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Abstract. - OBJECTIVE: Achilles tendi-
nopathy is a frequent pathological condition in
adults with overused ankles, causing microtrau-
ma, inducing tenocyte apoptosis and inflam-
matory response. Common treatment involves
oral prescription or injection of anti-inflamma-
tory agents, surgery, or shock-wave therapy.
However, prolonged administration is not advis-
able due to adverse effects. Therefore, a novel
and safe regimen is needed. Curcuma longa and
Glycyrrhiza glabra extracts are known for their
anti-inflammatory effects owing to their active
compounds (curcumin and glycyrrhizin, respec-
tively). This study aimed to determine the effect
of combined extracts of Curcuma longa and Gly-
cyrrhiza glabra on tendon healing in an animal
model of Achilles tendinopathy (Wistar rats).
MATERIALS AND METHODS: This study took
place from February to May 2022 and compared
the regimens administered to 32 animal mod-
els of Wistar rats with 4 healthy rats as a control
group to determine the most effective therapeutic
regimen: immobilization, immobilization with ibu-
profen, or immobilization with the combined ex-
tract. The outcomes were measured to find which
intervention provided the lowest inflammatory
markers [High Mobility Group Box-1 (HMGB-1),
Tumor Necrosis Factor-a (TNF-a), Chemokin mo-
tif ligand 12 (CXCL-12)], and improved tissue
morphology represented by the BONAR score,
decreased cross-sectional area (CSA), and in-
creased Macrophage 2 (M2) differentiation.
RESULTS: After Achilles tendinopathy was
induced, total immobilization (1) was proven
to be the most effective with the lowest CSA,
whereas immobilization+175 mg/kg Curcuma
longa+110 mg/kg Glycyrrhiza glabra extract (15)
was the most effective with the lowest HMGB-1

levels and the lowest CXCL-12 levels. Immobi-
lization+131 mg/kg Curcuma longa+82.5 mg/kg
Glycyrrhiza glabra extract (16) was the most ef-
fective with the lowest Bonar score, while immo-
bilization+87.5 mg/kg Curcuma longa+55 mg/kg
Glycyrrhiza glabra extract (17) was proven to be
the most effective with the highest M2 coverage
area and the lowest TNF-a levels.
CONCLUSIONS: We found that combined ex-
tract therapy was the most effective intervention
for treating Achilles tendinopathy due to its abil-
ity to provide the lowest inflammatory markers.

Key Words:

Bonar score, Chemokin motif ligand 12, Curcuma
longa, Glycyrrhiza glabra, High Mobility Group Box-1,
Macrophage 2, Tumor Necrosis Factor-a.

Introduction

Achilles tendinopathy is the most common
Achilles tendon disorder among runners and
people with high mobility. In Europe, 37 per
100,000 people suffer from Achilles tendi-
nopathy. Approximately 30% of professional
runners are having this condition, with an in-
cidence varying between 7-9% in professional
runners and 9% in recreational athlete'2.

Achilles tendinopathy occurs approximately
2-7 cm above the calcaneal insertion due to me-
chanical overuse of the Achilles tendon, which
induces microtrauma and tenocyte apoptosis
due to cellular stress®. Tenocyte apoptosis re-
leases damage-associated molecular patterns,
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especially high-mobility group box 1 (HM-
GB-1)*. This HMGB-1 activates the nuclear
factor kappa B (NF-«xB) pathway by interacting
with toll-like receptor 4 (TLR-4) and producing
tumor necrosis factor-a (TNF-a) through its
canonical pathway. Through its non-canonical
pathway, NF-xB also secretes C-X-C ligand
chemokine-12 (CXCL-12) that will enhance
DAMP (Damage-Associated Molecular Pat-
tern) release and recruits more inflammatory
cell such as macrophage’. The prolonged in-
flammatory response degrades the collagen in
the extracellular matrix of the Achilles tendon
and replaces it with a stiffer matrix and alters
its morphology. Hypercellularity, neovascula-
rity, ovoid tenocytes, and collagen degrada-
tion are often found during the histopatholo-
gical examination of Achilles tendinopathy.
Together, these factors contribute to the tissue
disruption that causes Achilles tendinopathy®.

