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ABSTRACT. The pineapple is a fruit that has wide acceptance worldwide both in natural form, as
industrialized. Your peel is a residue generated by food industries and from this residue can obtain a
protein extract which is a good source of bromelain. This study aimed to obtain a protein extract from
pineapple peel, evaluate its enzyme activity and its healing properties in skin lesions in rats. Seven animal
groups were used: control, treated with 5% of protein extract, 10% of protein extract and pure protein
extract; 5% of commercial bromelain, 10% of commercial bromelain and pure commercial bromelain. The
animals were subjected to a tissue incision and treated for 21 days. Proteolytic and specific activities of
the protein extract were 1.30 U mg™! and 45 x 10-3 U ug'! and, for commercial bromelain, 1.04 U mg! and 6
x 103 U pg'l, respectively. In the histology of the lesion, there was no significant difference between the
control and treated groups; however, macroscopically, the prepared topical formulations assisted in the
recovery of skin lesions, providing a significant reduction in their width, in the groups treated with pure
protein extract, 5 and 10% commercial bromelain, and pure bromelain.
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Introduction

Pineapple (Ananas comosus) is a tropical fruit of the Bromeliaceae family, which has great economic
importance, and Brazil is one of the world's leading producers (Viana, Reis, Jesus, Junghans, & Souza, 2013;
Ramallo & Mascheroni, 2012). The edible part of the plant is the pulp, a portion which only represents 23%
of the total, while the remainder, consisting of stem, leaf, peel, crown and stalk, are considered an
agricultural waste and are not fully exploited, resulting in economic losses (Aratjo, Sabaa-Srur, Rodrigues,
Manhaes, & Canto, 2009; Nor, Ramchandran, Duke, & Vasiljevic, 2015).

Bromelain is a mixture of different thiol endopeptidases and other components like phosphatases,
glucosidase, peroxidases, cellulases, glycoproteins, carbohydrates, and several protease inhibitors (Pavan,
Jain, Shradalha, & Kumar, 2012; Kennedy & Turan, 1999). In Brazil, bromelain is not produced for
commercial purposes. However, this enzyme can be obtained from all parts of the pineapple, including
waste from the food industry. Therefore, the reuse of this waste for bromelain extraction is an alternative
capable of adding commercial value to these by-products, favoring new markets.

Several studies have attributed numerous therapeutic properties to bromelain, such as: anti-
inflammatory action, inhibition of platelet aggregation, fibrinolytic activity, antitumor action, modulation
of cytokines and immunity, debridement properties of the skin, increased absorption of other drugs,
mucolytic properties, digestion facilitation, healing acceleration and improved circulation and
cardiovascular system (Orsini, 2006, Bromelain, 2010; Bala et al., 2012; Si-Yu et al., 2012; Rosenberg et al.,
2014). It is a mixture of cysteine proteinases, which has been widely used in burn debridement (Rosenberg
et al., 2004; Singer et al., 2010). Wound healing is perfectly coordinated cascade of cellular, molecular and
biochemical events occurring that interact to tissue reconstitution (Campos, Branco, & Groth, 2007).
Healing is a process that occurs to restore the anatomical and functional integrity of tissues and is of great
interest to health professionals, since its efficiency accelerates the patient's rehabilitation process (Leite,
Oliveira, Soares, & Barrocas, 2012; Beheregara et al., 2014).
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Among the products of dermatological interest, noteworthy are the action topical products incorporated
in pharmaceutical forms, these can in turn allow reestablishment of integrity of the skin after possible
aggressions. In this context, bromelain has potential application for the treatment of skin wounds,
accelerating the healing process. Given the above, this study aimed to extract bromelain from pineapple
peel, obtaining a protein extract, compare its enzymatic activity with that of commercial bromelain and
evaluate its healing properties in skin lesions in rats.

Material and methods

Raw material

Pineapples (Ananas comosus L. Merril) cultivar Pérola, 30 units, from the State of Pard, were obtained at
Central de Abastecimento de Minas Gerais (CEASA), in the city of Contagem, metropolitan region of Belo
Horizonte. Bromelain commercial (Sigma-Aldrich) was purchased from international laboratory and used as
a standard.

