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ABSTRACT

Ethnomedicine exhibits potential in developing affordable effective
antidiabetic agents. The present study is based on the formulation of
effervescent granules NDDS of Aloe niebuhriana latex extract. Six
formulations were prepared using different acids, salts, diluents and
superdisintegrants by the wet granulation method. The prepared
granules were evaluated for flow property (like angle of repose, bulk
density, tapped density, Hausner’s ratio) pH, Effervescence time, and
organoleptic properties studies. Effervescent granules have occupied a
unique place in the field of pharmaceutics. Widely use in clinical
diagnosis of heart burn, urinary tract infection, acidity. They contain
one or more active pharmaceutical ingredient with or without
excipients. Due to its onset of action will be get fast, so effervescent
granules are mostly used. Effervescent granules are uncoated granules
containing drug, acid substances, carbonates or hydrogen carbonate
which rapidly react with water and liberate co,. Six formulations
containing the extract were prepared (F1-F6), and F6 containing 200
mg of the extract was selected for optimization due to its favorable

odor, taste, foaming, and effervescent properties, high solubility, and absence of turbidity and

adhesion. The formulated F6 granules successfully met the quality parameters assessed

including flow time, pH effervescent time, angle of repose, bulk density, tapped density,
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Carr’s index, and Hausner’s ratio. It was concluded that among the all formulations of A.
niebuhriana extract effervescent granules NDDS the F6 was found to be as an optimized
effervescent granules NDDS according to the formulation F6 exhibited effervescence time
within 60 sec and successfully met the quality parameters, so the F6 was the best formulation
of A. niebuhriana extract effervescent granules NDDS as an advanced phytotherapy approach

for antidiabetic activity.

KEYWORDS: Aloe niebuhriana, Diabetes, Antidiabetic activity, Effervescent Granules

NDDS, Herbal Formulation, Novel drug delivery systems.

INTRODUCTION

Background of Diabetes mellitus (DM)**2

Diabetes mellitus (DM) stands as one of the most prevalent and serious chronic diseases of
the current era, posing life threatening, disabling, and financially burdensome complications,
and diminishing life expectancy. Indeed, diabetes is considered one of the five biggest
morbidities worldwide. In 2021, it was estimated that 537 million people had diabetes, a
figure projected to escalate to 643 million by the year 2030 and 783 million by the year 2045.
Direct health expenditures due to diabetes are already close to one trillion USD and will
exceed this figure by 2030. The International Diabetes Federation (IDF) Middle-East and
North Africa Region has the highest percentage (24.5%) of diabetes-related deaths in people
of working age. Notably, type 2 diabetes accounts for over 90% of all diabetes cases. While
currently available antidiabetic medications are essential for managing glycemic levels, their
use is often associated with significant side effects, including hypoglycemia, fluid retention,
osteoporosis, and heart failure. These adverse effects can restrict their effectiveness in clinical
practice. Consequently, there is an urgent demand for the development of novel antidiabetic
therapies with fewer side effects to address diabetes and its related conditions, such as
hyperglycemia, hyperinsulinemia, and hypertriglyceridemia. Natural products play a pivotal
role in the development of novel medications that have enabled humanity combat several
illnesses. Certain medicinal categories including antidiabetic drugs have greatly benefited
from natural products. Phytomedicines offer not only cost-effective solutions to diseases but
also safety. Traditional herbal medicines and functional foods are believed to ameliorate
diabetic symptoms through multiple mechanisms of action, including enhanced insulin
secretion and sensitivity, increased glucose uptake by muscle cells and adipose tissues,

inhibition of glucose absorption from the intestines, reduced glucose production by
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hepatocytes, and anti-inflammatory properties. As a result, functional foods and
phytotherapies are becoming increasingly more popular across the world day by day.
Nonetheless, there is a pressing need for scientific validation, standardization, and safety
assessment of traditional medicinal plants before their recommendation for treating various
ailments. Herbal medicine formulations, now produced by the modern pharmaceutical
industry, are extensively available in the market for disease management public health
enhancement. The categorization of finished herbal products into specific dosage forms aids
in establishing precise protocols for quality control and stability testing.