Unfortunately, universal therapy for seve-
re Achilles tendinopathy has not been repor-
ted. Non-steroidal anti-inflammatory drugs
(NSAIDs), such as ibuprofen, have been fre-
quently proposed as a general therapy to relieve
the pain of Achilles tendinopathy with adverse
effects due to prolonged use’. Tendon surgery
and shock waves have also been proposed to
manage Achilles tendinopathy. However, the
results of this risky management have not
always been satisfactory and consistent, cau-
sing patients to avoid the procedure®.

Herbal medicines are known to have no signi-
ficant side effects if consumed for prolonged pe-
riod of time. Curcuma longa is an important her-
bal medicine owing to its curcumin component.
Curcumin is known for its anti-inflammatory or
immunomodulatory effects’. Curcumin has a po-
sitive effect on the inflammatory and regenerative
response in tendinopathies. In addition, curcumin
decreases and modulates the cell infiltration, acti-
vation, and maturation of leukocytes, as well as
the production of pro-inflammatory mediators at
the site of inflammation'’.

Glycyrrhiza glabra, also known as licorice,
is a popular herbal medicine. Glycyrrhiza gla-
bra, especially its roots and tubers, is used as a
plant-based medicine for many diseases, owing
to its anti-inflammatory properties due to its abi-
lity to inhibit the synthesis of pro-inflammatory
cytokines such as interleukine-1§ (IL-1B), IL-6,
IL-8, and TNF-a!'.

Interestingly, glycyrrhizin is able to bind to
HMGB-1, an important DAMP involved in Achil-
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les tendinopathy pathophysiology'?. In tendon
mechanical overloading in vivo, HMGB-1 was
released to the tendon matrix and initiated an in-
flammatory cascade, and this inflammation was
inhibited by the administration of glycyrrhizin".

As both herbal medicines have potent anti-in-
flammatory effects, in this study, we proposed
combining their individual use to achieve a more
potent effect. The effect of the combination on
Achilles tendinopathy has never been observed
before. Therefore, the primary aim of this resear-
ch is to prove that oral administration of a combi-
nation of Curcuma longa and Glycyrrhiza glabra
extract could be used as a therapy for inflamma-
tory processes that induce Achilles tendinopathy,
especially in rat models of Achilles tendinopathy.

Materials and Methods

Plant Material

It consisted of Curcuma longa and Glycyrrhi-
za glabra extract with plant specimens identified
by Siti Mudaliana, a botanist searcher at the
Herbal Laboratory Unit, Materia Medica Batu
(Lahor Street No. 87, Batu City). Vouchers of
Curcuma longa and Glycyrrhiza glabra were
deposited at the Herbal Laboratory Unit, Materia
Medica Batu, under number 201106.KNT.L.005
and 210401.KLG.H.001, respectively.

Extract Preparation

Dried preparations of Curcuma longa rhizome
and Glycyrrhiza glabra root were obtained and
confirmed by a plant taxonomist in UPTD Materia
Medica, a medicinal plant cultivation center in Ba-
tu City, Indonesia. Each sample was ground into a
coarsely dry powder using a blender, followed by
ethanolic maceration, as previously described"™.
One gram of the powder was briefly macerated in
20 ml of 96% ethanol for 6 hours at room tempe-
rature. The filtrate was collected using filter paper
Whatman 40 and washed thrice with sterile water.
The solvent was evaporated in an oven at 100°C.
The extract was stored at 4°C until further use.

