJ derangement [12]. 
Among cytokines involved in inflammatory sig-
naling, interleukin-6 (IL-6) is a pleiotropic pro-
inflammatory cytokine produced by acOvated 
macrophages, T-cells, endothelial cells, and 
smooth muscle cells. IL-6 plays a central role in 
coordinaOng immune and inflammatory re-
sponses during infecOon and Ossue damage. It 
can be detected in plasma within 60 minutes of 

Ossue injury, peaking between 4 and 6 hours 
and remaining elevated for up to 10 days. IL-6 
promotes neutrophil maturaOon, macrophage 
acOvaOon, and the differenOaOon and mainte-
nance of cytotoxic T-lymphocytes and natural 
killer cells. CriOcally, it also mediates the tran-
siOon from acute to chronic inflammaOon, and 
has been idenOfied as a major pro-inflamma-
tory cytokine contribuOng to the pathogenesis 
of TMJ inflammaOon and disorders [3,13,14]. 
Accordingly, IL-6 consOtutes a relevant and 
measurable indicator of inflammatory acOvity 
in the joint Ossues. 
Concurrent with advances in regeneraOve ap-
proaches, there is growing interest in natural 
bioacOve substances as adjuncOve therapeuOc 
agents. Chlorella vulgaris (CV), a unicellular 
freshwater green microalga, has afracted in-
creasing scienOfic afenOon due to its rich nu-
triOonal profile and diverse bioacOve proper-
Oes [15,16]. The primary components of C. vul-
garis include chlorophyll, carotenoids, phyco-
bilin, and the unique Chlorella growth factor 
(CGF), all of which contribute to its anO-inflam-
matory, anOoxidant, anOmicrobial, anOtumor, 
and Ossue-regeneraOve acOviOes [17,18]. C. 
vulgaris has been shown to reduce the secre-
Oon of inflammatory cytokines, including cer-
tain interleukins and matrix metalloprotein-
ases (MMPs) associated with Ossue degrada-
Oon. Machmud E et al. demonstrated that a gel 
formulaOon of C. vulgaris at 15% concentraOon 
exhibited favorable physicochemical proper-
Oes, including adequate viscosity without mu-
cosal irritaOon, and accelerated wound healing 
as evidenced by increased fibroblast counts 
(Machmud et al., 2020). A 15% concentraOon 
was idenOfied as the most efficacious formula-
Oon, achieving more rapid wound closure com-
pared to 5% and 10% concentraOons. Further-
more, C. vulgaris contains calcium, iron, and 
vitamin D, which are essenOal for bone miner-
alizaOon, dental health, and calcium-phospho-
rus homeostasis, supporOng its potenOal role 
in bone and joint regeneraOon [17,19]. 
While I-PRF and C. vulgaris gel have each indi-
vidually demonstrated therapeuOc potenOal, 
their combined use in the context of TMJ in-
flammaOon has not yet been invesOgated. 
Platelet-rich fibrin acts directly on Ossue heal-
ing and structural repair, while C. vulgaris sup-
ports the body through anO-inflammatory and 
anOoxidant mechanisms, potenOally enhanc-
ing overall resilience and acceleraOng recovery 
[18,20]. This synergisOc combinaOon may offer 
a more holisOc and effecOve therapeuOc ap-
proach to inflammatory TMJ disorders. How-
ever, evidence regarding the combined effect 
of these two agents on inflammatory markers 
such as IL-6 in an in vivo model remains lacking. 

Therefore, this study aimed to analyze changes 
in IL-6 levels following combined intra-arOcular 
injecOon of Chlorella vulgaris gel 15% and in-
jectable platelet-rich fibrin (I-PRF) in a guinea 
pig (Cavia cobaya) model of TMJ inflammaOon, 
as a basis for evaluaOng this combined ap-
proach as a potenOal treatment modality for 
TMJ inflammatory condiOons. 
 
Materials and Methods 
Study design and ethical approval 
This study employed a laboratory experimental 
design with a pre-posttest approach using 
guinea pigs (Cavia cobaya) as the animal 
model. The study was conducted in October 
2025 across three faciliOes: the Biopharmacol-
ogy Laboratory of Hasanuddin University (for 
the preparaOon of Chlorella vulgaris gel 15%), 
Doc Pet Clinic (for animal housing, surgical pro-
cedures, sacrifice, and I-PRF preparaOon), and 
the Microbiology Laboratory of Hasanuddin 
University Teaching Hospital (for immuno-
histochemical examinaOon). All procedures 
were performed in accordance with insOtu-
Oonal guidelines for the care and use of labor-
atory animals. 
 
