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Abstract 

Context: Swimming exercises can be used as an intervention to maintain the stability of the synthesis of the pubic symphysis cartilage. 

Aims: To evaluate the effects of swimming exercise on relaxin levels, MMP-13, TGFβ expression in pubic cartilage at pregnant rats with induction of RLN2 gene. 

Methods: Thirty-six female Wistar rats (six in each group) were impregnated with 24 male rats (1:1). Three groups had swimming exercises for 60 min per day, 

and the other groups were treated as the control group. Two groups were given subcutaneous RLN2 gene. Relaxin plasma was collected from the sinus retro-

orbital and performed twice on the eighth day and the 20th of pregnancy. The pubic symphysis of the rats was collected on the 20th day of pregnancy, and the 

decalcification process was carried out before making histological preparations. 

Results: There was an increase in the amount of relaxin in the relaxin-induced group after 24 h induction (p=0.000). Relaxin levels of pregnant rats on the 20th 

day correlated with the expression of MMP-13, p=0.029; R2=0.447. In the treatment group, relaxin levels and MMP-13 expression were lower than the non-

treatment group, p=0.005 and p=0.000, respectively. In contrast, there was a higher expression of TGFβ in the treatment group, p=0.000. 

Conclusions: Relaxin plasma levels have a significant correlation with the expression of MMP-13, and swimming exercise increases the expression of TGFβ and 

decreases relaxin levels and MMP-13 expression in the pubic cartilage.  

Keywords: MMP-13; pregnant rat; pubic cartilage; relaxin; swimming exercise; TGFβ. 

 

Resumen 

Contexto: Los ejercicios de natación pueden ser utilizados como intervención para mantener la estabilidad de la síntesis del cartílago de la sínfisis púbica.  

Objetivos: Evaluar los efectos del ejercicio de natación sobre los niveles de relaxina, MMP-13, expresión de TGFβ en cartílago púbico en ratas preñadas con 

inducción del gen RLN2. 

Métodos: Treinta y seis ratas Wistar hembras (seis en cada grupo) fueron aparejadas con 24 ratas macho (1:1). Tres grupos realizaron ejercicios de natación 

durante 60 min por día, y los otros grupos fueron tratados como grupo de control. A dos grupos se les administró el gen RLN2 por vía subcutánea. El plasma 
de relaxina se recogió, del seno retroorbitario, el octavo día y el vigésimo día del embarazo. La sínfisis púbica de las ratas se recolectó el día 20 de gestación y 

se realizó el proceso de descalcificación antes de realizar las preparaciones histológicas. 

Resultados: Hubo un aumento en la cantidad de relaxina en el grupo inducido por relaxina después de 24 h de inducción (p=0,000). Los niveles de relaxina de 

ratas preñadas en el día 20 se correlacionaron con la expresión de MMP-13, p=0,029; R2=0,447. En el grupo de tratamiento, los niveles de relaxina y la 

expresión de MMP-13 fueron más bajos que en el grupo sin tratamiento, p=0,005 y p=0,000, respectivamente. Por el contrario, hubo una mayor expresión de 

TGFβ en el grupo de tratamiento, p=0,000. 

Conclusiones: Los niveles plasmáticos de relaxina tienen una correlación significativa con la expresión de MMP-13, y el ejercicio de natación aumenta la 

expresión de TGFβ y disminuye los niveles de relaxina y la expresión de MMP-13 en el cartílago púbico. 

Palabras Clave: cartílago púbico; ejercicio de natación; MMP-13; rata preñada; relaxina; TGFβ. 
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INTRODUCTION 

Pain in the pubic symphysis is often referred to as 
symphysis pubis dysfunction (SPD). It is experienced 
by 12% of patients in the first trimester, 34% in the 
second trimester, and 52% in the third trimester of 
pregnancy (Leadbetter et al., 2006). Pregnant women 
complain of stinging pain around pubic symphysis 
and the sacroiliac joint that often soreness down the 
thigh. This pain increases with daily activities such as 
climbing stairs, walking, standing, carrying heavy 
objects, changing sleep positions until unable to walk 
(Herren et al., 2015).  

The pain level is related to the degree of widening 
of the interpubic disc. The widening of the pubic 
symphysis exceeding 6.3 mm begins to show mild 
symptoms, and if it expands more than 10 mm, it 
leads to pathology (Segal and Chu, 2015). The chang-
es in the pubic symphysis during pregnancy in hu-
man is similar in mice, as confirmed by the results of 
histological and morphometric studies of the pubic 
symphysis in pregnant mice that also experience 
structural changes that widened pubic symphysis 
between 0.2 mm to 3 mm at the end of pregnancy 
(Pinheiro et al., 2004). 

Relaxin produced by the corpus luteum and pla-
centa has an essential role in dilating the interpubic 
disc (Wang et al., 2021) and collagen catabolism in the 
pubic symphysis of mammals. High relaxin levels 
promote reduced collagen content through collagen 
degradation by activating the collagenolytic system 
(Samuel et al., 1998). This mechanism is known based 
on studies that have been carried out on fibrocartilage 
tissues such as the anterior cruciate ligament, and it 
showed relaxin binds to specific receptors, further 
inducing the collagenases pathway that decreases 
alpha-smooth muscle actin (αSMA) and reduces 
transforming growth factor-beta (TGFβ) activity by 
inhibiting the pSmad2 pathway (Dragoo et al., 2009; 
Konopka et al., 2016). The intracellular collagenolytic 
pathway most closely associated with cartilage colla-
gen is collagenase-3, which increases matrix metallo-
proteinase-13. MMP-13 degrades collagen II as the 
main structure of cartilage collagen (Kapila et al., 
2009). The correlation between relaxin plasma levels 
and MMP-13 expression of pubic symphysis cartilage 
in pregnant rats has not been studied. 