Thin Layer Chromatography: Active
Compound Identification

The active compounds of Curcuma longa and
Glycyrrhiza glabra extract were determined
using thin-layer chromatography as described.
The Rf values of chromatograms were used to
determine the active compounds based on the Rf
values in the references'”.
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Animal Model Preparation

Male Wistar rats (Rattus norvegicus), 2 mon-
ths old and weighing 250 g, were chosen as the
animal model. The rats were obtained from the
Bioscience Laboratory, Universitas Brawijaya In-
donesia, and maintained in a new environment
for two weeks. Institutional and national stan-
dards for the care and use of laboratory animals
were followed. Four healthy rats were used as
negative controls. Hence, no intervention was
performed. To induce tendinopathy in the Achil-
les tendon, 32 rats ran on a treadmill at 25 m/min
for 15 minutes with 10° inclination on the first 7
days, then increased to 25 m/min for 60 minutes
on weekdays (5 days) for 3 weeks and divided
into eight experimental groups. Four weeks after
the Achilles tendinopathy induction procedure,
oral therapy was administered to Achilles tendi-
nopathy rats every 8 hours daily6. There were 2
control groups [negative control (CN) or healthy
rats and positive control (CP) or Achilles tendi-
nopathy-induced rats without oral therapy] and
seven oral therapy groups. Each oral therapy
group was administered different therapies: im-
mobilization only, immobilization+20 mg/kg of
ibuprofen, immobilization+175 mg/kg of Curcu-
ma longa extract, immobilization+110 mg/kg of
Glycyrrhiza glabra extract, immobilization+175
mg/kg of Curcuma longa+110 mg/kg of Glycyr-
rhiza glabra extract, immobilization+131 mg/kg
of Curcuma longa+82.5 mg/kg of Glycyrrhiza
glabra extract, and immobilization+87.5 mg of
Curcuma longa+55 mg/kg of Glycyrrhiza glabra
extract. After four weeks of oral therapy, the rats
were sacrificed.

Cross-Section Area (CSA) of Achilles
Tendon Measurement

After the rats were sacrificed, the perpendi-
cular axis lengths of the right Achilles tendon
were measured in the proximal, middle, and
distal regions. The product of each perpendi-
cular length marks the area of each region. The
cross-sectional area represented the mean of
the three regions.

Evaluating Bonar Score

Hematoxylin-eosin staining was performed
on the histopathological slides to facilitate tis-
sue observation. Observations were performed
at 200x magnification. Previous publications
were used as a guide for the Bonar score's. If
the score is >11.6, Achilles tendinopathy can be
considered.

9670
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Extracellular HMGB-1, TNF-a, and
CXCL-12 Levels Measurement

The Achilles tendon in PBS (Phosphate Buffer
Saline) was cooled to 4°C for 24 hours. The ten-
don was then homogenized in a protein extractor
solution (Cat No. 17081) as described in the proto-
col. ELISA and ELISA kits were used to measure
extracellular HMGB-1, TNF-a, and CXCL-12 le-
vels. ELISA kit (Cat. No. E0257Ra) was used to
measure extracellular HMGB-1 levels. ELISA kit
(Cat. No. E0764Ra) was used to measure TNF-a
levels. ELISA kit (Cat. No. E1538Ra) was used to
measure CXCL-12 levels.

Evaluating M2 Differentiation

Immunohistochemical staining was performed
to detect the macrophage 2 differentiation. Anti-
body CD-163 (Cat. No. SC-58965) was chosen as
the macrophage 2 marker”’. An immunohistoche-
mical staining system [N-Histofine Simple Stain
max PO (M), code: 414131F] was used to stain
antibody-marked tissue and cells. Observations
were performed at 400x magnification.

Statistical Analysis

Bonar Score is a score that measures tendino-
pathy based on histological images. It consists of
5 components, namely: (1) changes in tenocyte
morphology; (2) accumulation of ground substan-
ce; (3) architecture of collagen bundles; (4) vascu-
larization; (5) cellularity. The combination of the
five assessment components determines the Bonar
score (each component ranging from 0 to 3).

