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SUMMARY
Background. Tendon injuries are difficult to heal properly, and many researchers have 
attempted to overcome this problem using various approaches. 
Materials and methods. The authors evaluated the capabilities of Morus nigra, a widely 
known plant with many verified therapeutic properties, on injured tendons in the early 
stages of recovery. 
Results. The extract did not demonstrate many benefits regarding tendon resistance to 
applied forces during either phase; however, an increase in the tendon capacity to stretch 
without rupture was observed in the early stages of repair. The leaf extract visibly accel-
erated the recovery process after 15 days of treatment, altering the profile of collagen/
GAG deposition in the tendons, reducing inflammatory infiltrate and cellularity, with an 
increase in all MMP-2 forms expression.
Conclusions. The leaf extract accelerated the recovery of tendon morphology. Further 
studies to identify molecule-specific mechanisms could prove beneficial for tendon healing.
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INTRODUCTION
The tendon consists of a firm structure formed by bundles of 
collagen grouped in the same direction. It connects muscles to 
bones and transmits contraction forces to the skeletal system to 
maintain posture and execute movement (1, 2). Its arrangement, 
formed by fibers organized in an orderly and parallel manner, 
allows the tendon to endure high loads of force during work (2).
However, it is not uncommon for tendon ruptures to occur 
during common daily and physical activities. This type of 
injury concerns all age groups, affecting an individual’s 
quality of life since its treatment tends to be complex (3). In 
general, there are some factors such as sex, age, and chronic 
diseases ‒ rheumatoid arthritis and diabetes ‒, that suggest 
a relation with tendon ruptures (4).
In this context, the calcaneus tendon is the most likely to 
rupture spontaneously, especially in athletes, as it is subjected 
to a large amount of static and dynamic loads (2). Its rupture 
occurs due to forced back flexion, making it impossible for 

the individual to place the foot in a plantar position (2, 5). 
The healing is a longstanding process, due to the extracellu-
lar matrix (ECM) complexity and is hindered by low vascu-
larization, which characterizes this type of injury as severe. 
The process results in tissue without its original properties 
and, therefore, more susceptible to further ruptures (3).
The tendon healing process starts immediately after injury 
and is divided into three phases: inflammatory, proliferative, 
and remodeling. Tissue revascularization occurs in the inflam-
matory phase, which lasts until the seventh day after injury. In 
addition, signaling factors stimulate the proliferation of teno-
cytes, recruiting more inflammatory cells and fibroblasts to 
initiate the synthesis of type III collagen and fibril formation. 
Then, in the proliferative phase, until the twentieth day of 
injury, there is a high synthesis of collagen, especially type III 
and other components of the ECM. At this point, the ECM is 
much more disorganized; therefore, the probability of a new 
rupture occurring is high. Remodeling occurs on the twen-
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ty-first day and has no maximum deadline for completion. 
A decrease in angiogenesis, collagen, and glycosaminogly-
cans (GAG) synthesis is observed. Thus, type III collagen is 
replaced by type I collagen, which is then replaced by fibrous 
tissue and soon replaced by scar tissue (6, 7).
Studies in rats have shown that mechanical strength during the 
repair process stimulates tissue healing, whereas immobiliza-
tion is detrimental (2, 3). In addition, the extent and nature of 
the lesion usually determine the success of healing (8). Thus, 
the most appropriate treatment for these injuries remains 
unclear. However, if the healing period is reduced, complica-
tions can be minimized (9). Hence, the search for new ther-
apies capable of improving the healing process is necessary.
A possible treatment approach can be based on phytother-
apy and cultural and ancient practices, which have been 
scientifically explored. This study sought to analyze the 
properties of Morus nigra, popularly known as the black-
berry. It is a plant native to southwest Asia and is used as a 
traditional herbal medicine in animals and humans. It has 
important therapeutic properties, such as anti-inflammato-
ry, antimicrobial, antidiabetic, analgesic, anti-obesity, anti-
cancer, and organ-protective properties (10-12).
Phytochemical analyses have revealed the presence of flavo-
noids, alkaloids, and tannins in M. nigra leaves (13). The 
presence of alkaloids, depsides, depsidones, foamy saponins, 
and tannins in the aqueous extract of M. nigra has also been 
demonstrated (14). In addition to their antioxidant proper-
ties, tannins have healing functions, as they help to form a 
protective layer on injured tissues, and the healing process 
may normally occur below this layer. These secondary metab-
olites of plant origin are pharmacologically active substances 
that are used as raw materials in the manufacture of cosmetics 
and herbal medicines. Their use is interesting because of their 
high availability, low toxicity, minimal risk of side effects, and 
especially low cost when compared to allopathic medicines.
Most of the properties of Morus nigra are due to its antiox-
idant capacity, which results from abundant phytochemical 
constituents, such as polyphenols, flavonoids, and anthocya-
nins. Therefore, this plant can be an important nutraceutical 
for the control and prevention of chronic diseases and injuries 
(12, 15). Therefore, this study sought to determine wheth-
er the substances present in Morus nigra can induce better 
healing conditions in tendons, reducing the problems arising 
from the long repair time normally present in this tissue. 

