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Bromelain, an enzyme extracted from the stem of the pineapple plant has been proposed as a treatment for
reducing pain and swelling following acute muscle injuries but studies are yet to be done on its effect on tendon
healing. This study therefore investigated the effects of bromelain on tenocyte proliferation and the tendon
malondialdehyde (MDA) level in the early stage of healing in a crush injury to the Achilles tendon of SpragueDawley rats.
Twenty four male rats were divided randomly into three groups; groups 2 and 3 had induced crush injury to
the left Achilles tendon. Group 1; nil injury and nil treatment, Group 2; nil treatment, Group 3; oral bromelain
treatment. Bromelain was given at a dosage of 7 mg/kg body weight daily over the first 14 days post-injury. On
day 15 post injury, the animals were killed and the tendons excised and processed for histological study and
MDA assay.
The results showed a significant increase in the tenocyte population in the bromelain group; p < 0.05. There
was, however, no significant difference in the MDA level.
Conclusion: Based on this study, 600 GDU bromelain given once daily in acute tendon injury at a dosage of
7 mg/kg promoted healing by stimulating tenocyte proliferation. Copyright © 2010 John Wiley & Sons, Ltd.
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INTRODUCTION
The management of acute tendon injuries has always
posed a serious challenge to clinicians because of its
poor vascularity and slow rate of healing. Tendons
respond to injury and micro-trauma by exhibiting an
inflammatory response; a condition known as tendinitis.
A failed acute inflammation in the early stage of healing
results in tendon degeneration known as tendinosis
(Leadbetter,1992); a vicious cycle of failed healing and
re-injury which is characterized by tenocyte death,
tendon degeneration, chronic pain, disability and deformity (Kulig et al., 2009). Tendon cells are specialized
fibroblasts known as tenoblasts and tenocytes which
constitute about 90–95% of cellular elements in the
tendon (Sharma and Maffulli, 2005). These specialized
cells synthesize collagen molecules in response to injury.
Tenoblasts are round, immature proliferating cells
regarded as the activated form of tenocytes during
intrinsic tendon healing (Davidson et al., 1997; Chuen
et al., 2004). As healing progresses, tenoblasts mature
and are transformed into the elongated tenocytes
(Kannus et al., 2000).
Tendinosis also partly occurs secondary to apoptosis
induced by oxidative stress which results from an
increase production of reactive oxygen species (ROS)
by inflammatory cells and proliferating tenocytes in
response to cytokines and growth factors (Banes et al.,
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1995; Yuan et al., 2002; Kehrer and Smith, 2007). ROS
have been reported to be beneficial in healing in low
physiological levels by stimulating fibroblast proliferation (Murrell et al., 1990). In large doses, however, ROS
are toxic resulting in lipid peroxidation and apoptosis
(Murrell et al., 1997). Lipid peroxidation can be evaluated by the thiobarbituric acid reactive substance
method (TBARS) which evaluates the oxidative stress
assayed for malondialdehyde, the last product of lipid
breakdown caused by oxidative stress (Omodeo-Sale
et al., 1998).
Studies have shown that highly concentrated proteolytic enzymes can be used to treat tendinitis due to their
antiinflammatory properties (Lopez et al., 1994). Bromelain, a general name for a family of sulfhydryl proteolytic enzymes obtained from Ananas comosus, the
pineapple plant, has been reported to be helpful in
healing minor injuries, especially strains and sprains,
muscle injuries, tendonitis and bruising by reducing
swelling, healing time and pain (Tassman et al., 1965).
Bromelain’s action is in part a result of inhibiting the
generation of bradykinin at the inflammatory site via
depletion of the plasma kallikrein system, as well as
limiting the formation of fibrin by reduction of clotting
cascade intermediates. These actions result in significant reduction in pain and oedema, as well as enhanced
circulation to the injured site (Kelly, 1996). Bromelain
has been shown to exert beneficial effects, some of
which are antiinflammatory in acute injuries and prevent
platelet aggregation at doses as low as 160 mg/day
(Blonstein, 1960). The general consensus among
researchers, however, is that the best results occur when
bromelain is given at doses above 500 mg per day and
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that result improves in a dose-dependent manner with
higher levels of bromelain supplementation (Kumakura
et al., 1988). Bromelain is considered to have very low
toxicity, with an LD50 greater than 10 g/kg (Taussig and
Batkin, 1988) and can be absorbed in the gut without
losing its biological properties (Uhlig and Seifert, 1981).
Rather than blocking the arachidonic acid cascade at
the enzyme cyclooxygenase, like NSAIDs, bromelain
may selectively decrease thromboxane generation and
change the ratio of thromboxane/prostacyclin (PGI2) in
favor of prostacyclin (Taussig and Batkin, 1988) and
unlike NSAIDs which have deleterious effects with long
term use, it appears to be safe at high doses and when
taken long term (Miller et al., 2004).
As suggested by Marsolais et al. (2003), it is pertinent
to investigate other treatment modalities that may stimulate the tenocytes to proliferate and increase the biosynthesis of extracellular matrix and collagen which are
crucial stages for the return of normal tendon strength
(Davidson et al., 1997; Dahlgren et al., 2002). From the
foregoing, bromelain could be an alternative to consider
in the treatment of acute tendon injuries if found to
induce the proliferation of tenocytes in addition to its
reported effect on the reduction of pain and swelling.
This study is designed to determine the effect of a daily
administration of bromelain on tenocyte proliferation
and the oxidative stress level in a crush injury model of
the rat’s Achilles tendon.
MATERIALS AND METHODS
Materials. Twenty four 8-week old male Sprague-Dawley albino rats weighing 120–160 g were used for the
study. The animals were kept in the animal room of the
Department of Anatomy, College of Medicine, University of Lagos where the study was carried out. They
were kept under standard conditions of 12-h light and
12-h darkness photoperiodicity. The rats were fed on
commercial rat chow and water ad libitum.
Bromelain. Bromelain tablets 500 mg, 600 GDU manufactured by ™ Holland and Barrrett, USA were used for
this study. The tablet was constituted into syrup form by
adding 500 mL of water to 500 mg of the crushed tablet,
with 1 mL of the syrup containing 1 mg bromelain.
Experimental protocol. The animals were randomly
assigned into three groups of eight rats per group. All
the rats in groups 2 and 3 had a crush injury to the left
Achilles tendon. The animals were treated as follows:
Group 1 (normal control): The rats did not undergo a
crush injury and had no treatment
Group 2 (experimental control): No treatment was
administered
Group 3: The rats had oral bromelain once daily.
The rats in each group were further randomly subdivided into groups A and B with four rats in each group.
Subgroup A – Tendons processed for histology.
Subgroup B – Tendons assayed for MDA evaluation.
Injury procedure. The pre-injury circumference of the
left hind limb for each rat was taken 2 cm above the
Copyright © 2010 John Wiley & Sons, Ltd.