Animals and sample size 
A total of 25 male Cavia cobaya aged 3-4 
months, weighing 300-400 g, were used in this 
study. Sample size was calculated using the 
Federer formula for five experimental groups, 
yielding a minimum of five animals per group. 
Following a seven-day acclimaOzaOon period 
with standard pellet feeding, animals meeOng 
all inclusion criteria were enrolled. Inclusion 
criteria were male Cavia cobaya aged 3-4 
months, body weight between 300-400 g, and 
a general health status assessed as good (ade-
quate coat condiOon, no hair loss, acOve move-
ment, and uninterrupted food intake). Exclu-
sion criteria were body weight loss exceeding 
10% during the acclimaOzaOon period, appar-
ent signs of illness (reduced physical acOvity), 
and death during the study period. All 25 ani-
mals fulfilled the inclusion criteria, and no ani-
mals were excluded or died during acclimaOza-
Oon. 
 
Experimental groups 
Animals were randomly assigned to five groups 
of five animals each: 
Group 1 (negaOve control/placebo): intra-ar-
Ocular injecOon of formalin 1% only, to induce 
TMJ inflammaOon without therapeuOc inter-
venOon. 
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Group 2 (posiOve control): intra-arOcular injec-
Oon of I-PRF following formalin-induced in-
flammaOon. 
Group 3 (treatment): intra-arOcular injecOon of 
Chlorella vulgaris gel 15% (0.1 cc) combined 
with I-PRF following formalin-induced inflam-
maOon. 
Group 4 (treatment): intra-arOcular injecOon of 
Chlorella vulgaris gel 15% (0.3 cc) combined 
with I-PRF following formalin-induced inflam-
maOon. 
Group 5 (treatment): intra-arOcular injecOon of 
Chlorella vulgaris gel 15% (0.5 cc) combined 
with I-PRF following formalin-induced inflam-
maOon. 
 
Prepara#on of Chlorella vulgaris gel 15% 
Chlorella vulgaris extract was obtained by dry-
ing freshly harvested biomass using an herb 
dryer, followed by maceraOon to obtain the fil-
trate. The 15% gel formulaOon was prepared as 
follows: all materials were weighed (Chlorella 
vulgaris extract 15 g, propylene glycol 10 g, 
glycerol 10 g, methylparaben 0.12 g, NaCMC 3 
g, and disOlled water 100 ml). DisOlled water 
was heated in a beaker over a hot plate. 
NaCMC was then dispersed into the heated dis-
Olled water under conOnuous homogenizaOon 
unOl a homogeneous mixture was obtained. 
Propylene glycol, glycerol, and methylparaben 
were subsequently added and mixed unOl a 
uniform gel base formed. Chlorella vulgaris ex-
tract was incorporated into the gel base and 
mixed unOl homogeneous, yielding the final 
15% gel preparaOon. For injecOon, the re-
quired volumes of gel (0.1 cc, 0.3 cc, or 0.5 cc) 
were diluted with 1 cc of disOlled water and 
mixed unOl homogeneous prior to use. 
 
Prepara#on of injectable platelet-rich fibrin (I-
PRF) 
Blood was collected from the jugular vein of 
each Cavia cobaya (1 ml per animal) and placed 
directly into PRF tubes without anOcoagulant. 
Samples were centrifuged at low speed (2,500 
rpm for 10-15 minutes) to obtain a liquid-phase 
PRF suitable for injecOon. The I-PRF layer was 
carefully collected using a syringe and used im-
mediately. 
 
Induc#on of TMJ inflamma#on 
All animals were anestheOzed using a combina-
Oon of ketamine (0.4-0.6 ml/kg) and xylazine 
(1-2 ml/kg) administered via inhalaOon. An an-
OsepOc soluOon was applied to the injecOon 
site to minimize infecOon risk. Formalin 1% di-
luted 1:5 was injected at 0.2 cc into the TMJ 

region of all animals to induce localized acute 
inflammaOon. Animals were monitored closely 
a`er injecOon to assess the inflammatory re-
sponse and idenOfy any potenOal complica-
Oons. 
 