Collagen structures provide stability in the pubic 
symphysis and neutralize shear and tensile stresses 
caused by movements of normal daily activities 
(Becker et al., 2010). As the pregnancy goes, the fetus's 
weight also increases the shear load and tensile load 
on the symphysis, followed by an increased relaxin 

production that increases joint mobility, which causes 
mild to severe symptoms. 

There is no based-on-scientific papers standard on 
how to deal with pregnancy-associated diastasis pu-
bic pain. In severe cases, the patients will be injected 
by intra-symphyseal injection with hydrocortisone, 
chymotrypsin, and lidocaine once a day for 3 to 7 
days (Cassagrande et al., 2015). Unfortunately, this 
symptomatic drug administration has often been 
avoided during pregnancy to prevent its impact on 
the fetus. Therapies have begun to be directed at the 
non-invasive procedure to eliminate the harmful ef-
fect for the fetus, such as pregnant fitness Pilates exer-
cises (Oktaviani, 2018), Kegels exercises, gluteus max-
imus activation, and pelvic belt (Howell, 2012). Some 
of these studies that light exercise can reduce sore-
ness; however, some have not focused on changes in 
the extracellular matrix/ECM and chondrocytes in 
pubic symphysis cartilage. 

Studies on exercise therapy in pregnancy aimed at 
improving the balance of cartilage synthesis and deg-
radation have not been investigated by researchers. 
Therefore, swimming exercises may be more appro-
priate to use in a laboratory study towards experi-
mental rats to prove the changes in the symphysis 
pubic cartilage. Swimming exercises have the ad-
vantage of buoyancy and hydrostatic pressure (Baines 
and Murphy, 2010), which causes less muscle activity, 
less joint fatigue, and reduces mechanical stress on 
the pubic symphysis. Swimming is considered a light 
activity that can improve intra-cartilage structure 
through increased TGFβ and inhibit activation of 
MMP-13. Thus, this study aimed to investigate the 
effects of swimming exercises in the pubic symphysis 
cartilage on pregnant rat models. We also aim to de-
termine the correlation of RLN2/prorelaxin induction 
on the relaxin plasma levels and its correlation with 
MMP-13 expression on the pubic symphysis cartilage. 
The results of this study might provide suggestions to 
clinicians and health practitioners to opt for swim-
ming exercises as one of the management for preg-
nant women with SPD.  

MATERIAL AND METHODS 

Chemicals and reagents 

Reagent and kits used were the rat relaxin ELISA 
Kit (CSB-EL019749Ra) from Cusabio, Houston, USA), 
MMP-13 (72B-01) mouse monoclonal antibodies (San-
ta Cruz, sc 80200, California), TGFβ monoclonal anti-
bodies (Abcam, ab27969, Cambridge). Prorelaxin H2 
protein (RLN2 gene/prorelaxin H2 protein) was pur-
chased from GeneScript USA Inc, Piscataway 
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NJ08854, USA, catalog number: SC 1208; Chemical 
peptide synthesis: peptide 2: quantity 4 mg; purify 
>70%; length 29; sequence B chain: DSWMEEVIKLC 
GRELVRAQIAICGMSTWS and peptide 3: quantity 4 
mg; purify >70%; length 24; sequence A chain: 
QLYSALANKCCHVGCTKRSLARFC, (GeneScript, 
protein sequence retrieved from Uniprot, available 
online at https://www.uniprot.org/uniprot/P04090).  

Study design and animals 

This research was an experimental study with a 
post-test only and control group design (Fig. 1). Ex-
perimental animals were 36 female rats Wistar strain, 
age 9-10 weeks, weight 110-150 grams. The female 
rats were required to meet the inclusion criteria: nul-
liparous female rats with healthy limb movement. 

The exclusion criteria were infection, abortion history, 
and death. The female was impregnated with 24 male 
rats aged 10 to 12 weeks. Rats were bred in the animal 
laboratory of the Faculty of Medicine, Universitas 
Brawijaya Malang, East Java, Indonesia. Thirty-six 
female rats were placed in each 40 × 50 × 20 cm cage, 
with room temperature between 22 ± 2.2°C, dark: 
light cycle 12:12 h (start from 06.30 am). The bedding 
and drinking tubes were renewed and restocked eve-
ry day. The fed was restocked every afternoon at 
04.00 pm. The regulation of light cycle and noise was 
following the ethical standard of experimental animal 
care. The experimental procedures that included ani-
mals have been approved by the Animal Research 
Ethics Committee of Universitas Brawijaya (Ethical 
Clearance No. 1165-KEP-UB).  

 
 

 

Figure 1. The scheme of experimental design.  
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Mating procedure and impregnation 

Rats were acclimatized for seven days to reduce 
stress probability. Then, the estrus cycle of rats was 
synchronized using Lee Boot Effect and Pheromone 
Effect (Sardjono et al., 2019). Female rats, which were 
later confirmed to be in late proestrus and early es-
trus, were placed to mate with male rats overnight 
(monogamous mating). Day 0 pregnancies deter-
mined if there is rat sperm in female rats vaginal plug 
(Netto et al., 2020). The pregnancy was also confirmed 
by abdominal palpation on the 7th day after the mat-
ing. 

