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ABSTRACT

Background: Bromelain is a complex of plant-derived proteolytic enzymes found in almost all parts of the Pineapple plant (Ananas comosus

L.Merr.) and is currently used in treating muscle-skeletal disorders.

Objectives: This study aimed to develop natural and modified Bromelain gels for potentially treating muscle-skeletal disorders and assessing
their physical-chemical properties. Natural Bromelain and its chemically altered form, modified with dextran aldehyde, were used as active

ingredients.

Methods: Investigation of physical and chemical properties of gels, identification of gels by Fourier transform infrared (FT-IR) spectroscopy.
Results: The proteolytic activity of the gels for 15 months is stable and remains 85-93% compared to the initial activity.
Conclusions: The spreadability, consistency, pH, thermal, and colloidal stability of the base and gels containing natural and modified Bromelain

were satisfactory.
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INTRODUCTION
uscle-skeletal disorders (MSDs) are one of the
primary reasons people seek medical care
worldwide. They comprise more than 150
diagnoses that affect the locomotory system, as listed in the
International Classification of Diseases.'?

Non-steroidal anti-inflammatory drugs (NSAIDs) are the
medications of choice for musculoskeletal disorder-
associated acute pain management. However, they manifest
several side effects as a significant number of the patients
with MSDs reportedly experienced dizziness, abdominal
pain, indigestion, and gastric ulcers from NSAIDs.?
Therefore, the search for new MSD remedies and the
selection of the best dosage forms for them remains one of
the significant challenges of modern medicine.

Plant enzymes are characterized by a wide range of
therapeutic activity and are used in treating various
diseases, including muscle-skeletal disorders.* One such
enzyme is Bromelain, a proteolytic enzyme complex found
in almost all parts of the Pineapple plant (Ananas comosus
L. Merr.).” It is known the possible application of Bromelain
in treating of cardiovascular diseases, blood coagulation and
fibrinolysis disorders, infectious inflammation-associated
diseases, and many types of cancer.®®

Its wide range of therapeutic activities also includes
strong anti-inflammatory and analgesic effects.® Bromelain
is an effective treatment for MSDs. Bromelain is used as a
benign substitute for NSAIDs, and researchers have
identified significant efficacy of Bromelain in arthritis.'°
Proteolytic enzymes of plant origin sometimes cause allergic

reactions, and their chemical modification is one of the most
efficient ways of reducing such a side effect.’"** The topical
administration of drugs to achieve optimal cutaneous and
percutaneous drug delivery has recently gained importance.

Among the other semisolid dosage forms, gels have
many advantages: they are an elegant, non-greasy
formulation, biodegradable, biocompatible, and easy to
formulate; they provide excellent spreadability and cooling
effect because of solvent evaporation; they have
comparatively fewer long-term stability issues; they can be
used to administer both polar and non-polar drugs.*

One of the most commonly used gelling agents is
Carbopol 940, a non-toxic and non-irritable acrylic polymer
that forms a transparent and bio-adhesive gel. It influences
multiple properties of semisolids, such as pH, viscosity,
spreadability, adhesion, organoleptic properties, and
stability. In controlled-release drug formulations, Carbopol
940 is commonly used.*®

In previous work, we prepared natural and modified
Bromelain gels based on the polyethylene glycol-1500 and
polyethylene glycol-4000 mixtures.'” After six months, the
samples' proteolytic activities were reduced. The work aims
to formulate a more stable natural and modified Bromelain
gel with Carbopol 940 as the base.

METHODS

Study materials

Commercial Bromelain obtained from the stem of the
Pineapple plant (Ananas comosus L. Merr.) was purchased

Georgian Biomedical News ..-f:'-*b:..@
ISSN (Online): 2720-8796 ISSN (Print): 2720-7994 % UL § ""':

Downloaded from gbmn.org. For personal use only. No other uses without permission

:':" vl H -y
Copyright © 2022. All rights reserved @11]:'-_'5‘!


https://orcid.org/0000-0002-4563-5224
https://orcid.org/0000-0001-7729-8042
https://orcid.org/0000-0002-2458-6320
https://doi.org/10.52340/GBMN.2023.01.01.20
https://doi.org/10.52340/GBMN.2023.01.01.59

== GEORGIAN BIOMEDICAL NEWS

from Beijing Wisapple Biotech Co., Ltd; dextran (molar mass
35 -40 kDa), sodium borohydride, potassium periodate, L-
cysteine, KBr and Sephadex G-75 — from Sigma Aldrich;
Casein — from Carl Roth; Carbopol 940, almond oil, nipagin,
tween 80, potassium sorbate, propylene glycol - from
Lubrizol.