MATERIALS AND METHODS

Use of animals
32 male Wistar rats were used in the present study. The 
animals were provided by the Bioterium of José do Rosário 

Vellano University (UNIFENAS). The rats were housed in 
two or three per cage under a 12-hour light-dark cycle and 
had free access to commercial food and liquid (water or 
tea). The contralateral paws of each animal were used as the 
control group to avoid the use of more animals. 
The use of animals was approved by the CEUA (animal 
ethics use committee of the institution): protocol number: 
47:48 A/2017 – Date of approval: April 17, 2018.

Experimental groups
Two trials were conducted for this study. In the first trial, 
16 animals were used, which, after seven days of treatment, 
were euthanized for the proposed biochemical, biomechani-
cal, and morphological analyzes. The animals were arranged 
as follows:
•	 GW7: eight animals with partially transected tendons 

and access to food and water.
•	 GT7: eight animals with partially transected tendons and 

access to food and Morus nigra tea.
•	 GC7: control group. Intact contralateral paws of previ-

ous animals.
For the second trial, 16 more animals were used, which, after 
15 days of treatment, were also euthanized, and the analyses 
were completed. The animals were distributed as follows:
•	 GW15: eight animals with partially transected tendons 

and access to food and water.
•	 GT15: eight animals with partially transected tendons 

and access to food and Morus nigra tea.
•	 GC15: control group. Intact contralateral paws of previ-

ous animals.
Researchers responsible for the animal care were aware of 
how animals were been treated, given the nature of the treat-
ment (they had to offer the tea in the cages). Since the cages 
were labeled using numeric code. the researchers respon-
sible for euthanasia and animal surgery were not aware of 
group distribution. Any animals showing signs of starvation, 
dehydration, or behavioral changes were excluded from the 
experiment.

Procedure for partial transection of the tendons
Animals were anesthetized with an intraperitoneal injec-
tion of ketamine (90 mg/kg) and xylazine (12 mg/kg). 
After removing the skin, transverse partial transection was 
performed in the tension region of the calcaneal tendon, 
located at an approximate distance of 3 mm from the tendon 
insertion into the calcaneus bone. Subsequently, the tissues 
were repositioned, and the region was sutured (16).

Biomechanical and microscopy analysis
Tendon biomechanics were analyzed using a texturometer 
TA.XT plus, from Stable Micro Systems. The tendons were 



560 Muscles, Ligaments and Tendons Journal 2023;13 (4)

Morus nigra Effect over Tendon Healing

maintained in physiological solution until testing. Before the 
test, the length, width, and thickness of the tendons were 
measured using a digital caliper. The last two were determined 
at the midpoint of the distal region of each tendon and the 
cross-sectional area was calculated using these measurements.
During the test, both ends of the tendons were fixed in the 
machine, which applied an increasing load at a constant 
rate of 20 mm/min until tendon rupture. The force neces-
sary to rupture the tendon was designated as the failure 
load (F). Using this parameter and tendon displacement, 
it was possible to calculate the stress in MPa (σ = F/A), 
strain in % (ε = displacement/initial length), and Young’s 
modulus (E = σ/ε) (17).

Morphological analysis 
The tendons were fixed using a 4% formaldehyde solu-
tion in Millonig’s buffer (0.13 M sodium phosphate, 0.1 M 
NaOH– pH 7.4) for 18 h at room temperature and washed 
in water, ethanol dehydrated, diaphanized with xylene and 
paraffin-embedded. Longitudinal serial sections of 7 μm 
were stained with hematoxylin and eosin (HE) and analyzed 
under an Olympus BX 60 light microscope.