Arthrocentesis and intra-ar#cular injec#on 
procedure 
Following confirmaOon of inflammaOon, intra-
arOcular injecOons were administered via a 
double-puncture arthrocentesis technique. 
Anatomical landmarks were idenOfied by 
drawing a cantho-tragal reference line (from 
the lateral canthus to the tragus). The first 
puncture was made using a 26G Abocath nee-
dle directed posteromedially and slightly supe-
riorly, approximately 10 mm anterior to the 
tragus and 2 mm below the cantho-tragal line. 
The second puncture was placed approxi-
mately 10 mm anterior to the first entry point, 
or approximately 20 mm anterior to the tragus 
and 10 mm below the cantho-tragal line. Both 
needle Ops were posiOoned with the bevels 
facing upward to ensure they met within the 
joint space. Correct needle placement was con-
firmed by irrigaOng the joint with 1 cc of nor-
mal saline (NaCl). Upon confirmaOon, each 
group received the designated intra-arOcular 
injecOon according to its assigned protocol. 
 
Outcome measurement: immunohistochemi-
cal assessment of IL-6 
IL-6 levels were assessed by immunohisto-
chemistry (IHC) at four-Ome points: before for-
malin injecOon (pre-formalin/baseline), a`er 
formalin injecOon (post-formalin, to confirm 
inflammaOon inducOon), on day 1 post-treat-
ment, and on day 3 post-treatment. Blood 
samples were collected from the lateral saphe-
nous vein of each Cavia cobaya at all Ome 
points. A sample was also taken before forma-
lin injecOon at day 0 to establish a true pre-in-
flammatory baseline. Specimens were pro-
cessed at the Biochemistry Laboratory, Faculty 
of Medicine, Hasanuddin University, where IHC 
staining was performed to evaluate IL-6 ex-
pression levels. InflammaOon was defined as 
an IL-6 value above 50 pg/mL based on labora-
tory reference values. 
 
Variables 
The independent variables were Chlorella vul-
garis gel 15% (administered at varying vol-
umes: 0.1 cc, 0.3 cc, and 0.5 cc) and injectable 
platelet-rich fibrin (I-PRF). The dependent vari-
able was the serum IL-6 level measured by IHC 
at each Ome point. The controlled variable was 

formalin-induced TMJ inflammaOon applied 
uniformly across all groups. 
 
Sta#s#cal analysis 
All data were analyzed using R version 3.4.0 
and IBM SPSS StaOsOcs version 27. Data nor-
mality was assessed using the Shapiro-Wilk 
test. For normally distributed data (p > 0.05), 
paired sample t-tests were used for within-
group comparisons before and a`er formalin 
injecOon. Independent sample t-tests were 
used for between-group comparisons at each 
Ome point. One-way ANOVA was used to as-
sess IL-6 changes across observaOon Ome 
points within each group. For data not meeOng 
normality assumpOons, the Wilcoxon signed-
rank test was applied. A p-value below 0.05 
was considered staOsOcally significant. 
 
Results 
A total of 25 male Cavia cobaya were enrolled 
across five experimental groups (n = 5 per 
group). Following the seven-day acclimaOza-
Oon period, all animals demonstrated good 
general condiOon, maintained stable body 
weight with no loss exceeding 10%, and exhib-
ited acOve movement and normal food intake. 
No animal deaths or exclusions occurred dur-
ing the acclimaOzaOon period or throughout 
the study. 
 
Normality tes#ng 
 
Data distribuOon was assessed using the 
Shapiro-Wilk test for each group at each Ome 
point. Results are presented in Table 1. 
Most groups at all Ome points demonstrated 
normal data distribuOon (p > 0.05), supporOng 
the use of parametric staOsOcal tests. The only 
excepOons were the control group at the pre-
formalin Ome point (p = 0.002) and the I-PRF + 
CV 0.3 cc group at post-treatment Day 3 (p = 
0.039), for which non-parametric alternaOves 
were applied. 
 
IL-6 levels before and aYer formalin injec#on 
To confirm successful inflammaOon inducOon, 
IL-6 levels before and a`er formalin injecOon 
were compared within each group using paired 
sample t-tests. Results are presented in Table 
2. 
Table 2 shows that formalin injecOon induced 
a significant increase in IL-6 levels in the control 
group (p = 0.006), I-PRF + CV 0.1 cc group (p = 
0.003), I-PRF + CV 0.3 cc group (p = 0.012), and 
I-PRF + CV 0.5 cc group (p = 0.006). The I-PRF 
group showed a notable increase in mean IL-6 



  Interleukin-6 Levels in the Temporomandibular Joint A`er InjecOon of Chlorella vulgaris and Platelet-Rich Fibrin 

Vol 14, No 1 (2026)    DOI 10.5195/d3000/2026.1318 

	

	http://dentistry3000.pitt.edu	
4	

from 1.68 ± 1.15 to 10.25 ± 6.81, although this 
did not reach staOsOcal significance (p = 0.062), 
likely afributable to the higher within-group 
variability in this group. 
 