Experimental group and induction of saline and 
relaxin 

The G1, G2, G3 were control groups. The experi-
mental groups were G4, G5, and G6. The criteria of 
each group were: G1 (negative control, nonpregnant 
rats); G2 (1st positive control group, pregnant rats 
with saline induction); G3 (2nd positive control 
group/non-treatment group, pregnant rats with re-
laxin induction); G4 (treatment group, pregnant rats, 
with relaxin induction); G5 (treatment group, preg-
nant rats, with saline induction); G6 (treatment group, 
nonpregnant rats).  

The induction of saline and relaxin was carried out 
on the 7th day of pregnancy. Relaxin antigen was in-
duced subcutaneously to groups G3 and G4 at a dose 
of 0.268 mg/kg. This dose has been confirmed to trig-
ger the widening of the pubic symphysis after 24 h of 
induction (Zimmerman et al., 2017). The physiological 
fluid induction/saline induction was induced to the 
rats subcutaneously at a dose of 0.1 mL for the groups 
that received saline induction group (G2 and G5).  

The relaxin induction is a safe compound for fe-
tuses, even promoting adequate uteroplacental perfu-
sion to allow for normal fetal and placental growth. 
Several previous studies reported that exogenous 
relaxin administration decreased uterine artery stiff-
ness, increased blood flow velocity, and mediated 
uterine artery remodeling in pregnancy rats (Gooi et 
al., 2013; Vodstrcil et al., 2012). 

Swimming exercise 

Swimming treatment was applied to 3 different 
groups with uniform intensity: G4, G5, and G6. 
Swimming exercises were carried out on the 9th day of 
the pregnant rats and homogeneous age for the non-
pregnant group. The swimming exercise was per-
formed regularly once per day. For adaptation, the 
exercise started with light swimming activities for 
two consecutive days, for 10 and 15 min, respectively. 
Later on, the exercise duration was prolonged with a 
core swimming exercise of 60 min (Shen et al., 2013).  

The core swimming exercise was separated into 
two steps: five days step one and four days for step 
two. Each step was separated by one gap day without 
swimming exercise. The core exercise for the first two 
days (in step one) was adjusted to the rat's ability to 
swim. If the rats could not float on the water surface 
or the rat showed the behavior of drowning its mouth 
3-4 times during exercise, the treatment was stopped. 
The rats were then replaced and dried using a towel 
and hairdryer. It is essential to pay attention to the 
swimming ability of rats to maintain the quality of 
exercise in each group. Rats should have more than 
60% ability to actively move the front and back ex-
tremities during swimming exercises (Kregel et al., 
2006). 

The size of the water tank used in this study was 
74 cm (length) × 53 cm (width) × 60 cm (height). It 
had a 43 cm depth (Chen et al., 2012) and a water 
temperature of 34 ± 0.5°C. The water depth must ex-
ceed the rat's body length plus its tail to avoid the tail 
touching the base of the water tank. Importantly, rats 
were dried immediately and placed in a warm envi-
ronment. This type of this pool was different from the 
one used by some researchers for force swim tests 
(FST), which is frequently used in models to induce 
and observe depression behavior (Slattery and Cryan, 
2012; Yahav et al. 2015). The size of the pool was also 
can stimulate the rats to behave actively swimming 
and making horizontal swim movements throughout 
the water tank, which also includes crossing into an-
other quadrant. 

One sign of rats having stress or inability to de-
fend themselves is shown by passive or immobility 
behavior such as floating that is longer than active 
swimming (Slattery and Cryan, 2012). Researchers 
confirmed no signs of floating/immobility behavior 
that exceeded 10% of the whole core workout (Kregel 
et al., 2006). Tired animals that appeared distressed 
were allowed to rest for 5 min before finishing the 
swim session (Shen et al., 2013). Setting the type and 
size of the water tank, water temperature, and stages 
of adaptation before the core swim were any efforts 
by researchers to prevent stress in experimental ani-
mals (Matinfar et al., 2021). This training protocol and 
the water temperature were designed to mimic clini-
cally relevant physical therapy programs (Shen et al., 
2013). 

Blood collection for relaxin plasma examination 

The blood was collected from the sinus retro-
orbital and performed was carried out twice, on the 
8th day and on the 20th of pregnancy of each rat (the 
nonpregnant rats were treated the same as well). Ve-
nous blood samples were drawn into ethylenedia-
minetetraacetic acid-plasma tubes and arrived at the 
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laboratory the same day. Plasma was separated from 
blood cells by centrifugation at 2000 rpm for 10 min 
and was stored at −70°C until use. Relaxin plasma 
levels was examined using the ELISA kit rat relaxin 
(Cusabio, CSB-EL019749Ra). 

Tissue collection 

The rat's tissues were collected for further experi-
ment. On the 20th day of pregnancy, pregnant rats that 
belonged to treatment groups were dissected. The 
dissection was performed for a minimum of 6 h after 
swimming exercise on the last day. For the group 
without swimming or control groups (G1-G3), dissec-
tion was also performed at the same time. 

The rats were euthanized using ketamine xylazine 
50 mg/kg + 10 mg/kg ip. The pelvic and pubic sym-
physis tissue was collected, and then the soft tissues 
were carefully separated around the observation tis-
sue to avoid disturbance of the ligaments and inter-
pubic disc. The tissue was then fixed in 10% formalin 
solution for a maximum of 3 days and stored at room 
temperature before the preparation of the histological 
observation. 