HMGB-1 is a non-histone nuclear protein that
functions as an endogenous danger signal mole-
cule and triggers an inflammatory response when
released into the extracellular matrix. HMGB-1
levels will be evaluated using the ELISA method,
which targets the HMGB-1 protein (HMGB-1
Elisa Kit, catalog number E0257Ra, units ng/
mL). TNF-a is a pro-inflammatory cytokine pro-
duced by macrophages and functions in inducing
inflammation in tissues and migrating inflam-
matory cells. TNF-a levels will be measured
using ELISA (TNF-a Elisa Kit, catalog number
E0764Ra, unit ng/L). CXCL-12 is a chemokine
that plays a role in inflammation (non-canonical
NF-kB pathway) and cellular immune responses
as a modulator of cell migration. CXCL-12 levels
will be measured using ELISA (CXCL-12 Elisa
Kit, catalog number E1538Ra, unit ng/L).

The data normality was evaluated using Sha-
piro-Wilk, while data homogeneity was by the
Levene method. If the results of the Shapiro-Wilk
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test are more than 0.05, the data distribution is
normal. If the Levene test results are more than
0.05, the data is homogeneous. Statistical analysis
was performed using the Statistical Package for
Social Science (SPSS) 21.0 version (IBM Corp.,
Armonk, NY, USA). Homogenous and normally
distributed data was compared using ANOVA
comparative test, while Kruskal-Wallis was used
when the data was not homogenous and normally
distributed. The data was considered statistically
significant if the p-value was lower than 0.05.

Results

Active Compound of Curcuma Longa
and Glycyrrhiza Glabra Extract

3 active compounds are found in Curcuma
longa extract through thin-layer chromatography,
xanthorrhizol, thymol, and curcumin. Meanwhi-
le, the active compounds found in the Glycyrrhi-
za glabra extract through thin-layer chromato-
graphy are glycyrrhizin and chalcone.

Effects of Combined Extract Toward
Cross-Section Area of Achilles Tendon
Figure 1 shows the correlation between the
intervention of the combined extract and CSA
of the Achilles tendon after Achilles tendino-
pathy induction. From Figure 1, we can see

that Achilles tendinopathy induction caused
Achilles tendon edema and was proven by a
larger CSA. Among the interventions provided
to alleviate tendon edema, Intervention 1 (I1)
or total immobilization was proven to be the
most effective, providing the lowest CSA after
Achilles tendinopathy was induced.

The p-value between the positive control (CP)
and all interventions was <(0.001. The p-value
between the CP and 11 was <0.001.

Effects of Combined Extract towards
Bonar Score

Figure 2 shows the correlation between the
intervention of the combined extract and the Bo-
nar Score of the Achilles tendon after Achilles
tendinopathy induction. From Figure 2, we can
see that the induction of Achilles tendinopathy
changed the tissue morphology of the Achilles
tendon and was proven by a higher Bonar Score.
Among the interventions provided to alleviate
tissue degeneration in the Achilles tendon, in-
tervention 6 (I6) or immobilization+131 mg/kg
Curcuma longa+82.5 mg/kg Glycyrrhiza glabra
extract was the most effective, providing the
lowest Bonar score after Achilles tendinopathy
was induced.

The p-value between the positive control (CP) and
all interventions was <0.001. The p-value between
CP and 16 was 0.018. Figure 3 shows the differences

_| e<0.001
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Figure 1. The cross-section area (CSA) of controlled groups and intervention groups.
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Figure 2. The Bonar Score of Controlled Groups and Intervention Groups.

in tissue morphology among the negative control,
positive control, and intervention groups.

Effects of Combined Extract towards M2
Differentiation

Figure 4 shows the correlation between the
intervention of the combined extract and the M2
coverage area of the Achilles tendon after Achil-
les tendinopathy induction. From Figure 4, we
can see that Achilles tendinopathy induction in-
creased the M2 coverage area as an attempt to he-
al the tendon. Among the interventions provided
for tendon healing by increasing the M2 coverage
area, intervention 7 (I7) or immobilization+87.5
mg/kg Curcuma longa+55 mg/kg Glycyrrhiza
glabra extract was proven to be the most effecti-
ve, providing the highest M2 coverage area after
Achilles tendinopathy was induced.