Comparison of IL-6 levels between the control 
and I-PRF groups across observa#on #me 
points 
Table 3 presents the between-group compari-
son of IL-6 levels between the control and I-PRF 
groups at baseline (post-formalin) and at Days 
1 and 3 post-treatments, assessed using inde-
pendent sample t-tests. 
No staOsOcally significant difference in IL-6 lev-
els was observed between the control and I-
PRF groups at baseline (p = 0.731), confirming 
comparable inflammaOon inducOon across 
groups. By Day 3 post-treatment, the I-PRF 
group demonstrated a significantly lower IL-6 
level compared to the control group (p = 
0.040), indicaOng a meaningful anO-inflamma-
tory effect of I-PRF by the third day of observa-
Oon. 
 
Comparison of IL-6 levels between the control 
and I-PRF + CV 0.1 cc groups across observa-
#on #me points 
As shown in Table 4, the I-PRF + CV 0.1 cc group 
showed no significant difference from the con-
trol at baseline (p = 0.104) or at Day 1 (p = 
0.090). By Day 3 post-treatment, however, the 
I-PRF + CV 0.1 cc group exhibited a significantly 
lower IL-6 level compared to control (p = 
0.040), indicaOng that this combinaOon pro-
duced a comparable anO-inflammatory effect 
to I-PRF alone by Day 3. 
 
Comparison of IL-6 levels between the control 
and I-PRF + CV 0.3 cc groups across observa-
#on #me points 
Table 5 shows that no staOsOcally significant 
difference in IL-6 levels was observed between 
the control and I-PRF + CV 0.3 cc groups at any 
of the three-Ome points, including Day 3 post-
treatment (p = 0.104). 
 
Comparison of IL-6 levels between the control 
and I-PRF + CV 0.5 cc groups across observa-
#on #me points 
As presented in Table 6, no statistically signifi-
cant difference was found between the con-
trol and I-PRF + CV 0.5 cc groups at any time 
point. The IL-6 levels in the I-PRF + CV 0.5 cc 
group decreased from baseline (10.98 ± 4.33) 
to Day 3 (3.00 ± 1.68), yet this reduction did 
not significantly differ from the control group 
trajectory (p = 0.169). 
 
Longitudinal comparison of IL-6 levels within 
each group across observation time points 

To evaluate the within-group dynamics of IL-6 
change over time, one-way ANOVA was ap-
plied across the three-time points (baseline, 
Day 1, and Day 3 post-treatment). Results are 
presented in Table 7. 
Table 7 demonstrates that staOsOcally signifi-
cant reducOons in IL-6 levels over Ome were 
observed in the I-PRF group (p = 0.012), I-PRF + 
CV 0.1 cc group (p < 0.001), and I-PRF + CV 0.5 
cc group (p = 0.005). The I-PRF + CV 0.1 cc 
group exhibited the most consistent and signif-
icant progressive reducOon in IL-6 across all 
Ome points, with the lowest final mean value 
at Day 3 (2.17 ± 0.56). In contrast, the control 
group (p = 0.168) and the I-PRF + CV 0.3 cc 
group (p = 0.066) did not show staOsOcally sig-
nificant within-group changes over Ome, sug-
gesOng that the absence of acOve treatment or 
a mid-range dose of CV gel was insufficient to 
produce a measurable temporal reducOon in 
IL-6 levels under the condiOons of this study. 
 
Discussion 
This study invesOgated the effect of combined 
intra-arOcular injecOon of Chlorella vulgaris gel 
15% and injectable platelet-rich fibrin (I-PRF) 
on interleukin-6 (IL-6) levels in a guinea pig 
model of temporomandibular joint (TMJ) in-
flammaOon. The primary findings indicate that 
formalin injecOon successfully induced acute 
TMJ inflammaOon as evidenced by significant 
elevaOon of IL-6 levels across groups. Subse-
quent treatment with I-PRF alone and in com-
binaOon with C. vulgaris gel at selected doses 
resulted in meaningful reducOons in IL-6, with 
response paferns that varied according to the 
volume of C. vulgaris gel administered. 
The significant increase in IL-6 levels following 
formalin injecOon observed across groups is 
consistent with the well-established role of for-
malin as a chemical irritant that acOvates the 
nuclear factor kappa B (NF-kB) pathway, trig-
gering local release of pro-inflammatory medi-
ators. IL-6 is produced by acOvated macro-
phages, fibroblasts, and synovial cells in re-
sponse to Ossue injury and is recognized as one 
of the principal pro-inflammatory cytokines in 
TMJ pathology [3]. The elevaOon of IL-6 above 
50 pg/mL in the inflamed groups confirmed 
that the inducOon model was effecOve, provid-
ing a valid inflammatory baseline from which 
treatment effects could be evaluated. These 
findings align with established evidence that 
formalin injecOon into joint Ossues reliably ac-
Ovates NF-kB-mediated inflammatory cas-
cades and sOmulates the release of local in-
flammatory mediators [5]. 
The I-PRF group demonstrated a staOsOcally 
significant reducOon in IL-6 levels over Ome (p 