The process of tissue preparation for histological 
observation and immunohistochemical process 

Before tissue preparation (dehydration, clearing, 
paraffin infiltration, and embedding), the materials 
were processed through decalcification using a Rapid 
Cal Immuno fluid, where the sample was immersed 
in a Rapid Cal Immuno-solution with a tissue volume 
of 30 to 60% for three days. After the embedding pro-
cess, the materials were sliced into thin microscope-
observable layers of 2-5 microns. After the observa-
tion slides had been ready for immunohistochemical 
stained, the samples were then stained using MMP-13 
(72B-01) mouse monoclonal antibodies (Santacruz, sc 
80200), TGFβ monoclonal antibodies (Abcam, 
ab27969). 

Each sample was assessed semi-quantitatively ac-
cording to the immunoreaction score (IRS). The score 
was obtained from 5× microscope observation (repli-
cation on the different observation views) using Ni-
kon e100 with a 12.5 MP OptiLab digital camera 
(magnification = 400×) and 3.0 Raster Image pro-
cessing software. 

Statistical analysis  

Data were analyzed based on the Kruskal Wallis 
test and One-way analysis of variance (ANOVA), 
then further analyzed with post-hoc Bonferroni’s, 
Dunn's, and Tukey test using Graphpad Prism 9.0 
(version 9.0) and IBM SPSS software (version 25, 
USA). The final score was represented by mean value 

± standard deviation (SD) of n = 6, with p significance 
at ≤0.05. Analysis of differences in plasma relaxin 
levels in the nonpregnant group, we analyzed using 
the Mann-Whitney test with p significant at ≤0.05. In 
addition, the strength of correlation between relaxin 
plasma levels and expression of MMP-13 on symphy-
sis was measured with Spearman, the p<0.05 was 
considered statistically significant. 

RESULTS  

Relaxin plasma levels after RLN2 gene induction 
and swim exercise 

Induction of (RLN2) prorelaxin H2 protein at a 
dose of 0.268 mg/kg subcutaneously was adminis-
tered to G3 and G4 showed higher relaxin plasma 
levels than the saline-induced groups (G2 and G5). 
Post hoc analyses revealed a significant difference in 
relaxin plasma levels between the pregnant rats with 
relaxin and saline induction (Fig. 2A). 

The mean relaxin in groups G3 and G4 at 24 h 
post-induction/ (d-8) were 843.53 ± 134.31 pg/mL 
and 846.12 ± 136.99 pg/mL (mean ± SD), while the 
mean of relaxin plasma levels in the pregnant group 
with saline induced (G2 and G5) were 325.25 ± 90.33 
pg/mL and 333.83 ± 69.34 pg/mL (mean ± SD), re-
spectively. 

According to Fig. 2B, the results of measuring re-
laxin plasma levels on the 20th day in the treatment 
group (G5 and G4) showed lower than the non-
treatment (G2 and G3). Relaxin in the G5 and G4 
showed levels of 451.23 ± 98.53 pg/mL and 627.17 ± 
25.85 pg/mL (mean ± SD), respectively. In contrast, 
The G2 and G3 showed higher levels, which were 
610.61 ± 106.80 pg/mL and 775.98 ± 166.45 pg/mL, 
respectively. Post hoc analyses showed a significant 
difference between the treatment and non-treatment 
groups. Meanwhile, for the group of nonpregnant rats 
(Fig. 2C) based on the Mann-Whitney statistical test, 
there was no significant difference in plasma relaxin 
levels between groups G1 and G6 either before treat-
ment (at eighth day) or after swimming treatment (at 
20th day). 

Correlation between relaxin plasma levels and 
MMP-13 expression 

According to Fig. 3B, plasma relaxin levels at the 
20th-day pregnancy group correlated with MMP-13 
expression in the pubic symphysis tissue p=0.029, 
R2=0.447. While relaxin levels on the eighth day of 
pregnant rats showed no correlation with MMP-13 
expression in pubic symphysis cartilage, p=0.710 as 
stated in Fig. 3A. Meanwhile, in the group of non-
pregnant rats, there was no correlation between relax-
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in plasma levels and MMP-13 expression, both before 
treatment (d-8) and post-treatment (d-20) (Fig. 3C-D). 

MMP-13 expression in pubic symphysis cartilage 

The highest MMP13 expression value was the G3, 
and the lowest MMP-13 expression was the G1. The 
results showed that swimming exercise significantly 
reduced the expression levels of MMP-13 in the pubic 
symphysis cartilage. Kruskal Wallis statistical test 
showed a significant difference for all groups p=0.000, 
and post hoc analysis showed a different notation (Fig. 
4). 

Based on Fig. 5, MMP-13 expression was detected 
in the matrix in all groups but seemed a stronger and 
deeper expression in the matrix and chondrocytes in 
the G2 and G3. While the group with the swimming 

treatment (G4, G5, G6) gave a lower expression score 
than the control group. 

TGF expression in pubic symphysis cartilage 

According to Fig. 6, the highest score of TGF ex-
pression was the G4, and the lowest score was the G3. 
The treatment group showed mean score expression 
was higher than the positive controls (G2 and G3) and 
the negative control (G1). The statistical test showed 
significant differences for all groups p=0.000 (one-
way ANOVA), and post hoc Tukey showed differ-
ences between the treatment and control groups, re-
spectively. This study showed that swim exercise 

could increase TGF expression in pubic symphysis 
cartilage. 