Biochemical analysis

Extraction procedure
The calcaneal tendons were removed and incubated in 
extraction buffer (50 mM Tris-HCl pH 7.4, 0.2 M NaCl, 
0.1% Triton X-100, 10 mM CaCl2, and protease inhibitor 
100 μL/10 mL) at 4 °C for 3 h. Subsequently, the material 
was centrifuged (13,000 × g, 20 min, 4 °C) (16).

Quantification of proteins
Non-collagenous proteins were quantified according to the 
Bradford method, using bovine serum albumin as the stan-
dard. Absorbance was measured at 595 nm (18).

Zymography
Metalloproteinase (MMP) analyses were performed using 
zymography methods (19). The samples were incubated in 
extraction buffer (50 mM Tris-HCl pH 7.4, 0.2 M NaCl, 
0.1% Triton X-100, 10 mM CaCl2, and protease inhibitor 
100 μL/10 mL) at 4 °C for 24 h. In total, 20 μg protein was 
loaded into each well. Polyacrylamide gels were prepared 
using 2 mg/mL of gelatin. The gels were incubated in 
incubation buffer (50 mM Tris-HCl pH 8.4, 5 mM CaCl2, 
and 1 μM ZnCl2) overnight at 37 °C. The gels were stained 
with Coomassie Brilliant Blue R-250 and bleached (30% 
methanol and 10% acetic acid in water). Finally, the gels 
were placed in a shrinking solution (30% methanol and 
3% glycerol).

Statistical analysis 
All results are expressed as the mean ± standard deviation. 
The Mann-Whitney test was used to analyze birefringence 
measures. Other quantitative data were compared between 
groups using the Student’s t-test. The level of significance 
was set at p < 0.05. Analysis was performed using GraphPad 
Prism® (GraphPad Software, La Jolla, CA, USA).

RESULTS
After the respective treatment periods, 7 and 15 days, receiv-
ing water or blackberry tea, the animals were euthanized, and 
the tendons were subjected to the following analyses.	

Biochemical analysis
Through comparative graphical analysis of the densitometry 
of zymography bands (figure 1), metalloproteinases (MMP) 
were quantified: MMP-2 of latent, intermediate, and active 
isoforms. In the groups treated for seven days, less MMP-2 
was observed in the tendons of rats that consumed blackber-
ry tea (GT7). Thus, this group came closer to the concentra-
tion of the contralateral control tendons (GC7) compared 
to the tendons of animals that consumed only water (GW7). 
The results were different in the groups treated for 15 days. 
In this case, MMPs-2 were statistically higher in animals 
that received blackberry tea (GT15), when compared to the 
group that received only water (GW15), and to the control 
group (GC15).

Figure 1. Band densitometry of zymography for the 
different isoforms of MMP-2 in the inflammatory (above) and 
proliferative phases (below). 
The groups connected in brackets indicate statistically significant differ-
ences (p < 0.05).
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Morphological analysis
Inflammatory changes (vascular changes and inflammato-
ry infiltrates) and reparative processes were analyzed. The 
morphological analyses of the groups differed in terms of 
cellularity and inflammatory processes. Image samples can 
be viewed in figure 2.
Microscopy could not demonstrate evident differences 
between groups treated with water or tea for only seven 
days (GW7 and GT7). The lesion area is well marked with 
inflammatory infiltrate and a great number of fibroblasts, 
with basophilic ECM. When treating the animals for 15 
days, differences arose in the images (compare GW15 and 
GT15). The tendons of GT15 are clearly more eosinophilic 
with reduced cellularization in the lesion area.

From Young’s Modulus, it was observed, also in both treat-
ment periods, that there were no statistical differences 
between the transected groups ‒ treated with tea or water. 
Both presented lower values than the control. In this way, 
the control tendons, with greater stiffness, endured greater 
strength but were less deformed and could suffer ruptures. 

DISCUSSION
This study aimed to evaluate the effects of blackberry 
tea (Morus nigra) on the healing process of the calcaneus 
tendon in rats during the inflammatory and mid-prolifera-
tive phases after partial transection. The data obtained can 
assist in further studies to seek alternatives for the treatment 
of tendon injuries.
Remodeling of the ECM of the tendon during the healing 
process depends on the action of MMPs, which are proteins that 
play an important role in the degradation of collagen, proteo-
glycans, and elastin (20). MMPs play a role in many biologi-
cal processes, including tissue remodeling and growth, and are 
also involved in defense mechanisms and immune responses 
of tissues. Physiological processes, such as growth and wound 
healing, involve increased expression of MMPs (21).