The p-value between the positive control (CP)
and all interventions was <0.001. The p-value
between CP and 17 was <0.001. Figure 5 shows
the differences in immunohistochemical stai-
ning among the negative control, positive con-
trol, and intervention groups.

Effects of Combined Extract on
Extracellular HMGB-1 Level

Figure 6 shows the correlation between
the intervention of the combined extract and
HMGB-1 of the Achilles tendon after Achil-

9672
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les tendinopathy induction. Figure 6 shows
that the induction of Achilles tendinopathy
enhances HMGB-1 release from the Achilles
tendon. Among the interventions to alleviate
tissue degeneration in the Achilles tendon,
intervention 5 (I5) or immobilization+175 mg/
kg Curcuma longa+110 mg/kg Glycyrrhiza
glabra extract was the most effective, provi-
ding the lowest HMGB-1 levels after Achilles
tendinopathy was induced.

The p-value between the positive control (CP)
and all interventions was <0.001. The p-value
between CP and I5 was <0.001.

Effects of Combined Extract on TNF-a Level

Figure 7 shows the correlation between the
intervention of the combined extract and TNF-a
in the Achilles tendon after Achilles tendinopathy
induction. From Figure 7, we can see that Achil-
les tendinopathy induction enhanced TNF-a rele-
ase from the Achilles tendon. Among the inter-
ventions provided to alleviate tissue degeneration
in the Achilles tendon, intervention 7 (I7) or
immobilization+87.5 mg/kg Curcuma longa+55
mg/kg Glycyrrhiza glabra extract was the most
effective, providing the lowest TNF-a levels after
Achilles tendinopathy was induced.

The p-value between the positive control (CP)
and all interventions was <0.001. The p-value
between CP and 17 was 0.001.
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Figure 3. Histopathology observation of rats Achilles tendon; 1: nucleus, 2: collagen, 3: vascular, 4: ground substance (black);
(A-C) come from cn group, (D-F) come from cp group, (G-I) come from 16 group. Magnification: 400x.
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Figure 4. The M2 area of controlled groups and intervention groups.

Effects of Combined Extract
on CXCL-12 Level

Figure 8 shows the correlation between the
combined extract and CXCL-12 intervention in
the Achilles tendon after Achilles tendinopathy
induction. Figure 8 shows that the induction of
Achilles tendinopathy enhanced CXCL-12 releases
from the Achilles tendon. Among the interventions
provided to alleviate tissue degeneration in the

z,lj turnitin Page 9 of 15 - Integrity submission

Achilles tendon, intervention 5 (I5) or immobi-
lization+175 mg/kg Curcuma longa+110 mg/kg
Glycyrrhiza glabra extract was the most effecti-
ve, providing the lowest CXCL-12 levels after
Achilles tendinopathy was induced.

The p-value between the positive control (CP)
and all interventions was <0.001. The p-value
between CP and 15 was <0.001.

9673

Submission ID trn:oid:::3618:120276144



7 turnitin

7) turnitin

Page 10 of 15 - Integrity Submission

Submission ID  trn:oid:::3618:120276144

H.R. Handoyo, L.E. Fitri, M. Hidayat, T.W. Sardjono, S. Soeharto

Figure 5. Immunohistochemical staining of rats Achilles tendon, brown color shows M2 coverage area; (A, B) come from
CN group; (C, D) come from CP group; and (E, F) come from [7 group. Magnification: 400x.

Discussion

Before we discuss the effects of the combined
extract on Achilles tendinopathy in rat models,
we must realize that this study succeeded in pro-
ving that the extracts used in this study had the
most potent active compounds as herbal medici-
nes, namely curcumin in Curcuma longa extract

Page 10 of 15 - Integrity Submission

and glycyrrhizin in Glycyrrhiza glabra extract.
These results were confirmed by the book “Plant
Drug Analysis A Thin Layer Chromatography
Atlas” which describes each Rf of each active in-
gredient”. In addition, using molecular docking,
this study succeeded in predicting the interaction
of curcumin with TLR-4 and glycyrrhizin with
HMGB-1 which plays a role in the inflammatory
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Figure 6. The HMGB-1 Levels of controlled groups and intervention groups.
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Figure 7. The TNF-a levels of controlled groups and intervention groups.