= 0.012), with a parOcularly pronounced de-
crease between baseline and Day 1 post-treat-
ment, followed by further reducOon at Day 3. 
By Day 3, IL-6 levels in the I-PRF group were sig-
nificantly lower than those in the control group 
(p = 0.040). This finding supports the recog-
nized anO-inflammatory mechanism of PRF, 
which acts through the three-dimensional fi-
brin matrix serving as a structural scaffold and 
sustained-release reservoir for growth factors 
including transforming growth factor-beta 
(TGF-b), platelet-derived growth factor (PDGF), 
vascular endothelial growth factor (VEGF), and 
insulin-like growth factor (IGF). Beyond sup-
porOng Ossue repair and angiogenesis, PRF 
modulates the inflammatory response by influ-
encing macrophage proliferaOon and promot-
ing a phenotypic shi` from the pro-inflamma-
tory M1 profile toward the anO-inflammatory 
M2 profile, thereby suppressing pro-inflamma-
tory cytokine producOon including IL-6 [8]. 
These findings are further supported by Kar-
garpour et al., who demonstrated that PRF re-
duces IL-6 expression in mesenchymal cells and 
macrophages through inhibiOon of pro-inflam-
matory cytokine expression and downregula-
Oon of NF-kB-p65 phosphorylaOon [21]. Fur-
thermore, Albilia et al. reported that I-PRF sus-
tains the retenOon of growth factors and cells 
within the joint space for at least 12 months, 
supporOng prolonged intra-arOcular homeo-
stasis [11]. 
Among the combinaOon treatment groups, the 
I-PRF + CV 0.1 cc group produced the most con-
sistent and staOsOcally significant reducOon in 
IL-6 across all observaOon Ome points (p < 
0.001), achieving the lowest mean IL-6 value at 
Day 3 (2.17 ± 0.56). This group also demon-
strated a significant difference from the control 
group at Day 3 (p = 0.040). The I-PRF + CV 0.5 
cc group similarly showed a significant within-
group reducOon over Ome (p = 0.005), though 
the between-group difference compared to 
the control did not reach staOsOcal significance 
at any Ome point. In contrast, the I-PRF + CV 
0.3 cc group failed to demonstrate significant 
IL-6 reducOon either within-group over Ome (p 
= 0.066) or compared to the control at Day 3 (p 
= 0.104). 
Notably, the dose-response relaOonship ob-
served in this study was non-linear, with the 
lowest volume of C. vulgaris gel (0.1 cc) produc-
ing greater IL-6 reducOon than both the 0.3 cc 
and 0.5 cc doses. This pafern may be explained 
through the concept of hormesis, in which low 
doses of a bioacOve substance elicit opOmal 
therapeuOc responses, while higher doses may 
paradoxically afenuate or even reverse the in-
tended biological effect through adapOve 
counter-regulatory mechanisms [22]. In 
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addiOon, increasing the volume of a gel-based 
formulaOon may raise its viscosity within the 
joint space, thereby impeding the diffusion of 
bioacOve compounds toward target Ossues 
and reducing bioavailability in a dose-depend-
ent manner. This would explain why the anO-
inflammatory efficacy of C. vulgaris gel did not 
scale proporOonally with increasing volume. 
The complex dose-response interacOon ob-
served here is also consistent with findings re-
ported by Shafei et al., who noted that increas-
ing doses of C. vulgaris supplementaOon did 
not consistently enhance IL-6 reducOon, parOc-
ula rly in the absence of a proporOonal biologi-
cal gradient [23]. Similarly, MarOns et al. de-
scribed saturaOon effects in which beyond a 
certain concentraOon threshold, addiOonal 
quanOOes of bioacOve compounds no longer 
produce commensurate increases in bioavaila-
bility or efficacy [24]. Inter-individual variability 
in biological responses, as well as other modu-
latory factors, may further contribute to the 
non-linear dose-response pafern observed 
across groups [23]. 
The anO-inflammatory acOvity of C. vulgaris ob-
served in this study is afributable to its bioac-
Ove consOtuents, including chlorophyll, carote-
noids, flavonoids, phenolic acids, tannins, and 
Chlorella growth factor (CGF). These com-
pounds exert anO-inflammatory and anOoxi-
dant effects through mulOple molecular path-
ways, including the suppression of reacOve ox-
ygen species (ROS), inhibiOon of NF-kB acOva-
Oon, and downregulaOon of the transcripOon 
of pro-inflammatory cytokine genes including 
IL-1b, IL-6, and tumor necrosis factor-alpha 
(TNF-a) [18,25]. Phenolic compounds act as an-
Ooxidants by chelaOng metal ions, prevenOng 
radical formaOon, and enhancing the endoge-
nous anOoxidant system, collecOvely reducing 
oxidaOve stress-driven inflammatory signaling 
[26]. These mechanisms are supported by the 
in vitro findings of Sibi et al. (2016), who 
demonstrated that C. vulgaris extract dose-de-
pendently inhibited the producOon of nitric ox-
ide (NO), prostaglandin E2 (PGE2), TNF-a, and 
IL-6 in lipopolysaccharide-acOvated RAW 264.7 
macrophages [27]. The capacity of C. vulgaris 
to stabilize human red blood cell membranes 
against hemolysis, as reported by Kurnia D et 
al., further reflects its significant anO-inflam-
matory potenOal at the cellular level [28]. 
The observed efficacy of C. vulgaris at the 15% 
gel concentraOon in the context of TMJ inflam-
maOon is consistent with findings from 
Machmud E et al., who demonstrated that a 
15% C. vulgaris gel preparaOon accelerated 
wound healing in animal Ossue models, as evi-
denced by increased fibroblast counts. That 
study idenOfied the 15% concentraOon as the 