Study equipment

Spectrophotometric analysis was conducted in quartz
cuvettes (10 mm) on a Jasco V-730 UV-Vis
spectrophotometer. The spectra were automatically
processed by UV-Probe system software (version 2.14.02).
pH was determined by a pH meter Milwaukee — MW 150
MAX; rheology was studied by a DahoMeter DH-DJ-8S
viscometer; bioavailability was determined on the Vertical
Franz Diffusion apparatus EMFDC-07; a light microscope
ApoTomel 2nd floor inverse CRTD (Zeiss) was used for
microscopy; colloidal stability was studied using a Centrifuge
Metronex, 310. IR spectra were obtained using a Jasco FT/IR-
4600 spectrometer.

Chemical modification of Bromelain

Natural Bromelain was chemically modified using dextran
aldehyde and later purified by gel filtration on Sephadex G-
75, as described in our previous article.’® Protein
concentration in Bromelain was determined by the
Extinction coefficient method.*®

Preparation of the base and gels

The base was prepared by mixing the oil-based phase
(almond oil, nipagin, tween 80) with the aqueous phase
(Carbopol 940 with a concentration of 1.5%, potassium
sorbate, propylene glycol) at room temperature under
stirring until complete dispersion and the formation of a
uniform mass. To develop the gels with natural Bromelain
and modified Bromelain, they were introduced into the oil
phases, and then the oil-based phases with enzymes were
mixed with the aqueous phases.

Physical and chemical properties of the base, natural, and
modified Bromelain gels

The quantitative analysis of the gels was done using the
proteolytic activity determination method.?® Some features
of the prepared gels, such as color and odor, were assessed
organoleptically—the influence of storage time on the
proteolytic activity. The proteolytic activity of the natural
and modified Bromeline gels was studied at +5-7CO during
15-month period.

Rheological Study/ Viscosity

The viscosity of base, natural, and modified Bromelain gels
was studied using a viscometer. Samples were allowed to
settle over 30 min at a temperature of 25 +/10C before the
measurements were taken. Viscosity was reported in cP.
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Spreadability
Spread ability was determined according to Knorst.?

pH measurement
pH was determined by a pH meter Milwaukee — MW 150
MAX.

Thermal stability

The glass test tubes (diameter of 15 mm and a height of 150
mm) were filled with the research objects (base, natural
Bromelain gel, modified Bromelain gel) in the amount of 8-
10 ml and placed in a thermostat (40°C) for one week to
determine the thermal stability of the samples. Then, they
were placed in a refrigerator (10-129C) for another week,
and after that, they were kept at room temperature for
three days and nights.?>?3

Colloidal stability

Test tubes were filled with the samples (base, natural
Bromelain gel, modified Bromelain gel) up to 2/3 of the
volume, weighed with an accuracy of 0.01 g, placed in a
centrifuge, and centrifuged for 5 minutes at 6000 rpm.%*

Identification
Identification of the base, natural, and modified Bromelain
gels was carried out using FT-IR spectroscopy.?

RESULTS AND DISCUSSION

The influence of storage time on the proteolytic activity of
natural Bromelain and modified Bromelain gels is shown
(Tab.1).

TABLE 1. Influence of storage time on the proteolytic activity of natural
Bromelain and modified Bromelain gels

Proteolytic activity (PE/g gel)

Samples Initial  After3  After9  After12  After 15
months months months months

2% natural

Bromelain gel 200.85 195.6 194.0 193.6 187.88

(sample I)

2% natural
Bromelain gel 217.94 191.51 185.8 - °
(sample I1)

4% modified
Bromelain gel 78.64 77.37 68.53 67.8 67.17
(sample 1)

4% modified
Bromelain gel 78.34 81.42 73.1 - -
(sample I1)

It was revealed that the proteolytic activity of the gels for
15 months is stable and remains 85-93% compared to the
initial activity.
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Organoleptic characteristics

All study samples were pleasant to the touch and easily
applicable on the skin, homogeneous, shiny, with a weak
characteristic odor. The base was white, the natural
Bromelain gel was yellowish-white, and the modified
Bromelain gel was slightly yellowish-white in color.

Rheological characteristics/Viscosity

The results show that the systems are characterized by non-
Newtonian flow (Fig.1 and Fig.2). When the rotation speed
increases, the viscosity decreases; when the speed
decreases, it increases. The viscosity of the research objects
varied between 572-15223 cP.