process. Since prolonged inflammation is the
main pathophysiology of Achilles tendinopathy,
the success of molecular docking in predicting
the interaction between curcumin and TLR-4 and
glycyrrhizin with HMGB-1 supports the hypothe-
sis of the role of Curcuma longa and Glycyrrhiza
glabra extracts are anti-inflammatory agents.
Based on the findings of this study, we can
see that combined extract therapy provided the

Page 11 of 15 - Integrity Submission

most satisfactory results, as it not only impro-
ved the quality of tissue morphology, but also
increased healing through M2 differentiation.
The data on inflammatory biomarkers also
supported this result by showing that the lowest
inflammatory biomarker level can be obtained
under the effect of the combined extract. The
ability of the combined extract to repair tissue,
which was represented by a lower Bonar score,
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was due to the content of curcumin and glycyr-
rhizin in the combined extract.

Tissue degeneration in the Achilles tendi-
nopathy rat model was caused by recurrent
exposure to the inflammatory response due
to tendon overuse®. But combined extract the-
rapy can inhibit the inflammatory response,
thereby preventing further degeneration and
inducing tendon healing. Curcumin in Curcu-
ma longa extract has potent anti-inflammatory,
anti-oxidant, and anti-apoptotic properties and
is capable of alleviating the damage to Achilles
tendon tissue'®. Glycyrrhizin in Glycyrrhiza
glabra extract also plays a role in dampening
the activity of DAMP, especially HMHB-1,
which plays a central role in the pathogenesis
of Achilles tendinopathy'?. Together, they im-
prove tendon healing and repair tissue damage
in the Achilles tendon.

Regarding the effect of the combined extract
toward HMGB-1 secretion in Achilles tendinopathy
rat models, a previous study performed at the Kon-
kuk University of Seoul, in which rats were injected
with lipopolysaccharide to induce systemic inflam-
mation, and another study in Jianzhu, China, in
which rats were induced to suffer hepatitis, showed
that Curcuma longa extract inhibited the secretion
of HMGB-I into the extracellular compartment'**
This occurred because curcumin in Curcuma longa
extract acted as a TLRs inhibitor and prevented the
activation of the NF-kB pathway".

On the other side, Glycyrrhiza glabra also
plays its role in preventing the release of HM-
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GB-1. In a study* performed in Guizhou, China,
in 2022, mice induced with acute respiratory
distress syndrome (ARDS) showed high levels of
HMGB-1 in their lung. However, certain groups
that received glycyrrhizin showed lower levels of
HMGB-1. Just like curcumin, glycyrrhizin can
also bind to TLR, thereby preventing NF-«kB acti-
vation and p38. It also binds HMGB-1 to prevent
its activity as a ligand of many receptors®.

The effects of Curcuma longa and Glycyrrhiza
glabra on TNF-a have been studied extensively.
In a study performed in Bangalore, India, in
2013 using sepsis model rats, it was found that all
cytokines formed from the p50 transcription factor
(the result of the NF-xB canonical pathway), such
as IL-6, IL-1, and TNF-o0, were decreased after
Curcuma longa extract was administered orally®.
It also occurred because curcumin acted as a mito-
gen-activated protein kinase (MAPK) an inhibitor
that prevented p53 (apoptosis inducer) activities*.