most physicochemically opOmal formulaOon, 
exhibiOng adequate viscosity, low spreadabil-
ity, and no mucosal irritaOon, while producing 
faster wound closure compared to 5% and 10% 
concentraOons [25]. Furthermore, Souza et al. 
demonstrated that combining C. vulgaris with 
addiOonal bioacOve agents such as fish skin col-
lagen and silver nitrate in an emulgel formula-
Oon produced synergisOc effects, resulOng in 
enhanced neovascularizaOon and re-epitheli-
alizaOon in a burn wound model [29]. This sup-
ports the raOonale that combining C. vulgaris 
with I-PRF, another biologically acOve agent, 
may potenOate Ossue healing through comple-
mentary mechanisms. 
The synergisOc anO-inflammatory effect pro-
posed for the combinaOon of I-PRF and C. vul-
garis gel is hypothesized to operate through 
two principal mechanisms: first, cellular im-
munomodulaOon through the regulaOon of 
macrophage and fibroblast acOvity within the 
joint; and second, reducOon of oxidaOve stress 
accompanied by enhanced Ossue regeneraOon 
[22]. In this framework, I-PRF predominantly 
contributes through local intra-arOcular Ossue 
repair and structural regeneraOon, while C. 
vulgaris provides complementary systemic 
anO-inflammatory and anOoxidant support. 
This dual-pathway approach is consistent with 
reports by Shafei et al., who found that C. vul-
garis supplementaOon combined with high-in-
tensity interval training significantly reduced 
serum IL-6 in overweight individuals, suggest-
ing a systemic anO-inflammatory role for C. vul-
garis beyond its local effects [30]. The com-
bined approach is therefore conceptually 
aligned with the biologically holisOc strategy 
described by Maniyar N et al. and Azlan ZN et 
al., in which the regeneraOve capacity of PRF is 
complemented by the prevenOve and im-
munomodulatory properOes of C. vulgaris to 
produce more effecOve and durable Ossue 
healing [18,20]. 
The clinical relevance of these findings lies in 
the potenOal of this combined biological ap-
proach as an alternaOve to convenOonal phar-
macological therapy for TMJ inflammaOon, 
parOcularly for paOents with contraindicaOons 
to prolonged NSAID or corOcosteroid use. In-
tra-arOcular corOcosteroid injecOons, while 
commonly employed, have been associated 
with arOcular carOlage erosion and are not uni-
versally recommended for repeated admin-
istraOon [31]. The combinaOon of I-PRF and C. 
vulgaris gel represents a minimally invasive, bi-
ocompaOble, and autologous-based strategy 
that supports both the suppression of inflam-
matory mediators and the promoOon of joint 
Ossue regeneraOon, addressing the dual 