 
 

A B 

  

C Figure 2. Plasma relaxin level on pregnant and nonpregnant 

rats before and after the RLN2 induction and swim exercise.  

(A) Quantitative results of relaxin plasma levels at day-8th pregnancy. 

*Statistic test using one-way ANOVA: p=0.000 (p<0.05). (B) Relaxin 

plasma levels at day-20th pregnancy. # p=0.005 (Kruskal Wallis test) 

(p<0.05). a,b, c: significant differences between induction relaxin and 

saline groups, Bonferroni multiple comparisons. (C) Relaxin plasma 

levels in nonpregnant rats. Values are presented as mean ± standard 

deviation at day 8th and day 20th treatment. There was no difference in 

relaxin plasma levels between G1 and G6 (p>0.05 Mann Whitney test). 

G1: Negative control, nonpregnant rats; G2: 1st positive control group, 

pregnant rats with saline induction; G3: 2nd positive control 

group/non-treatment group, pregnant rats with relaxin induction; G4: 

Treatment group, pregnant rats, with relaxin induction; G5: 

Treatment group, pregnant rats, with saline induction; G6: Treatment 

group, nonpregnant rats. 
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A B 

  

C D 

 

 

Figure 3. Correlation of relaxin plasma levels (pg/mL) measurements by ELISA kit and expression of MMP13 in pubic symphysis 

cartilage measurement by IHC staining.  

(A) Correlation relaxin plasma levels at day 8th pregnancy and MMP-13 expression, there was no correlation, p>0.05 (Spearman correlation test). 

(B) Significant correlation between relaxin plasma level at day 20th pregnancy and MMP-13 expression (R2 = 0.447). (C) and (D) Correlation of 

relaxin plasma levels and MMP-13 expression at day 8th and 20th treatment (no significant correlation, p >0.05). 

 
 
 

 

Figure 4. MMP-13 expression in pubic 

symphysis cartilage. 

Values are expressed as mean ± SD (n = 6), *p<0.05 

statistically significant differences (Kruskal Wallis). 

and post hoc Dunn’s test indicated by different 

letters.  

G1: Negative control, nonpregnant rats; G2: 1st 

positive control group, pregnant rats with saline 

induction; G3: 2nd positive control group/non-

treatment group, pregnant rats with relaxin 

induction; G4: Treatment group, pregnant rats, with 

relaxin induction; G5: Treatment group, pregnant 

rats, with saline induction; G6: Treatment group, 

nonpregnant rats. 

 

https://jppres.com/


Oktaviani et al. Effects of swim exercise on the pubic cartilage 

 

https://jppres.com  J Pharm Pharmacogn Res (2022) 10(3): 413 

 

 

G1 G6 

  

G2 G5 

  

G3 G4 

  

Figure 5. MMP-13 expression in symphysis pubic cartilage of all groups. 

Immunohistochemical staining; 400× magnification; Nikon e100 with a 12.5 MP OptiLab digital camera; Olympus Olyvia viewer for 

imaging application and 3.0 Raster Image processing software. Black shape: positive expression in the chondrocyte; Circle: positive 

expression in the extracellular matrix.  

G1: Negative control, nonpregnant rats; G2: 1st positive control group, pregnant rats with saline induction; G3: 2nd positive control 

group/non-treatment group, pregnant rats with relaxin induction; G4: Treatment group, pregnant rats, with relaxin induction; G5: 

Treatment group, pregnant rats, with saline induction; G6: Treatment group, nonpregnant rats. 

 
 

 

Figure 6. TGF expression in the pubic 

symphysis cartilage.  

Values are expressed as mean ± SD (n=6), 

*p<0.05 statistically significant differences 

(one-way ANOVA), and post hoc Tukey test 

indicated by different notation. 

G1: Negative control, nonpregnant rats; G2: 

1st positive control group, pregnant rats with 

saline induction; G3: 2nd positive control 

group/non-treatment group, pregnant rats 

with relaxin induction; G4: Treatment group, 

pregnant rats, with relaxin induction; G5: 

Treatment group, pregnant rats, with saline 

induction; G6: Treatment group, 

nonpregnant rats. 
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DISCUSSION 

The relaxin hormone physiologically increases in 
pregnancy involved in the widening process of the 
pubic symphysis to facilitate a safe delivery process in 
many species, including mice and humans (Pinheiro 
et al., 2004). The higher levels of relaxin in pregnant 
women provide a more substantial anti-fibrotic effect, 
which would cause ligament relaxation and damage, 
including interpubic (Wang et al., 2021). This study 
attempted to investigate the induction of RLN2 in 
pregnant rats, increasing relaxin plasma levels, and its 
correlation to MMP-13 expression in the pubic sym-
physis cartilage. In addition, it has been proven that 
swimming exercise keeps relaxin plasma levels from 
increasing excessively and improves the balance of 
synthesis and degradation of cartilage matrix by 
measuring the expression of TGFβ and MMP-13. 

The dose of 0.268 mg/kg BW of gene RLN2 in this 
study significantly increased plasma relaxin levels 
higher than the group without relaxin induction. On 
the 20th day of pregnancy, relaxin plasma levels sig-
nificantly correlated with MMP-13 expression in the 
pubic symphysis cartilage. This dose, adopted from 
the Zimmerman et al. (2017) study, changed the in-
trapubic ligament length in the mice to reach 0.5-2.5 
mm (from microcomputer measurement). 