Aloe Niebuhrianal*®?2

Aloe niebuhriana, belonging to the family Aloeaceae, is an indigenous species of Arabian
Peninsula. Similar to Aloe vera, a widely recognized Aloe species, A. niebuhriana has a
traditional application for treating multiple ailments such as hypertension, constipation,
gastrointestinal parasites, and skin diseases as well as diabetes. Previous research indicates
that A. niebuhriana contains anthra-glycoside, bitter principles, alkaloid, flavonoid, saponin,
coumarins, aldehydes, phenols, tannins, and phytosterols. Furthermore, A. niebuhriana
exhibits antioxidant and antimicrobial as well as hepatoprotective activities. In Yemen,
medicinal plants are widely utilized for treating diseases in both humans and animals.
However, only a handful of studies, often narrow in scope, have focused on documenting this
indigenous knowledge. Given Yemen’s vast geographical expanse and its diverse society,
culture, and ecology, these studies represent only an initial yet crucial effort toward
understanding and preserving the country’s traditional medicinal practices. Similar to other
rural societies, Yemeni people have historically maintained a deep connection with wild
plants, using them for food, medicine, cosmetics, construction materials, shelter, and
clothing. Yemen boasts a rich diversity of plants used in traditional medicine, including many
indigenous and endemic plants. Investigating the antidiabetic properties of these traditional
plants offers an opportunity to uncover new pharmacological applications and potential

antidiabetic agents.

Novel Drug Delivery Systems!?*-1%!

Oral administration is the most popular route due to ease of ingestion, pain avoidance,
versatility to accommodate various types of drug candidates, and, most importantly, patient
compliance. Also, solid oral delivery systems do not require sterile conditions and are,

therefore, less expensive to manufacture. Several novel technologies NDDS for oral delivery
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have recently become available to address the physicochemical and pharmacokinetic
characteristics of drugs, while improving patient compliance. Electrostatic drug deposition
and coating. The most evident drawback of the commonly used oral dosage forms like tablets
and capsules is difficulty in swallowing, leading to patient incompliance particularly in case

of pediatric and geriatric patients.

Granules Drug Delivery Systems
Granules are a unique type of dosage form which are composed of dried aggregates of
powder solid particles which contain one or more Active Pharmaceutical Ingredients, with or

without other ingredients.

Reasons for Granulation

To prevent segregation of the constituents of powder mix, to improve the flow properties of
the powder mixture, to improve the compaction and compressibility characteristics of the
powder mix, the granulation of toxic materials will reduce the hazard of the generation of
toxic dust, which may arise during the handling of the powders, materials, which are slightly

hygroscope, may adhere and form a cake if stored as a powder.

Effervescent Granules Novel Drug Delivery Systems

Effervescent Systems: This system NDDS uses carbonates (e.g. sodium bicarbonate) to
generate in situ carbon dioxide (CO2). Organic acids (e.g. citric and tartaric acids) are added
to speed up the reaction, thus reducing the density of dosage form and remaining buoyant in

the stomach.

Effervescence

Effervescence is the release of CO2 gas in response to bicarbonates and acids in the presence
of water. Sodium bicarbonate, potassium bicarbonate, sodium carbonate, and potassium are
the bicarbonates used in the effervescent reaction. Other frequent acids employed in this
reaction are citric, malic, tartaric, adipic, and fumaric acid. The acid-base reaction between
citric acid and sodium bicarbonate is the most often occurring medication reaction in

pharmaceutical application NDDS.

Effervescence is Latin word it means escape of gas escaping from an aqueous or water
solution. Effervescent granules have short half-life as react rapidly with polar solvent or
water. There is a liberation of carbon dioxide gas due to chemical reaction between acid and
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base. Effervescent granules are a suitable dose form with excellent solubility, stability, and
quick dissolving properties. These granules should be dissolved in a glass of water just before
administration, and the resulting mixture or dispersion should be consumed right away as a
result of the interaction between acid and base in the presence of water, the granules are

rapidly distributed by the development of carbon dioxide in water.

Effervescent Granules NDDS are having high solubility, high stability, fast dissolving
property and are also convenient dosage forms. They are coarse to very coarse powder
containing of medicinal agent in a dry mixture usually composed of three primary parts;
Active component, Acidic source (citric acid and tartaric acid) and alkaline substances
(mainly carbonates/ bicarbonates) Granules can be packed as: Bulk granules or divided

granules.

Advantages of Effervescent Granules NDDS
Rapid onset of action, pleasant taste, psychological effect, patient comfort to it, provide
alkaline solution, neutralization of an acidic drugs as aspirin (alkalinization of urine and

increase excretion of drug which is acidic).

Disadvantages of Effervescent Granules NDDS
Unstable (absorb the water moisture from the atmosphere), not accurate dose estimation
because the one who estimate the dose is the patient himself, sodium overload (these granules

are not suitable for hypertensive patients) and have many drug-drug interactions.