Preparation of pineapple peel crude extract

The fruits were washed and sanitized with 200 mg L' sodium hypochlorite for 10 minutes.
Pineapples were rinsed with distilled water and subsequently dried at room temperature, weighed, had
their crowns removed and were then peeled with the help of a knife. The peel was processed in a Walita
food processor, filtered at room temperature and centrifuged at 6000 x g for 15 minutes at 4°C. The
precipitate was discarded and an activator solution containing 4 x 103>mol! EDTA and 102 mol™! cysteine
was added to 2760 mL of the supernatant, for the obtention of a 0.5% w/v final activator solution,
according to Silvestre et al. (2012), with modifications. This solution was called crude extract, which
was frozen in a freezer.

Preparation of proteic extract

The crude extract was precipitated for each 100 mL crude extract, 200 mL of 80% ethyl alcohol was added
at 5°C under constant stirring, in an ice bath. The extract was then centrifuged at 2912 x g for 20 minutes at
5°C, the supernatant was removed and the precipitate was frozen, lyophilized, milled and stored under
refrigeration until the analyses were performed.

Determination of protein content

The total protein content was determined by the Coomassie blue technique, according to Bradford
(1976), using bovine serum albumin (BSA) as a reference protein. Color intensity was measured at 595
nm.

Determination of the proteolytic activity of the protein extract from pineapple peel and commercial
bromelain

The determination of proteolytic activity was performed according to Kumar (2002) and Tremacoldi
and Carmona (2005). Albumin was used as the substrate to be hydrolyzed by bromelain. The albumin
solution and the protein extract were prepared with Mcllvaine buffer solution (0.2 mol! sodium
phosphate and 0.1 mol™! citric acid) at pH 5.0, and incubated in a water bath at 37°C for 30 minutes.
After incubation, the reaction was quenched with 1.5 mL trichloroacetic acid at 10%, the mixture was
centrifuged at 15,000 x g at 4°C and the absorbance was measured at 280 nm in a UV-VIS
spectrophotometer.

A tyrosine standard curve was constructed with an L-tyrosine (Sigma) solution (100 ug mL™!), diluted
in 0.1 mol! HCI. The enzyme activity was expressed as U mg'!, corresponding to ug (tyrosine released)
min?! mL,

Standardization of optimal conditions for the enzymatic assay

The optimal conditions of the enzymatic assay were tested in the protein extract and in commercial
bromelain; pH, temperature, enzyme concentration and substrate concentration were evaluated, as
described by Kumar (2002) and Tremacoldi and Carmona (2005).
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Determination of the specific activity of the protein extract from pineapple peel and commercial
bromelain

The specific activity was calculated from the ratio between total proteolytic activity and total
concentration of sample proteins, according to the Figure (1) and was expressed in U pg'.

Proteolytic activity (U mg!)
Protein (ug mg)

Specific activity=
Figure 1. Equation specific activity.

Cream preparation

Commercial bromelain and pineapple peel proteic extract were incorporated in nonionic Polawax,
according to Formuldrio Nacional - Farmacopéia Brasileira (Brasil, 2012), at concentrations of 5 and 10%; pH
values in the cream were measured by indicator strips.

Biological assay

The biological assay was approved by the Ethics Committee on Animal Use (CEUA) of Universidade
Federal de Lavras - UFLA, under protocol N° 007/2012.

Thirty five young adult female Wistar rats (Rattus norvegicus) from the vivarium of the Department of
Veterinary Medicine (UFLA) were used, with an initial weight of 185 # 10 g. The animals were randomly
divided into seven groups (n = 5/each). Group C- control there was no treatment, group 5% EP -treated with
cream containing 5% protein extract, group 10% EP-treated with cream containing 10% protein extract,
group EP-treated with pure powder protein extract, group 5% B-treated with cream containing 5%
commercial bromelain , group 10% B- treated with cream containing 10% commercial bromelain and group
B-treated with commercial pure powder bromelain (B).