calcaneal insertion of the Achilles tendon by means of a
flexible inextensible marked cord. The Achilles tendon
of the left limbs was clamped with Number 1 artery
forceps to the forceps maximum closure for 60 s to induce
a crush injury (Paulo et al., 2006). Twenty-four hours
post-injury, the post-injury circumference of the hind
limbs was taken again at the same marked point to ascertain if there was oedema as a sign of inflammation.
Bromelain administration. Oral bromelain administration commenced 24 h post-injury by gavage at a dosage
of 7 mg/kg of body weight using a calibrated oro-pharyngeal metal cannula. The animals were given between
0.8–1.1 mL of syrup depending on the body weight.
Treatment was given once a day for the next 14 days.
Bromelain was given for six consecutive days with a
day interval in between. Only the rats in group 3 were
treated with bromelain.
Animal killing and tendon harvest process. On day 15
post-injury, the animals were killed and the Achilles
tendons excised. The tendons in subgroup A were processed for histology using the technique of stereology
described by Young and Dyson (1990) while those in
subgroup B were assayed for MDA evaluation.
Stereological analysis. The slides were observed under
the light microscope fitted with an ocular test grid at a
magnification of ×100 using the method of Cruz-orive
and Weibel (1990). The tenocyte profile identified was
the nucleus. Forty random values (10 per animal) were
obtained for each group. The numerical density (NA)
is the number of tenocyte profiles per unit area of field
(Gundersen, 1986). This is estimated as the profile
number of tenocytes (N) within the frame of the test
grid (A). N was determined by counting all the tenocyte
profiles partially or totally within the frame area that
did not intersect the forbidden lines, which are the top
and left margins of the test grid (Cruz-orive and Weibel,
1990). The tenoblasts were further differentiated from
the typical tenocytes by their shapes. The elongated
cells were identified as tenocytes while the ovoid cells
were identified as tenoblasts (Chuen et al., 2004).
Determination of tendon malondialdehyde. Tendon
malondialdehyde (MDA) levels were determined using
the modified thiobarbituric acid (TBA) method of
Buege and Aust (1978). The excised tendon was homogenized in 2 mL of normal saline and the homogenate
centrifuged at 1000 × g for 10 min in a Uniscope laboratory centrifuge and the supernatant assayed for MDA
evaluation. The concentration of malondialdehyde was
calculated using the molar absorptivity coefficient of
malondialdehyde which is 1.56 × 105 m-1 cm-1
Statistical analysis. The data obtained from the stereological evaluation of the tenocyte population and the
MDA values were subjected to statistical analysis
and expressed as mean ± SD. Differences between
groups were compared using analysis of variance
(ANOVA). In order to eliminate the possibility of
the non-significant values masking the effect of the
significant values as a result of the large sample sizes,
paired samples were further analysed using a Students’
t-test. The null hypothesis was set at a significant level
of 0.05 or 5%.
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Table 1. Comparison of tenocyte population among the different
groups
Group
Mean ± SD of tenocyte
count/unit area

p

N/control
24.3 ± 16.5
Expt. control
22.0 ± 12.9
Bromelain
27.7 ± 7.8
0.21

Expt control
22.0 ± 12.9
Bromelain
27.7 ± 7.8

0.03a

a
Significant at p < 0.05.
Group 1, normal control; nil injury, nil treatment.
Group 2, experimental control; injury, nil treatment.
Group 3, bromelain.