Glycyrrhiza glabra affects TNF-o synthesis
owing to its ability to disrupt IkBa activity, a me-
diator of canonical NF-xB. Glycyrrhizin can inhi-
bit the c-Jun-N-terminal kinase (JNK) pathway,
preventing apoptosis and secretion of TNF-a%.
Glycyrrhizin also inhibits transcription factors that
target the coding gene for TNF-a by manipulating
three proteins in the MAPK pathway: MKPI,
MKP3, and PP2A?%. Together with Curcuma lon-
ga, Glycyrrhiza glabra, as a combined extract, can
inhibit the NF-xB pathway more efficiently. The
combined extract also targets the MAPK pathway,
thus preventing TNF-a secretion.
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Glycyrrhiza glabra affects the transcription of
the coding gene for the CXCL-12 or Cxcll2 gene.
Hence, the levels of CXCL-12 that recruits pro-in-
flammatory cells decreased?’. A study* conducted
in Seoul in 2019 using lung-injured mice found
that CXCL-12 levels were not sufficient to activate
its receptor if 50 mg/kg of Glycyrrhiza glabra was
administered orally to the mice. This phenome-
non decreased pro-inflammatory cell recruitment.
Curcuma longa also affects CXCL-12 synthesis
by inhibiting the non-canonical NF-kB pathway
based on a previous study performed in Texas
in 2012 using cancer cells. All receptors that use
CXCL-12 as their ligand cannot be activated after
the administration of Curcuma longa extract®-°,

This study showed that the ideal dose of the
extract combination to increase M2 differentia-
tion was the combined dose of Curcuma longa
extract (87.5 mg) and Glycyrrhiza glabra (55 mg/
kg). Using this combination dose, the coverage
area of M2 was obtained, which reached 23.7%
of the entire Achilles tendon tissue in the Achilles
tendinopathy rat model. The high-coverage area
of M2 can reduce the symptoms of Achilles ten-
dinopathy such as pain and edema.

Interestingly, Glycyrrhiza glabra increased
the differentiation of M1 macrophages (pro-in-
flammatory macrophages) when administered to
macrophage cultures isolated from mouse mo-
nocytes. In a study®' conducted in Zhejiang, Chi-
na, it was found that monocyte cells isolated
from the bone marrow of mice could differen-
tiate into M1 when administered with 100 pg/
mL of glycyrrhizin isolated from Glycyrrhiza
glabra extract. Although the exact mechanism
is unknown, it is suspected that small doses of
glycyrrhizin will induce the proliferation and dif-
ferentiation of monocytes into macrophages and
finally into M1, but the higher dose will increase
the differentiation of M2.

In contrast, Curcuma longa increased the dif-
ferentiation of macrophages into M2 macropha-
ges. This is due to the ability of curcumin to
increase the cytokines IL-4 and IL-13, which
are produced by macrophages in an autocrine or
paracrine manner to differentiate into M2. In a
study conducted in 2015 in Shanxi, China, ma-
crophages only synthesized the cytokines IL-4
and IL-13 after being exposed to 25 pmol/mL
curcumin isolated from Curcuma longa extract®.
Another study*® conducted in 2016 in Niigata, Ja-
pan, showed an increase in the synthesis of IL-10
produced by M2 in nephrotoxic model rats after
curcumin therapy was administered.
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Strengths and Limitations

The limitations of this study included diffi-
culties in finding the right age and size animal
model. Furthermore, the immobilization of the
tendon must be checked daily to avoid loosening
due to the rats’ activity. Another factor is the
limited laboratory hours during the COVID-19
pandemic. It might also be preferable to work
with a group of taxonomists instead of just one
taxonomist. What also must be put into attention
is the short availability of curcumin.

Meanwhile, the strength of this study was in
its easy access to the plants, which are abun-
dant in Indonesia, the safety of the extracts
tested, and also its novelty.

In order to proceed with developing a com-
mercial herbal medicine for patients, further
research on a larger scale of experiments, inclu-
ding human trials, is required.

Conclusions

The combined extract of Curcuma longa
and Glycyrrhiza glabra is very effective in re-
ducing the inflammatory response in Achilles
tendinopathy. This was confirmed by lower le-
vels of HMGB-1, TNF-a, and CXCL-12. Com-
bined extract therapy with Curcuma longa and
Glycyrrhiza glabra also improved the morpho-
logy of Achilles tendon tissue, as demonstrated
by the lower Bonar score. Curcuma longa and
Glycyrrhiza glabra also increase the differen-
tiation M2 hence enhancing tendon healing.
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