The animals were kept in individual cages in a room with temperature of 25 * 3°C (12 hours light/dark
cycle), where they received rodent chow and water ad libitum for one week for adaptation; subsequently, the
experiment started.

Induction of skin lesions

The animals were weighed and anesthetized with 35 mg kg! thiopental, intraperitoneally, and 2%
lidocaine, a local anesthetic, infiltrated in the area where the incision was made. After trichotomy of part of
the dorsal region of the animals, the area to be damaged was marked; therefore, a ruler with circular area
and 1cm diameter was used. A skin opening was then made in the dorsal region of the animals, with the aid
of surgical scissors. In this study, the width and length of the lesion were evaluated, in order to assess tissue
contraction that occurs in healing.

Treatment

For 21 days, the animals of the treated groups received daily treatment with: cream with 5% protein
extract (5% EP); cream with 10% protein extract (10% EP); pure protein extract (EP); cream with 5%
commercial bromelain (5% B); cream with 10% commercial bromelain (10% B) and pure commercial
bromelain (B). Disposable wooden spatulas were used for the application of cream formulations, and powder
samples (EP and B) were sprinkled onto the lesions. The control group received no treatment. The length
and width of the lesions were measured weekly with the aid of a caliper by the linear measurement of the
vertical and horizontal axes of the lesion.

At the end of the experiment, euthanasia was performed using thiopental, until the absence of vital signs
was observed.

Histological analysis

After euthanasia, the skin lesions were fixed in 10% formol, sectioned, dehydrated and diaphanized at
room temperature. They were then embedded in paraffin, subjected to trichotomy and stained with
hematoxylin-eosin.
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Statistical analysis

Enzyme assays were performed in triplicate and the results were expressed as mean * standard deviation.
The results for the size of the lesion were subjected to analysis of variance and Scott-Knott test at 5%
probability, using the program Ferreira (2003).

Results and discussion

Standardization of optimal conditions for the enzymatic assay

It was standardized ideal conditions for enzymatic assay, as depending on the enzyme source, harvest
time may change its optimal conditions of action. Enzyme activity was evaluated at different pH conditions
(3,4,5,6,7,8and 9), temperatures (30, 40, 50, 60, 70 and 80°C), enzyme concentrations (1, 2, 4, 6, 8 and 10
mg mL!) and substrate concentrations (0.10, 0.30, 0.50, 0.70, 0.90 and 1%).

The selected enzyme concentration was 4 mg mL! and the substrate concentration was 0.5%,
concentrations that are highlighted both for commercial bromelain and the protein extract.

The best activity of bromelain was at pH 6.0 for both the protein extract as for commercial bromelain.
Franca-Santos, Alves, Leite, and Fernandes (2009), testing extracted bromelain from pineapple fruit
presented optimum pH of 5.0, as Silvestre et al. (2012) found for the protein extract of pineapple an
optimum pH of 7.0. This difference can be attributed to purification methodology and the part of the plant
that was used (stem, fruit, peel or pulp) may influence the action of the enzyme.

Regarding temperature, the maximum activities of commercial bromelain and protein extract were
different. For the protein extract, the optimum temperature observed was 50°C while, for commercial
bromelain, this temperature was 70°C. This difference can be attributed to the fact that purified enzymes
were more resistant to high temperatures than non-purified ones, and it may also be related to the origin of
bromelain, since enzymes extracted from different parts of the plant (stem, fruit, peel or pulp) may have
different behaviors. Therefore, the temperature of 50°C was selected since, above this temperature, the
enzyme may be denatured in the protein extract.

The review by Bala et al. (2012) relates to the characterization of many authors, who found the optimum
temperature for stem bromelain from 50 to 60°C while the fruit bromelain the optimum temperature 37-70°C.

The ideal conditions for the enzyme assay were standardized, since the optimal conditions for the action
of bromelain may change, depending on enzyme source and fruit harvest time.

Protein content, proteolytic and specific activity of the protein extract from pineapple peel and
commercial bromelain

The results of protein content, proteolytic activity and specific activity of the protein extract and
commercial bromelain are shown in Table 1.