Table 2. Comparison of MDA level among the different groups

Figure 1. L/S of tendon of rat treated with 7 mg/kg, 600 GDU
oral bromelain daily showing coarse, dense, well laid out collagen fibers (C) and mature tenocytes (T). H & E × 100.

Group
Mean ± SD of MDA level
μmol/mg protein

p

N/control
0.84 ± 0.17
Expt. control
0.99 ± 0.14
Bromelain
0.98 ± 0.10
0.33

Expt control
0.99 ± 0.14
Bromelain
0.98 ± 0.10

0.97

Group 1, normal control; nil injury, nil treatment.
Group 2, experimental control; injury, nil treatment.
Group 3, bromelain.

RESULTS
The injury protocol adopted in this study evidently elicited a crush injury as seen in the observable hyperaemia
over the skin and soft tissue of the crush-injured tendons
24 h post-injury. There was also a mean circumference
increase of 0.2 ± 0.01 cm in the affected limbs indicating
the presence of oedema.
The results of the tenocyte count showed tenocyte
proliferation in the bromelain treated group compared
with the control groups (Table 1). There was a statistically significant difference in the means of the experimental control and bromelain groups (p = 0.03).
However, bromelain had no significant effect on the
reduction of MDA levels compared with the injured
untreated group (Table 2).
Histological sections of the bromelain treated tendon
showed bundles of coarse, dense and regularly arranged
collagen fibers among which were scattered tenocytes
with elongated nuclei (Fig. 1). In the experimental
control group, sections showed proliferating tenocytes
with relatively large and rounded nuclei. There are focal
areas of mononuclear inflammatory cell infiltrates and
a relative absence of well formed collagen fibers (Fig. 2)
DISCUSSION
With the increase participation in both competitive and
recreational sports in recent times, there has been an
upsurge in the incidence of acute tendon injuries. The
management of these injuries has remained a challenge
to clinicians because of a poor healing response which
Copyright © 2010 John Wiley & Sons, Ltd.

Figure 2. L/S of tendon of rat in the experimental control group
showing proliferating, plump immature tenocytes (T), infiltration of mononuclear inflammatory cells (F) and relative absence
of well formed collagen fibers (C). (H & E) × 100.

predisposes the affected tendon to tendinosis, risk of
re-injury and eventual rupture. Any treatment modality
that will induce tenocyte proliferation will accelerate
tendon healing and prevent tendinosis (Caring Medical,
2007).
Bromelain, reported to be effective in reducing pain
and swelling following acute injuries is shown by this
study to cause a significant proliferation of tenoblasts
when administered once daily at a dosage of 7 mg/kg,
600 GDU though it just marginally reduced the MDA
level. Compared with the injured untreated tendon,
bromelain did not significantly lower the MDA level yet
resulted in significant proliferation of tenoblasts. That
bromelain was able to cause a significant proliferation
of tenoblasts at about the same level of oxidative stress
with the injured untreated tendon may suggest a role
for ROS in bromelain’s effect on the proliferation of
tenoblasts. Alternatively, it may be attributed to the fact
that bromelain increases the expression of PGI2 and
PAF through a modulation of the cytokine system. This
in turn results in an increase proliferation of tenoblasts
and collagen synthesis (Kelly, 1996). The increased
population of tenocytes thus generates ROS in response
to cytokines and growth factors in addition to the fact
Phytother. Res. 25: 49–52 (2011)
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that the pro-proliferative action of growth factors may
be mediated through H2O2 production (Banes et al.,
1995; Sundaresan et al., 1995). Thus, the high level of
MDA in the bromelain treated tendon may be secondary to its proliferative effects on the tenoblasts.
Further studies are needed to determine the effects
of bromelain on the generation of different types of
ROS particularly nitric oxide (NO) which has been
reported to enhance tenocyte proliferation and tendon
healing (Murrell et al., 1990, 1997).
In addition, the profound positive effects of bromelain on the morphology of the healing tendon just 2
weeks post-injury as indicated by the presence of mature
tenocytes and well-aligned collagen bands suggests
that this extract of the pineapple plant may play a
significant role in the healing of acute tendon injuries.
This effect may also be due to the fact that proteolytic
enzyme formulas have demonstrated the ability to
remove toxic waste and excess free radicals in the tendinitis areas that inhibit recovery from injury (Lopez et
al., 1994). This study has thus shown that 7 mg/kg, 600
GDU bromelain administered once daily over the first

14 days following acute tendon injury augmented
healing compared with the group that was allowed to
heal naturally. From the foregoing, it is pertinent to
study the effects of a higher dosage of this enzyme since
its effect has been reported to be dose dependent and
non-toxic even at doses as high as 10 g/kg (Taussig et
al., 1975). It is also important to undertake clinical trials
on human subjects as well.
In conclusion, this study suggests that bromelain may
be an option to consider in the management of acute
tendon injuries.
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