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Abstract

This paper summarizes the current approaches in method of extraction of okra mucilage and application in pharmaceutical drug delivery system.
Okra is a species of Abelmoschus esculentus L. belongs to the family of malvacae. In India, medicinal activity of okra is reported in traditional system
like Unani, siddha and Ayurveda. Pharmacological uses of okra are anti-cancer, anti-diabetic, anti-oxidant, anti-microbial and anti-ulcer activity.
Easily available in tropical and sub-tropical countries, non-toxic, biodegradable and cost effective used as excipient. Okra mucilage’s were extracted
in different method using acetone, ethanol etc. It is a property of highly viscous the may retard the drug in sustained release. This article mainly

scrutinized that okra mucilage approaches in pharmaceutical drug delivery system.
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GRAPHICAL ABSTRACT:

APPLICATION OF OKRA MUCILAGE IN PHARMACEUTICAL FIELD
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1. INTRODUCTION

In recent days, allopathic system focuses on plants, vegetables and natural sources to develop a medicine than synthetic one.
Abelmoschus esculentus L. (Okra) is dicotyledonous self-pollinated crop belongs to the kingdom of plantae and the family of
malvacae. Okra origin is unknown, but in Africa, it has grown as a crop for centuries. In all kind of soil, okra can be grown very fast
and among the most heat and drought tolerant vegetable in world, so it can be cultivated in all kind of regions like tropical, sub-
tropical and shores of the Mediterranean Sea. [1, 2] Okra contains good source of vitamin, minerals, fiber and antioxidant; it plays a
vital role in human health. In India okra is an important medicinal plant and it has been included in traditional medicine system like
siddha, ayurvedha and unani. Okra gives a viscous gum or mucilage that has a many applications in pharmaceutical, nutraceutical,
cosmetology and food science. [3-5]

1.1 Properties

Mucilage means a hydrocolloids from natural sources contains a polymer of monosaccharide or polysaccharide. [6] In fact,
polysaccharide mucilage’s are having high molecular weight and highly hydrophilic in nature; so that it can be easily interact with
water and dispersed uniformly [7]. Okra mucilage (OM) develops gelation in acidic pH and highly soluble in alkaline pH [8]. Natural
acidic polysaccharides of okra mucilage extracted by type | partially methylated or acetylated rhamno-galacturonans attains
maximum viscosity at neutral pH [9 - 11]. The rheological behaviour of okra mucilage is pseudo plastic enhances the stability and
viscosity of products [12].

The polymer properties are improved by “graft copolymerization technique”, In this, “natural polysaccharides are chemically
modified by inclusion of synthetic, non-biodegradable monomers onto their backbone”; so the novel properties of polymer improved
by gains some of the desired properties of the guest monomers used for grafting ending up with novel polymer and properties. [13,
14] It has many advantages like safer, non-irritant, biodegradable, chemically inert, biocompatible, eco-friendly and economical. So
it does not require toxicological studies. [15, 16]

Okra turns browning due to loss of water, thereby reducing the economic value. [17, 18] These rejected okra pods are utilized due to
mucilaginous content high in matured fruit.[19] This seed is a rich in source of protein and oil has been known to have superior
nutritional quality.[20]

1.2 Chemical constituents

The thick and slimy okra mucilage containing of sugars glycosides and acid like glucose, galactose, rhamnose, amino acid and
galacturonic acid respectively, Okra mucilage contain significant level of protein, carbohydrate, vitamin, minerals like zinc etc. [21
- 23]

Figure.1: showing chemical structure of polysaccharides of okra mucilage.