FIGURE 1. Dependence of viscosity (cp) of base (A), natural (B), and
modified (C) Bromelain gels on spindle speed (rpm); (light green: ascending;
dark green: descending)
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Based on the performed rheological studies, it can be
concluded that the research samples represent dispersed
systems with elastic-plastic properties. Flow curves on the
rheogram show that the rheological properties of the
studied gels practically do not differ. The ascending and
descending curves of the hysteresis loop (which overlap
each other) indicate that the studied samples have
thixotropic properties.
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FIGURE 2. Dependence of deformation speed (s-1) of base (A), natural (B),
and modified (C) Bromelain gels on share stress (mpa); (light green:
ascending; dark green: descending)
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Determination of spreadability

As the calculations showed, the base spreadability and
spreadability factor were higher than that of the modified
Bromelain; however, the difference was insignificant (Fig.3
and Fig.4).

FIGURE 3. Determination of spreadability of base, natural, and modified
Bromelain gels
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FIGURE 4. Determination of spreadability factor of base, natural, and
modified Bromelain gels
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Determination of pH

The average pH values of the base, natural, and modified
Bromelain were 5.63, 5.54, and 5.55, respectively. The pH of
all the formulations indicates that they are acceptable to
avoid the risk of irritation upon application to the skin.

The thermal stability tests showed that the base, natural,
and modified Bromelain gels did not separate, and they
maintained the initial color. Therefore, they have high
thermal stability.

After the colloidal stability test, no segregation was
observed visually in the base, natural, and modified
Bromelain gels. So, they were considered to be colloidally
stable.

Identification

Identification of the base, native, and modified Bromelain
gels was carried out using Fourier transform infrared (FT-IR)
spectroscopy (Fig.5).

FIGURE 5. FT-IR spectra (KBr) of the base (A), native Bromelain (B), and
modified Bromelain (C)

A
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The FT-IR spectrum (Fig.5A) of Carbopol 940 (C 940) was
in agreement with the reported data (USP 29, 2006). In the
case of C 940, the FT-IR spectra peaking at 2925.48 cm™
represented OH stretching vibration, i.e., v OH and
intramolecular hydrogen bonding. The prominent band at
17443 cm? was assigned to carbonyl C=0 stretching
vibration, i.e., v C=0. While the peak at v 1454.06 cm™ was
for COO-H, the band at 1287.57 cm™ was due to v C-O-C of
acrylates, the band at 802.242 cm™ was for out-of-plane
bending of C=CH., 6=C-H19,22.

On the spectrum (Fig.5B), the prominent characteristic
peaks of Carbopol 940 were identified as -2925.48 cm?,
1745.26 cm™, 1456.96 cm™, 1285.32 cm™ and 801.278 cm™.
The following peaks of Bromelain were detected: N-H
stretch bands at 3417.24 cm™ and C—H stretches at 2925,48
cm™, which overlaps the v O-H bond of Carbopol. Strong
intensities of C=0 stretch bands (amide 1 area) at 1646.91
cml, C—N stretch bands at 1538.92 cm-1, aliphatic amine at
1250.61 cm?, C-H bending of aromatic residue of
tryptophan or tyrosine at 890.952, at 748 N—-H wagging of
secondary amide and 679.785 C-S stretch of sulfides and
disulfides.

Both Carbopol- 940's (2930.31 cm™, 1745.26 cm?,
1456.96 cm?, 1279.54 cm-1 and 804.17 cm™) and Bromelain
(3404.02 cm, 2930.31cm™, 1646.91 cm?, 1536.99 cm?,
1250.61 cm™, 752.382 cm?, 679.785 cm™) prominent
characteristic peaks were identified (Fig.5C). Regarding
dextran, the peaks at 3504.02 cm™ and 3312.14 cm™ are
attributed to the O-H stretching; the band at 1645.95 cm™
corresponds to water molecule bending. Furthermore, the
peaks at 2930 (these peak overlaps with those of Carbopol
and Bromelain) and 1419 cm™ are assigned to the v (C-H)
and 6 (C—H) vibrational modes the peaks at 1161.9 illustrates
C-O stretching vibrations, and the peaks at 916.022 cm™t and
852.382 cm? demonstrates a-glucopyranose  ring
deformation mode.

FT-IR was used to recognize the occurrence of different
functional groups present in the samples. The method
allowed the identification of the base, native, and modified
Bromelain. Also, due to the detection of dextran peaks,
natural and modified Bromelain can be distinguished from
each other. Therefore, the method can be used for the
standardization of given gels.

CONCLUSIONS

As a result of the present study, formulations for natural and
modified Bromelain gels were developed based on Carbopol
940. The developed base and gels comply with all quality
parameters. The base and gels' spreadability, consistency,
pH, thermal, and colloidal stability were satisfactory.
Proteolytic activity was used for quantitative assessment,
while FT-IR spectroscopy allowed the identification of the
formulated base and gels. The modified Bromelain gel can
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be used as an efficient medication for treating muscle-
skeletal disorders.
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