therapeut ic goals of pain relief and structural 
recovery in TMJ disorders. 
This study has several limitaOons that should 
be considered when interpreOng these results. 
First, the use of Cavia cobaya as the animal 
model, while jusOfied by its physiological simi-
lariOes to humans including the absence of en-
dogenous vitamin C synthesis and the presence 
of acOve epidermal melanocytes, does not fully 
replicate the complexity of human TMJ inflam-
maOon. GeneralizaOon of these findings to clin-
ical populaOons requires further confirmaOon 
through human clinical trials. Second, the in-
flammatory response was evaluated exclu-
sively through IL-6 as a single biomarker. TMJ 
inflammaOon involves a broader network of 
pro-inflammatory mediators including TNF-a 
and IL-1b, and the measurement of IL-6 alone 
does not provide a comprehensive characteri-
zaOon of the inflammatory dynamics occurring 
within the joint. Future studies should incorpo-
rate a broader panel of inflammatory cytokines 
to more fully elucidate the biological effects of 
this combined treatment. Third, the observa-
Oon period of three days, while sufficient to 
demonstrate early anO-inflammatory effects, is 
relaOvely short for capturing the full trajectory 
of Ossue regeneraOon and inflammatory reso-
luOon. Longer follow-up periods would be nec-
essary to assess the durability of the treatment 
effect and the extent of joint Ossue recovery. 

 
Conclusion 
This study demonstrated that intra-arOcular in-
jecOon of formalin effecOvely induced acute 
TMJ inflammaOon in Cavia cobaya, as con-
firmed by significant elevaOon of IL-6 levels 
across all experimental groups. Treatment with 
I-PRF alone and in combinaOon with Chlorella 
vulgaris gel 15% at a volume of 0.1 cc produced 
staOsOcally significant reducOons in IL-6 levels 
over Ome, with the I-PRF + CV 0.1 cc combina-
Oon achieving the most consistent progressive 
reducOon across all observaOon Ome points 
and the lowest mean IL-6 value at Day 3 post-
treatment. The I-PRF + CV 0.5 cc group also 
demonstrated a significant within-group IL-6 
reducOon over Ome, though without reaching 
a significant difference from the control at any 
individual Ome point. The I-PRF + CV 0.3 cc 
group did not produce staOsOcally significant 
IL-6 reducOon in either within-group or be-
tween-group comparisons, indicaOng that the 
dose-response relaOonship of C. vulgaris gel in 
this combined formulaOon is non-linear. 
The combinaOon of I-PRF and C. vulgaris gel 
15% represents a promising minimally inva-
sive, biocompaOble, and biologically synergis-
Oc approach to managing TMJ inflammaOon 
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through the reducOon of pro-inflammatory cy-
tokine IL-6. The complementary mechanisms 
of I-PRF, operaOng through local immunomod-
ulaOon and Ossue regeneraOon, and C. vul-
garis, contribuOng anOoxidant and systemic 
anO-inflammatory acOvity, support the poten-
Oal of this combinaOon as a viable alternaOve 
to convenOonal pharmacological therapy, par-
Ocularly for paOents with contraindicaOons to 
prolonged NSAID or corOcosteroid use. Further 
studies involving broader cytokine panels, 
longer observaOon periods, and human clinical 
trials are warranted to confirm and extend 
these findings. 
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Table 1. Shapiro-Wilk normality test results for IL-6 levels across groups and Ome points. 

Time Point Group N p-value 

Pre-formalin Control 5 0.002 

 I-PRF 5 0.32* 

 I-PRF + CV 0.1 cc 5 0.993* 

 I-PRF + CV 0.3 cc 5 0.322* 

 I-PRF + CV 0.5 cc 5 0.816* 

Post-formalin Control 5 0.575* 

 I-PRF 5 0.338* 

 I-PRF + CV 0.1 cc 5 0.066* 

 I-PRF + CV 0.3 cc 5 0.132* 

 I-PRF + CV 0.5 cc 5 0.531* 

Post-treatment Day 1 Control 5 0.862* 

 I-PRF 5 0.404* 

 I-PRF + CV 0.1 cc 5 0.178* 

 I-PRF + CV 0.3 cc 5 0.089* 

 I-PRF + CV 0.5 cc 5 0.254* 

Post-treatment Day 3 Control 5 0.993* 

 I-PRF 5 0.099* 

 I-PRF + CV 0.1 cc 5 0.487* 

 I-PRF + CV 0.3 cc 5 0.039 

 I-PRF + CV 0.5 cc 5 0.449* 

*p > 0.05: normally distributed (Shapiro-Wilk test) 
 
Table 2. Comparison of IL-6 levels before and a`er formalin injecOon across experimental groups. 