Endogenous relaxin, which is an ovarian hormone, 
and exogenous RLN2 (prorelaxin H2 isoform 1 pre-
proprotein), both of which would bind to relaxin re-
ceptors in the symphysis, were RXFP1 and RXFP2 
(STITCH, 2021); these two receptors induced MMP-9 
and MMP-13 and break down collagen in fibrochon-
drocytes of mice (Ahmad et al., 2012). This study 
showed a significant correlation between relaxin 
plasma levels and MMP-13 expression in symphysis 
tissue. It can be seen in the results that MMP-13 ex-
pression is more strongly expressed in conditions 
where relaxin levels were highest. 

The fetus’s weight also increases along with preg-
nancy, which causes the intensity and frequency of 
excessive pressure on the symphysis. This tension or 
mechanical stress will affect the matrix as a signal 
transducer to chondrocyte cells. Chondrocytes will 
synthesize and release IL-1 (Buckwalter, 2004) and 
TNF-α (Hogrefe et al., 2012) into the matrix. Chon-
drocytes can also bind to receptors on the cell surface 
through autocrine or paracrine activity and are 
trapped in the matrix. IL-1 stimulates chondrocytes to 
release destructive proteases (MMPs) involving 
MMP-13 as a component of type II collagen metallo-
protease (Troberg and Nagase, 2012). TGFβ inhibits 
this activity; it is in charge of stimulating chondrocyte 

synthesis, matrix, cell proliferation and reducing the 
catabolic activity of IL-1 and TNF (Jiang et al., 2017). 

In cartilage, TGFβ is stored in a latent form, which 
is synthesized as an inactive precursor, consisting of 
the mature ligand and latency-associated peptide 
(LAP). They are bound together until the adult ligand 
is released. Latent TGFβ binds to the extracellular 
matrix via latent TGFβ binding proteins (LTBPs). 
TGFβ activation is influenced by several mechanisms 
that cause interactions with the integrins cell surface. 
These mechanisms are physical, chemical, and enzy-
matic activities (Van Der Kraan, 2017). 

Regular exercise will stimulate cartilage tissue, 
which quickly activates chondrocyte TGFβ signaling. 
That is because mechanical loading on the cartilage 
will either activate LAP or deactivate the bounding 
LAP-TGFβ. Furthermore, the mature TGFβ ligand 
will bind to the chondrocyte TGFβ receptor. Howev-
er, the TGFβ without the receptor is rapidly no longer 
available in the extracellular matrix. The binding of 
active TGFβ to activin receptor-like kinase 5 (ALK5) 
stimulates the expression of latent TGFβ1 and ALK5 
while downregulating the expression of ALK1. ALK5 
stimulates SMAD2 and SMAD3 phosphorylation for 
blocking chondrocyte hypertrophy (Van Der Kraan, 
2017). 

In the case of trauma or cartilage suppression such 
as in SPD, it is suspected that there is an increase in 
IL‐1β and TNFa levels in chondrocytes when the 
chondrocytes have high levels of IL-1β, it will increase 
SMAD7 expression, which is an inhibitor of intracel-
lular TGFβ signaling via NF-κB activation. Swimming 
exercises have advantages of buoyancy, water viscosi-
ty and hydrostatic pressure, muscular endurance, 
effective pain control, and decreased muscle tension 
and injury (Baynes and Murphy 2010; Layne, 2015), 
which will reduce the compressive force on cartilage. 

The hydrostatic pressure during exercise signifi-
cantly affects the cardiovascular system and helps 
redistribute extracellular fluid back into the systemic 
circulation. Hydrostatic pressure has been shown to 
have a chondroprotective effect because it inhibits 
pro-inflammatory mediators in chondrocytes and 
regulates the synthesis of aggrecan and type II colla-
gen (Carter et al., 2004). The result of this study can 
decrease MMP-13 expression in chondrocytes, which 
was similar to the study conducted by Milares et al. 
(2016). TGFβ has an important role in increasing tis-
sue inhibitors of metalloproteinases/TIMPs. The role 
of TIMPs is to prevent excessive ECM degradation of 
MMPs (Kwak, 2013). 

This result showed that swim exercise for 11 days 
in pregnant rats showed a significant difference in 
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plasma relaxin levels between the treatment and con-
trol groups. Nevertheless, it did not change in the 
nonpregnant group. The plasma concentration of 
many other peptides and hormones also changes dur-
ing exercise (Richter, 1989), but a controversial theory 
within a study conducted by Schoenfeld et al. (2020) 
stated that physical exercise with hemodynamic 
changes did not cause significant changes in circulat-
ing relaxin.  

It is necessary to conduct a longitudinal study 
about the dose and intensity of swim exercise on 
changes of relaxin hormonal and the expression of 
anti-inflammatory and pro-inflammatory cytokines in 
the pubic symphysis cartilage. 

CONCLUSION 

The results confirmed that the induction of the 
RLN2 gene was able to increase relaxin plasma levels 
in pregnant rats, and swimming exercise increased 
TGFβ and decreased MMP-13 expression in pubic 
symphysis tissue, and decreased relaxin plasma levels 
in pregnant rats. This activity allows to restore the 
balance of cartilage synthesis and degradation and 
reduce hypermobility of the symphysis joint during 
pregnancy. 