Table 1. Protein, proteolytic activity and specific activity of commercial bromelain and the protein extract from pineapple peel.

Bromelain Protein Proteolytic activity Specific activity

(ug mg ! sample) (Umg™) (U ug! protein)
Commercial bromelain 173.16 £0.80 1.04 £ 0.02 6x10°+0.06
Protein extract 28.7+0.85 1.30£0.10 45x 103+0.02

Data are the mean of triplicate + standard deviation.

The enzymatic activity of bromelain can be expressed in proteolytic activity or even in specific activity,
and in this, taken into consideration the amount of proteins presents in the extract.

The protein extract of pineapple peel had lower protein content than that found in commercial
bromelain, a result which was anticipated, since commercial bromelain is a purified protein. However, the
proteolytic activity of the protein extract (1.30 U mg!) was higher than that found in commercial bromelain
(1.04 U mg!), indicating that a simple extraction methodology can be used to extract the enzyme.

The specific activity of bromelain in the protein extract of the peel was higher than commercial
bromelain (45 x 103 U ug! and 6 x 10 U pg'!, respectively); thus, the protein extract can be considered a
good bromelain source with high specificity. In studies with pineapple peels, Silvestre et al. (2012) found a
content of 1.6 U mg! in pH 6.0 for specific activity, this is probably due to the difference between the
sample and the methodology used.
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The variations observed in the specific activity of bromelain are probably due to the difference in
growing conditions, soil and climate, sample type and different extraction methodologies.

Chemical characteristic of the cream

Cream formulations were prepared using Polawax, pH 5.5. Cream EP 5 and 10% showed small
granulations and bromelain with 5 and 10% commercial cream was quite homogeneous. The incorporation
of 5% bromelain, both by the protein extract, and the commercial bromelain, caused a decrease in the pH of
the wax to 5.0, while the addition of 10% bromelain, by the protein extract or commercial bromelain,
resulted in a wax with pH 4.5. The reduction in pH by the addition of bromelain was expected, since it is an
acidic protein and skin pH is slightly acidic (4.6-5.8), which contributes to bactericidal and fungicidal
protection on its surface (Leonardi, Gaspar, & Campos, 2002); the cream will not influence skin pH and this
natural protection.

Biological assay

The development in wound healing during the experiment is shown in Figures 2A and 2B. It is observed
that, throughout the days, there was a reduction in lesion size. However, this reduction was more evident in
width (Figure 2B) than in the length of the wound (Figure 2A), a behavior found in all groups. The reduction
in lesion length is due to contraction and epithelialization mechanisms that occur during the healing
process (Townsend, Beauchamp, Evers, & Kenneth, 2015).

C= 1= day | C: T day C: 14™ day

C: 21* day EP: 21* day

Figure 2. A) Skin lesion in animals of the control group, on the 1st, 7 and 14" days after surgery, respectively and B) Skin lesion on the
21% day in control and treated groups (EP), respectively.

In the evolution of healing of skin wounds, there was the formation of surface crusts up to the seventh
day, both in the control group and in the treated groups. However, the appearance of crusts in the treated
groups occurred within the first 3 days after surgery, while the presence of crust was observed from the
fourth day in the control group. Eurides et al. (1998) and Monteiro, Correa, Pavanelli, Valentini and Biazon
(2015) reported that the presence of crust on the wound favors the healing process; therefore, the treatment
with bromelain cooperated with wound healing. Over the days, there was a thickening of the crust in all
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groups. However, from the 14" day, the crust stood out, evolving into granulation and epithelialization
tissue until the 21t day.

In Figure 3A, it is noted that, over the weeks, there was a reduction in lesion length for all groups
analyzed. At Week 0, the lesion was measured on the day of surgery, and it was possible to observe 100%
lesion length. Over the weeks, there was no significant difference in lesion length of the control and treated
groups. This is probably due to the fact that tissue shrinkage occurred in the horizontal direction and caused
a slight reduction in length, forming a scar which appears as a vertical line, and can be seen in Figure 2B.