1.3 Phytochemical constituents of Okra mucilage

Tests for tannins, favonoids, saponins, alkaloids and anthraquinones were conducted to confirm the suitability of Okra mucilage as
an excipient devoid of pharmacological activity.[24]

Figure.1l: Chemical structure of polysaccharides of okra mucilage
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2. METHOD OF EXTRACTION OF OKRA MUCILAGE:

Most commonly extraction of okra mucilage from the plant of Abelmoschus esculentus L by
e Conventional method, [25]
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e Ultrasound-assisted extraction method and

e Microwave assisted extraction method (MAE)
These three methods may undergo extraction process shown in Figure.2. The okra mucilage extracted through different process like
soaking, boiling by using fresh or dried okra with or without seeds. Final extraction can be done by using different organic solvents
such as acetone, ethanol, methanol etc.[26, 27, 28] common extraction procedure mentioned in Figure.3.
In MAE, okra mucilage is extracted by adding 5gm of okra powder with 80 ml of ethanol; then refluxed for 1hr at 80° C. In Microwave
at 480 W, refluxed mixture added with 150 ml of 50mM phosphate buffer solution kept in oven for 10 minute. Then the extract is
centrifuged with a-amylase and concentrated by using rotary evaporator. Ethanol was added to precipitate the mixture. Finally the
crude extract of okra mucilage if collected. [29, 30, 31]
In ultrasound assisted method, extraction was carried out at 59 °C, 30 min, and 522 W of an extraction temperature, time, and
ultrasonic power respectively. The fresh okra was freeze dried for 36 h and minced in mechanical disintegrator; then sieved through
40-mess size. Impurities were removed with refluxing solvent and centrifuged to collect the residue. [79]

Figure.2: Different Methods for Extraction of Okra Mucilage
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2.1 TYPE I: By Soaking and Extraction:

2.1.1, STEP 1: Extraction of okra mucilage

Method I: Conventional method of extraction of okra mucilage is done by unripe pods of fresh okra collected from the local market;
then the okra pods cut into small pieces with or without seeds. Minced okra transferred into 1000ml beaker and filled with water,
then soak for 12 — 24 h; afterwards, using muslin cloth the swollen pods were squeezed and get extracted. [32]

Method I1: Nicely cleaned and sliced okra were dried under shade for 12 — 24h, further dried in hot air oven at 40°C for 5—6 h to
obtain constant weight. Dried okra were blended into powder, and then passed through sieve. The okra powder transferred to a
beaker containing water; then soak for 12 — 24 h and then filter through muslin cloth and collect the extract. [33]

2.1.2, STEP 2: Isolation of okra mucilage

Above extraction undergoes centrifugation and treated with ethanol or acetone to under continuous stirring isolate mucilage; okra
mucilage get separating from extraction; then collect the mucilage by filtering through muslin cloth. Dry the collected mucilage
under shadow for 24h; further dried at 35-45°C in hot air oven to get constant weight. Dessicator or amber color bottle used to
preserve the mucilage for prevent from moisture. [34, 35, 36]

2.2 TYPE II: By Soaking, boiling and extraction:
Fresh minced okra pods were soaked in 300ml of distilled water for 5-6 h, and it was heated in a water bath for 30 - 60 minutes. Then

collect the extraction through muslin cloth. Further procedure similar as followed in type I. [37, 38]

Figure.3: Extraction of okra mucilage
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2.3 Advantages okra extraction methods

The conventional approach has the benefit of producing a significant yield of okra mucilage. Furthermore, impurities are sometimes
present in the product, for that required to add high-quantity of organic solvents in the extraction process. [39,40]. In ultrasound-
assisted extraction method is environmental friendly and it requires low quantity of solvent; but it provides higher yield, So this is the
best extraction method than conventional method. Moreover, due to the higher costs, the ultrasound-assisted extraction method is not
suitable for large scale. [41]. In the MAE method also requires low quantity of solvent, economically and environmental friendly;
produce higher yield of extraction with less time. So MAE is better than conventional and ultrasound-assisted extraction methods of
okra mucilage.[42]

2.4 ldentification of Okra Mucilage

Okra mucilage as excipients is identified through ash value test, solubility, pH, swelling index, surface tension, moisture content,
viscosity swelling index, surface tension, bulk density, tapped density, carr’s index, hausner’s ratio, angle of repose, IR and DSC.[43,
44]

The functional properties of okra mucilage and their values were mentioned in table.1.