Group N 
Pre-formalin 
(mean ± SD) 

Post-formalin 
(mean ± SD) 

p-value (paired 
sample t-test) 

Control 
I-PRF 

I-PRF+ CV 0,1 cc 
I-PRF+ CV 0,3 cc 
I-PRF+ CV 0,5 cc 

5 
5 
5 
5 
5 

2.67 ± 3.4 
1.68 ± 1.15 
1.34 ± 0.42 
2.11 ± 1.5 

1.81 ± 1.22 

9.02 ± 3.57 
10.25 ± 6.81 
5.94 ± 1.17 
7.25 ± 4.04 

10.98 ± 4.33 

0.006 
0.062 
0.003 
0.012 
0.006 

 
Table 3. Comparison of IL-6 levels between the control and I-PRF groups across observaOon Ome points. 

Time Point 
Control 

(mean ± SD) 
I-PRF 

(mean ± SD) 
p-value (independent 

sample t-test) 

Baseline (post-formalin) 
Day 1 post-treatment 
Day 3 post-treatment 

9.02 ± 3,57 
6.94 ± 2,98 
5.17 ± 2,72 

10.25 ± 6.81 
2.98 ±1.08 
2.11 ± 0.97 

0.731 
0.09 
0.04 
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Table 4. Comparison of IL-6 levels between the control and I-PRF + CV 0.1 cc groups across observaOon Ome points. 

Time Point 
Control  

 (mean ± SD) 
PRF+ CV 0,1 cc 
(mean ± SD) 

p-value (independ-
ent sample t-test) 

Baseline (post-formalin) 
Day 1 post-treatment 
Day 3 post-treatment 

9.02 ± 3.57 
6.94 ± 2.98 
5.17 ± 2.72 

5.94 ± 1.17 
3.98 ± 0.54 
2.11 ± 0.60 

0.104 
0.09 
0.04 

 
Table 5. Comparison of IL-6 levels between the control and I-PRF + CV 0.3 cc groups across observaOon Ome points. 

Time Point 
Control 

(mean ± SD) 
I-PRF+ CV 0,3 cc 

(mean ± SD) 
p-value (independent 

sample t-test) 

Baseline (post-formalin) 
Day 1 post-treatment 
Day 3 post-treatment 

9.02 ± 3.57 
6.94 ± 2.98 
5.17 ± 2.72 

7.25 ± 4.04 
4.32 ± 2.66 
2.68 ± 1.31 

0.484 
0.181 
0.104 

 
Table 6. Comparison of IL-6 levels between the control and I-PRF + CV 0.5 cc groups across observaOon Ome points. 

Time Point 
Control 

(mean ± SD) 
PRF+ CV 0,5 cc 

(mean ± SD) 
p-value (independent 

sample t-test) 

Baseline (post-formalin) 
Day 1 post-treatment 
Day 3 post-treatment 

9.02 ± 3.57 
6.94 ± 2.98 
5.17 ± 2.72 

10.98 ± 4.33 
6.48 ± 3.15 
3.00 ± 1.68 

0.458 
0.821 
0.169 

 
Table 7. Comparison of IL-6 levels across observaOon Ome points within each experimental group. 

Group 
Baseline 

 (mean ± SD) 
Day 1 post-treatment 

(mean ± SD) 
Day 3 post-treatment 

(mean ± SD) 
p-value (one-
way ANOVA) 

Control 
PRF  

I-PRF+ CV 0.1 cc 
I-PRF+ CV 0.3 cc 
I-PRF+ CV 0.5 cc 

  9.02 ± 3.57 
10.25 ± 6.81 
5.94 ± 1.17 
7.25 ± 4.04 

10.98 ± 4.33 

6.75 ± 3.41 
2.71 ±1.04 
3.99 ± 0.62 
4.18 ± 3.05 
7.14 ± 3.22 

5.19 ±2.44 
2.11 ± 0.87 
2.17 ± 0.56 
2.71 ± 1.17 
3.14 ± 1.55 

0.168 
0.012 
0.000 
0.066 
0.005 

 
 