In week 0, 100% lesion width were observed (Figure 3B) and, over the weeks, there was a reduction in the
width of these lesions for all groups analyzed.

CJcContral
EZZUEP 5%
EEger 0%
E=3¢eP
=18 5%
=8 10%
s

100

% Lesionwidth

% Lesionlength

Weeks Weeks

Figure 3. A) Percentage of length of skin lesions in rats from the control group and those treated with protein extract and bromelain,
during the weeks. B) Percentage of width of skin lesions in rats from the control group and those treated with protein extract and
bromelain, during the weeks. Means followed by the same lowercase letters between treatments and uppercase between weeks, do not
differ by the Scott-Knott test at 5%.

In Figure 2A, over the weeks, there was no significant difference in lesion length of the control and
treated groups. This is probably due to the fact that tissue shrinkage occurred in the horizontal direction
and caused a slight reduction in length, forming a scar which appears as a vertical line, and can be observed
in Figure 3B.

Width reduction in groups EP, 5% B, 10% B and B was significantly higher than that shown by groups 5%
EP, 10% EP and control. Groups treated with the formulations 5% EP and 10% EP were not different from
the control at the end of the experiment. This is probably the cream absorption protein extract was lower
due to its more granulation, making it less had healing activity despite having larger specific and proteolytic
activities that commercial bromelain.

However, although not purified, the protein extract showed a similar result to commercial bromelain,
when applied directly to the lesions, indicating that bromelain has the potential to aid in wound healing,
even when extracted from pineapple peel.

Bromelain has properties such as: debriding; anti-inflammatory, accelerator of granulation tissue
formation, and wound healing processes (Candido, 2001; Maurer, 2001; Jorge & Dantas 2003). Thus, the
results observed in this study indicate that the healing potential of the formulations prepared may be
attributed to the healing properties of bromelain. Si-Yu et al (2012) observed improvement in wound
healing using topical bromelain in pigs, due to enzimatic debridement improve the perfusion and
oxygenation of the wound site is critical to ensure appropriate healing because it involves the supply oxygen
and nutrition, elimination of metabolic waste, control of infection, and cytokine release in the wound.

Hu et al. (2011) also demonstrated the effect of bromelain in wound debridement caused by firearms in
pigs. They realized that a bromelain solution (10 mg mL™) rapidly hydrolyzed the wounded tissue with
minimal effect on normal tissue, showing advantages in the enzymatic debridement associated with a single
incision wound, in place of conventional surgical debridement widely used to debride firearm injuries.

According Orsini (2006) bromelain may be also of interest for plastic surgery because of its ability to
reduce pain, swelling, inflammation and platelet aggregation, and enhance antibiotic effect, all beneficial
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for postoperative recovery. Aichele, Bubel, Deubel, Pohlemann, and Oberringer (2013) studied the effect of
bromelain on tissue regeneration at the cellular level through in vitro wound healing assay. They used two
major healing models of soft tissue, fibroblasts and microvascular endothelial cells. The results showed that
the therapeutic use of bromelain in the treatment of chronic wounds is very promising.

According to this study bromelain shows a potential recovery of skin lesions, further study must be
carried due the small sample size.

Histological analysis

Histological analysis at week 3 (Figure 4) showed that, at this stage, epithelialization of lesions occurred,
and the discreet presence of fibroblasts was observed in 20% of the blades for all groups, with no difference
in optical microscopy at the end of the experiment. Along weeks, the lesions were not assessed
microscopically, due to the amount of available animals. Therefore, it is important to expand the
experimental study, using more animals.

Figure 4. Histological section rat skin stained with HE (fibroblast is indicated by the arrow) obtained from control rats (A) and the
group treated with pure protein extract (B). Increase of 40 X.

Conclusion

Enzyme activities of the protein extract indicate that pineapple peel is a good source of bromelain. The
analysis of the healing process, from a macroscopic point of view, shows that the protein extract obtained
from pineapple peel plays an important role in the recovery from acute cutaneous lesions in rats, resulting
in a reduction in the width of the lesion and accelerating the healing process, which reinforces its
therapeutic potential.
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