Figure 2. Image samples from histological slides obtained 
from the experimental groups. 
First row, images at 40x magnification; second row, 100x magnification.

Biomechanical analysis
The biomechanical properties were evaluated by analyz-
ing the following variables: strain (%) or stretching, stress 
(Mpa) or tension, and Young’s modulus (Mpa), which refers 
to elasticity. All the results were summarized in figure 3.
Analyzing the animals submitted to seven days of treatment, 
the statistical analysis showed, with p < 0.05, that the strain 
(elongation of the tendon) presented no differences between 
the control (GC7) and animals treated with water (GW7). 
Nevertheless, the strain was considerably higher in the group 
treated with tea (GT7). In the fifteen-day treatment, howev-
er, there was no statistical difference between the groups. 
Stress demonstrated that in both treatment periods, the 
transected groups had a reduction in their resistance to 
tension, with no statistically significant difference between 
the treated and control groups. Meaning the force required 
to rupture the control tendons was considerably higher than 
that required to break the transected tendons that received 
tea or just water.

Figure 3. Summary of biomechanical results for all experi-
mental groups. 
Different letters indicate statistically significant differences (p < 0.05).
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The MMP-2 is a constitutively expressed gelatinase, 
involved in the natural collagen turnover. The physical 
lesion naturally brought an increase to the expression of the 
protease in the tendons, but our results demonstrated that 
the animals treated with tea kept the values closer to the 
uninjured animals during the inflammatory phase (figure 1). 
Although necessary for the tendon recovery, large amounts 
of MMPs results in excessive collagen degradation, making 
the tendon more susceptible to ruptures (22).
Interesting results were observed after 15 days of treatment 
with Morus nigra. The MMP-2 expression of the control 
animals was similar to the ones treated with water, but there 
was a significant increase in the tea-treated animals (GT15). 
At the same time, figure 2 shows the difference in morpholo-
gy between GW15 and GT15, the last having an ECM much 
more eosinophilic around the lesion, and visible reduction 
in the inflammatory infiltrate. This eosinophilia is evidence 
of a shift in the concentrations of GAGs (very anionic) and 
collagen fibers deposition by fibroblasts, approximating the 
tendon of a healthy one. Reduced cellularization in GT15 
also evidences a more organized tendon and an evolution in 
the recovery of the structure.
The anti-inflammatory capabilities of the Morus genus were 
demonstrated by other researchers. Substances isolated from 
the root bark of M. nigra were able to decrease the secretion of 
the pro-inflammatory cytokines TNF-α and IL-1β in macro-
phages stimulated by LPS, thus reducing inflammation (23). 
It was also demonstrated that treatment with blackberry leaf 
extracts and pulps reduced the number of total leukocytes in 
bronchoalcoholic lavage fluid in septic mouse models, indicat-
ing a reduction in the inflammatory infiltrate in the lung (24).
The parameters analyzed regarding the biomechanical 
properties were stress, which corresponds to the strength 
needed to cause the tendon rupture, strain refers to how 
much the tendon could be stretched before the rupture, 
and Young’s modulus, whether the tendon is elastic, or if its 
structure is rigid.
Analysis of the biomechanical properties revealed that the 
transected tendons were less resistant to the applied pres-
sure (stress). During the inflammatory process, the ECM 
changes, and the complex arrangement of collagen fibrils 
responsible for tendon resistance becomes disorganized. 
Therefore, during that period, the tendon became more 
susceptible to further ruptures (22). The use of anti-inflam-
matory substances, by reducing the duration of inflamma-
tion, can prevent new injuries. In GT7, greater elasticity was 

observed, which resulted in a greater elongation capacity; 
however, less load was supported. Other parameters test-
ed could not assert differences between the groups for the 
treatment times chosen.
The disorganization of collagen fibers, a characteristic of 
an injured tendon, is related to the increased performance 
of MMPs due to inflammation. During the tendon healing 
process, the ECM has a disorganized appearance, and even 
with treatment, the original biomechanical properties are 
never recovered (25).

CONCLUSIONS
Studies that specifically relate the effects of Morus nigra tea 
on tendon recovery are scarce. However, its properties can 
be explored and made suitable for the treatment of these 
lesions, especially anti-inflammatory substances. This paper 
demonstrates the value of the extract in accelerating the 
tendon recovery, but the mechanisms by which it is achieved 
need to be elucidated. Further studies could provide more 
molecule-specific answers to increase even more the desired 
recovery responses.
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