CONFLICT OF INTEREST 

The authors declare no conflicts of interest. 

ACKNOWLEDGMENTS 

Authors acknowledge all technicians for helping with 
this study. Special thank you to The Ministry of Health for 
supporting funding (HK.02.02/H.V/258/2017) this research 
as part of a doctoral scholarship for health practitioners and 
lecturers from the Indonesian Ministry of Health. 

REFERENCES 

Ahmad N, Wang W, Nair R, Kapila S (2012) Relaxin induces 
matrix-metalloproteinases-9 and -13 via RXFP1: 
Induction of MMP-9 involves the PI3K, ERK, Akt, and 

PKC- pathways. Mol Cell Endocrinol 363 (1-2): 46–61.  

Baines S, Murphy S (2010) Aquatic exercise and pregnancy. 
M&K Publishing, pp. 3–8.  

Becker I, Woodley SJ, Stringer MD (2010) The adult human 
pubic symphysys: A systematic review. J Anat 217: 
457–487.  

Buckwalter JA (2004) Articular cartilage overview. In 
Goldberg VM and Caplan AI (eds), Orthopedic tissue 
engineering basic science and practice. USA: Marcel 
Dekker Inc, pp. 179–182. 

Carter DR, Beaupre GS, Wong M, Smith RL, Andriacchi, TP, 
Schurman DJ (2004) The mechanobiology of articular 
cartilage development and degeneration. Clin Orthop 
Relat Res 427S: S69–S77.  

Cassagrande D, Gugala Z, Clark SM, Lindsay RW (2015) 
Low back pain and pelvic girdle pain in pregnancy. J 
Am Acad Orthop Surg 23(9): 539–549. 

Chen YW, Li YT, Chen YC, Li ZY, Hung CH (2012) Exercise 
training attenuates neuropathic pain and cytokine 
expression after chronic constriction injury of rat sciatic 
nerve. Anesth Analg 114(6): 1330–1337.  

Dragoo JL, Padrez K, Workman R, Lindsey DP (2009) The 
effect of relaxin on the female anterior cruciate 
ligament: Analysis of mechanical properties in an 
animal model. Knee 16: 69–72.  

Gooi JH, Richardson ML, Jelinic M, Girling JE, Wlodek ME, 
Tare M, Parry LJ (2013) Enhanced uterine artery 
stiffness in aged pregnant relaxin mutant mice is 
reversed with exogenous relaxin treatment. Biol 
Reprod 89(1): 18. 

Herren C, Sobottke R, Dadgar A, Ringer MJ, Graf M, Keller 
K, Eysel P, Mallmann P, Siewe J (2015) Peripartum 
pubic symphysis separation-Current strategies in 
diagnosis and therapy and presentation of two cases. 
Injury 46: 1074–1080. 

Hogrefe C, Joos H, Maheswaran V, Durselen L, Ignatius A, 
Brenner RE (2012) Single impact cartilage trauma and 
TNF-α: Interactive effects do not increase early cell 
death and indicate the need for bi-/multidirectional 
therapeutic approaches. Int J Mol Med 30: 1225–1232.  

Howell ER (2012) Pregnancy-related symphysis pubis 
dysfunction management and postpartum 
rehabilitation: Two case reports. J Can Chiropr Assoc 
56(2): 102–111. 

Jiang Y, Lin H, Tuan RS (2017) Overview: State of the Art 
and Future Prospectives for Cartilage Repair. In: 
Grassel S and Aszodi A (eds), Cartilage Volume 3: 
Repair Strategies and Generation. Springer, pp. 1-212. 

Kapila S, Wang W, Uston K (2009) Matrix metalloproteinase 
induction by relaxin causes cartilage matrix 
degradation in target synovial joints: Receptor profiles 
correlate with matrix turnover. Ann N Y Acad Sci 1160: 
322–328.  

Konopka JA, DeBaun MR, Chang W, Drago JL (2016) The 
intracellular effect of relaxin on female anterior cruciate 
ligament cells. Am J Sports Med 44: 2384–2392.  

Kregel KC, Allen DL, Booth FW, Fleshner MR, Henriksen 
EJ, Musch TI, O’Leary DS, Parks CM, Poole DC, 
Ra’anan AW, Sherif DD, Sturek MS, Toth LA (2006) 
Swimming in Rats. Chapter 3: Exercise Protocols Using 
Rats and Mice. In Resource Book for the Design of 
Animal Exercise Protocols. American Physiological 
Society, pp. 35–40. 

Kwak HB (2013) Aging, exercise and extracellular matrix in 
the heart. J Rehabil 9(3): 338–347. 

Layne M (2015) Water exercise. IL, United States: Human 
Kinetics, pp. 14–16. 

Leadbetter RE, Mawer D, Lindow SW (2006) The 
development of a scoring system for symphysis pubis 
dysfunction. J Obstet Gynaecol 26(1): 20–23. 

Matinfar P, Peeri M, Azarbayjani M (2021) Swimming 
exercise attenuates anxiety-like behavior by reducing 

https://jppres.com/


Oktaviani et al. Effects of swim exercise on the pubic cartilage 

 

https://jppres.com  J Pharm Pharmacogn Res (2022) 10(3): 416 

 

brain oxidative stress in type 2 diabetic mice. Physiol 
Behav 237: 113449. 

Milares LP, Assis L, Siqueira A, Claudino V, Domingos H, 
Almeida T (2016) Effectiveness of an aquatic exercise 
program and low-level laser therapy on articular 
cartilage in an experimental model of osteoarthritis in 
rats. Connect Tissue Res 57(5): 398–407. 