Table.1: Functional Properties of Okra Mucilage [45, 46]

S.No Functional properties of okra mucilage

1 Bulk density 0.58-0.63g/ml

2 Water absorption capacity 2.5-4.60ml/g

3 Oil absorption capacity 0.02-3.64ml/g

4 Emulsifying capacity 42.22 - 74.45%

5 Foaming capacity 50.51 - 62.50%

6 Total phenolic content 4.66-49.93 mgGAE/g
7 Total flavonoid content 8.18-18.72mg CE/g
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‘ 8 ‘ Chelating agent 1.10 -1.85

3. Application of Okra mucilage:

Okra mucilage has potential effect on pharmaceutical field mentioned in Table 2. which play a vital role in development of formulation
as excipients, emulsifier, binder and anti-oxidant because of the intrinsic properties and developing as a gel when in contact with acidic
pH. [47] In current era okra mucilage applied in drug delivery system, that improves the bioavailability, release the drug at targeted
site, act as mucoadhesive polymer by enhancing tissue penetration, for sustaining the drug release.[48] Okra polysaccharides also used
in development of Okra gum matrix tablet, okra beads, okra based polymeric microspheres, okra nano-composite fibre, okra buccal
patches, okra as a coating agent, in veterinary vaccine delivery and okra mucoadhesive gel.[49] The pharmacological effect of okra
mucilage as a excipient and also application in pharmaceutical field showed in Table.2.

Most of the polysaccharides derived from microorganisms, plants, and animals have anticoagulant [40], anticancer [41], antioxidant
[50], antiviral [51], and anti-diabetic properties [52]. Attempts are being undertaken to improve the biological activity of these
polysaccharides by chain elongation [53]. Polysaccharides, the major species in okra, have powerful antioxidant [54], anti-
hyperglycaemic [55], immunomodulatory [42], and anti-fatigue properties [56]

Table.2: Application of Okra Mucilage in Pharmaceutical Field
Okra mucilage in

S.No Pharmaceutical field Application of okra mucilage
1 Diabetes !t reduces the glucose level by inc_reasi_ng the sz_ansitivity to beta cells
in the pancreas that enhances the insulin secretion.[57]
) Gastric ulcer, Peptic ulcer Okra mucilaqe helps. in peutralize acid secretion in stomach,
' because OM is alkaline in nature [58]
OM has probiotics, so it is gut bacteria friendly. It prevents and
3 InGIT relieves from constipation and also lowers the risk of colon cancer.
[59]
4 In pharmaceutical field oM use(_j as a emulsifier, binder, anti-oxidant, excipient, polymer in
drug delivery system [60]
5 In Food industry Used gs emulsifying agent, stabilizer, confectionery and thickening
agent in sauce [61]
. Skin cleanser, moisturizer, prevent skin pigmentation, reduce acne,
6 In cosmetics

hair conditioner, etc...[62]

Extracted okra mucilage as a binder in tablet formulation shows
7 Binder significant effect on physicochemical property like hardness,
friability disintegration time, etc..[63]

In atenolol floating tablet, the okra mucilage with gas forming agent
like sodium bi carbonate gives effective floating tablet with
extended the drug release and also followed the first order Kinetics
and higuchi’s mechanism. [64]

8 Excipient

The okra mucilage as a polymer in Lamivudine tablets shows better
9 Polymer drug release because that retarded the drug due to increased gel
strength.[65]

Ambroxol hydrochloride microspheres developed by OM shows
10 Microspheres better impact on sustaining the drug release and improved
bioavailability.[66]

Taste masking of bitter drug (Promethazine HCI oral dispersible

11 Oral dispersible tablet .
P tablet) was successfully prepared by okra mucilage.[66]
. Ziprasidone HCI gastro retentive formulation enhanced gelation
Gastro retentive drug . .
12 property and shows excellent buoyancy rate in oral gastro retentive

delivery system

drug delivery sytem.[68]
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Okra mucilage gel is potentially mucoadhesive polymer in nasal