Netto AO, Macedo NCD, Gallego FQ, Sinzato YK, Volpato 
GT, Zambrano E, Damasceno DC (2020) Impact of 
different exercise intensities on pregnant rats and on 
their offspring. An Acad Bras Cienc 92(4): e20191572. 

Oktaviani I (2018) Pilates workouts can reduce pain in 
pregnant women. Complement Ther Clin Pract 31: 349–
351.  

Pinheiro MC, Moraes SG, Battlehner CN (2004) 
Histochemical and ultrastructural study of collagen 
fibers in mouse pubic symphysis during late 
pregnancy. Micron 35: 685–693.  

Richter EA (1989) Hormonal Adaptation to Exercise 
Training. In: Williams RS and Wallace AG (eds), 
Biological Effect of Physical Activity. Human Kinaetics 
Books, pp. 25–44. 

Samuel CS, Coghlan JP, Bateman JF (1998) Effects of relaxin, 
pregnancy and parturition on collagen metabolism in 
the rat pubic symphysis. J Endocrinol 159: 117–125.  

Sardjono TW, Gondo HK, Nugraha RYB, Putri AT, Effendy 
MCOS (2019) The use of natural phenomenon in 
obtaining pregnant rats and mice as experimental 
animals with the same gestational ages. J Trop Life Sci 
9(3): 229–235. 

Schoenfeld J, Haller B, Weichenberger M, Lorenz ES, Grabs 
V, Halle M, Scherr J (2020) Prolonged and strenuous 
exercise does not influence serum relaxin levels in 
healthy male athletes. Eur J Prev Cardiol 27(19):2351–
2353.  

Segal NA, Chu SR (2015) Musculoskeletal Anatomic, Gait, 

and Balance Changes in Pregnancy and Risk for Falls. 
In Fitzgerald CM and Segal NA (Eds), Musculoskeletal 
Health in Pregnancy and Postpartum. Switzerland: 
Springer International Publishing, pp. 2–4.  

Shen J, Fox LE, Cheng J (2013) Swim therapy reduces 
mechanical allodynia and thermal hyperalgesia 
induced by chronic constriction nerve injury in rats. 
Pain Med 14: 516–525.  

Slattery DA, Cryan JF (2012) Using the rat forced swim test 
to assess antidepressant-like activity in rodents. Nat 
Protoc 7(6): 1009–1014. 

STITCH (2021) RLN2. Available in: 
http://stitch.embl.de/cgi/network.pl?taskId=KbcnGT
410sGF, [Consulted November 6, 2021]. 

Troeberg L, Nagase H (2012) Proteases involved in cartilage 
matrix degradation in osteoarthritis. Biochim Biophys 
Acta 1824 (1): 133–145.  

Van der Kraan PM (2017) The changing role of TGFβ in 
healthy, ageing and osteoarthritic joints. Nat Rev 
Rheumatol 13(3): 155–163.  

Vodstrcil LA, Tare M, Novak J, Dragomir N, Ramirez RJ, 
Wlodek ME, Conrad KP, Parry LJ (2012) Relaxin 
mediates uterine artery compliance during pregnancy 
and increases uterine blood flow. FASEB J 26: 4035–
4044. 

Wang Y, Li YQ, Tian MR, Wang N, Zheng ZC (2021) Role of 
relaxin in diastasis of the pubic symphysis peripartum. 
World J Clin Cases 9(1): 91–100. 

Yahav RY, Fanko M, Huly A, Doron R (2015) The forced 
swim test as a model of depressive-like behavior. J Vis 
Exp 97: e52587. 

Zimmerman HA, Kennan RP, Zhang C, Shah K, Johns DG, 
Lynch JJ, Dajee M (2017) Use of microcomputed 
tomography to measure the relaxin-induced expansion 
of intrapubic ligaments in mice. Comp Med 67: 330–
334. 

_________________________________________________________________________________________________________ 

 

 
AUTHOR CONTRIBUTION:      

Contribution Oktaviani I Wihastuti TA Rahardjo B Wahyuni ES Putra BA 

Concepts or ideas x x x x  

Design x x x x  

Definition of intellectual content x x x x x 

Literature search x x x x x 

Experimental studies x     

Data acquisition x x   x 

Data analysis x    x 

Statistical analysis x     

Manuscript preparation x x x x x 

Manuscript editing x x    

Manuscript review x x x x x 

 

Citation Format: Oktaviani I, Wihastuti TA, Rahardjo B, Wahyuni ES, Putra BA (2022) Effects of swimming exercise and RLN2 induction 
on relaxin levels, MMP-13, TGFβ expression in the pubic cartilage of pregnant rats. J Pharm Pharmacogn Res 10(3): 406–417. 
https://doi.org/10.56499/jppres21.1317_10.3.406 

https://jppres.com/
http://stitch.embl.de/cgi/network.pl?taskId=KbcnGT410sGF
http://stitch.embl.de/cgi/network.pl?taskId=KbcnGT410sGF
https://doi.org/10.56499/jppres21.1317_10.3.406


Oktaviani et al. Effects of swim exercise on the pubic cartilage 

 

https://jppres.com  J Pharm Pharmacogn Res (2022) 10(3): 417 

 

 

Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may 
be made by its manufacturer, is not guaranteed or endorsed by the publisher. 

https://jppres.com/