31 Mucoadhesive polymer drug delivery system. [69]

Okra mucilage for drug delivery Okra

Inherent features in okra mucilage as their ability to produce a gel forming, coating agent, and controlled-release matrix, okra mucilage
frequently employed as drug-delivery carrier in various ways. Furthermore, they promote tissue permeability to improve medicine
oral bioavailability and can substitute synthetic polymers for improved mucoadhesive nature. [70]

Okra mucilage matrix tablets

In blood pressure for treat early-morning variations, okra mucilage assisted as a controlled release matrix for propranolol HCI for
colon-targeted medication administration. They investigated the propranolol’s bioavailability in different natural polymers and
compressed as a tablets using direct compression. The findings of this investigation supported the stated theory of sustained release
for longer periods of time. 7

Okra mucilage-based microspheres

Drug rapid absorption and metabolization can be inhibited in the body by developing as polymeric microspheres of oxcarbazepine
using okra mucilage, because that may cause adverse effects such as insomnia, headache, dizziness, vomiting, weakness, and skin
inflammation. The drug has short half-life, necessitating regular dosing to maintain bioavailability in the body. This investigation
proves that, drug-dosing frequency and adverse effects were reduced by developing as okra and alginate microspheres to manage its
release. 72

Okra mucoadhesive gels

Mucoadhesive gels containing Rizatriptan benzoate were developed utilizing okra mucilage. A comprehensive examination of all
variables revealed that okra gel has formulation qualities and allows the medication to enter the goat nasal mucosa. As a result, okra
mucilage can be utilized instead of synthetic polymers and also act as cholesterol-reducing agent. [73]

Okra Mucilage as a binder

Okra mucilage was used as a binder and its binding efficiency in tablet form was investigated in this study. The in-vitro drug-release
investigation demonstrated that okra mucilage performed similarly to starch as a binder. The integrated medication displayed a delayed
and prolonged release profile at increased concentration of mucilage; hence, this system might be employed as a natural pharmaceutical
excipient in dosage forms. [74]

Okra beads

Glibenclamide has short plasma half-life, so repeated drug administration necessary to maintain the therapeutic dose in the systemic
circulation. Drug was incorporated in okra mucilage-alginate beads (made with CaCl2 as crosslinking agent) developed through ionic
gelation to minimise dosing frequency while preserving drug for longer time period. [75]

Okra buccal patches

Verapamil HCI has a low plasma half-life, narrow absorption window in GIT and less bioavailability. So, buccal patches were created
via solvent casting and tested in vitro and ex vivo. The formulations showed significant swelling and ex vivo muco-adhesion strength,
with overall findings indicating that okra mucilage and chitosan acetate had superior physical qualities to the buccal patch and
significant control release from the matrix film. [76]

Okra nano-composite film

The nanoparticle were prepared by inclusion of CMC and okra mucilages at the proper level in the films to improve their tensile
strength and decrease elongation at break. So, CMC inclusion boosted the film's water vapour permeability and solubility. In vitro
tests revealed that the produced nanocomposite films significantly inhibited the development of Gram-positive Staphylococcus aureus
rather than Gram-negative Escherichia coli. The antibacterial activity of films contains okra mucilage has greater effect than that of
pure CMC films. [77]

4, CONCLUSION:

Studies described okra mucilage used as pharmaceutical excipient and which has excellent buoyancy time in gastro retentive
formulations. Consequently the okra mucilage may utilize as an in-situ gel forming agent in antacids. Because okra mucilage has an
anti-ulcer activity, so which can prevent the gastric acidity in stomach. In current era, natural polymers play a vital role almost in all
kind of industries especially in pharmaceutical field. The formulation scientists have achieved a great success in developing the most
adorable drug delivery systems with suitable natural polymers to overcome the patient compliance. This can be useful in several
unsolved problem, minimize side effects; because, being nontoxic in nature, this okra fruit can be easily tried used as polymer in
formulations and also pharmacological activities directly can be tested on human rather than animal models. Okra based anti-diabetic
food, antioxidant rich food formulation; pharmaceutical products can be thus easily be tried avoiding complicated medical trials.
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However further research on okra mucilage should be addresses application of OM in pharmaceutical field and mechanism of action
of the pharmacological activities.
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