Benefits of Effervescent Granules NDDS

They include ease of administration, portability, a quicker start of action, gentler digestion, a
superior taste, and greater stability compared to liquid dose forms, possibility for formulator
to enhance flavor, a kinder effect on the stomach of the patient and marketing elements,
higher bioavailability compared to alternative dosage forms, improved patient compliance,
rapid onset of action, pleasant taste, reduced gastrointestinal irritation, prevent first-pass
metabolism, granules have improved wetting, stability, flowability, and uniformity in particle
size. The bioavailability of low absorbed drugs can be increased by effervescent granules
preparation. Due to the high content of carbonate salt, upon the ingestion of drug solution, the

gastric pH is temporarily elevated, resulting in first gastric emptying.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 1151



Alburyhi et al. World Journal of Pharmaceutical Research

Effervescent Granules NDDS

Effervescent granules an effervescent dosage form, frequently tablets or granules, contains
ingredients that, when in contact with water, rapidly release carbon dioxide, the dosage form
NDDS is dissolved or dispersed in water to initiate the effervescence prior to ingestion.
Effervescent salts are granules or coarse to very coarse powders containing a medicinal agent
in a dry mixture usually composed of sodium bicarbonate, citric acid, and tartaric acid. When
added to water, the acids and the base react to liberate carbon dioxide, resulting in
effervescence. The resulting carbonated solution masks the undesirable taste of any medicinal
agent. Effervescent granules are to be mixed in a glass of water and this solution or

dispersion should be immediately drunk.

Uses of Effervescent Granules NDDS

It is easy to take the doses. The components, acid and carbonate, act as a pH-optimal buffer
for the stomach. It offers both the extra liquid intake and the targeted medical benefit.
Drinking effervescent tablet water with diarrhea and during hot summers helps increase daily
fluid consumption. Benefits for patients with difficulty swallowing: Effervescent pills offer a
substitute for these individuals. Easy handling and precise dosage measurement: Patients can
receive precise dosages as effervescent dissolve fast. In effervescent granules a carbonate salt
is neutralized by acid. Finally, a gas called carbon dioxide is released. Water has a key role in
starting the reaction. Acid or carbonate cannot dissociate and the reaction cannot start if there
is no water in the media. A greater amount of water is produced once the reaction starts.
Effervescent granules need to be manufactured in the best possible conditions and packaged
with care. As a result, stability is established. Anhydrous raw materials are used in the

manufacture.

NDDS this in turn promotes drug adsorption from the upper small intestine, which is primary
site of drug absorption. Effervescent granules are responsible for higher bioavailability and
fast disintegration rates. Within a couple of minutes, the granules are completely dissolved
and the drug become available in solution. The ideal disintegration time for effervescent
granules is 6 to 9 sec. While disintegration time for uncoated tablet, coated tablet, film coated

tablet and enteric coated tablet is 15min, 60min, 30min and 60min respectively.

NDDS are the removal of carbon dioxide gas from a fluid as a result of a chemical reaction is
known as effervescence. When the preparation comes into touch with the water, which acts as

a catalytic agent, this effect begins. The effervescent reaction yields carbon dioxide, which

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 1152



Alburyhi et al. World Journal of Pharmaceutical Research

enhances the absorption of active substances by allowing them to penetrate the paracellular
route. Since the effervescent formulation avoids direct contact with the gastrointestinal tract,

these dosage forms are beneficial for patients in this category.

Effervescent Active Ingredients

Citric Acid: Citric acid monohydrate's three carboxylate groups have varying pKa values:
3.15, 4.78, and 6.40 It serves as a pH regulator as well the most common type of citric acid
available for purchase on the commercial market is monohydrate form. It is made by slowly
evaporating cold, saturated liquids and crystallizing them. Saturated solutions of hot citric
acid are used to create citric acid anhydrous. Citric acid and sodium bicarbonate-based
effervescent formulations can produce a pleasing mouth feel experience on the tongue and in
the mouth. It has been demonstrated that in effervescent formulations with citric acid, the
disagreeable taste of functionalized calcium carbonate and calcium phosphate was covered
up. Pharmaceutical formulations intended for oral administration frequently incorporate
effervescence. The gas released when an acid and base react with water is referred to as
"effervesce.” Usually, sodium bicarbonate or sodium carbonate serves as the base and citric
acid as the acid Carbonated liquid drinks can be made by mixing effervescent tablets or
powders with water or another liquid, such saliva, to release carbon dioxide. Pharmaceuticals
are administered with effervescence, which helps disperse active substances and facilitates
rapid disintegration. This is especially useful for patients who have trouble swallowing
tablets or capsules. Citric acid and bicarbonates react effervescingly, releasing CO2. This
reaction is also utilized in the production of stomach floating tablets. The gel polymers of the
tablet capture the CO2 gas created during the effervescent process, which causes buoyancy.
Compared to ordinary tablets, the buoyant tablets float in the stomach's gastric fluid for a
longer amount of time, allowing the medication to be absorbed by the stomach over longer

periods of time and boosting its bioavailability.

Sodium Bicarbonate: Because of its strong reactivity, affordability, and high solubility,
sodium bicarbonate is one of the most widely utilized carbonates. Therefore, water-soluble
lubricants (such PEG 4000, 6000, and sodium benzoate), flavorings, sweeteners, and water-
soluble colors are added as excipients. Compared to bicarbonate, sodium carbonate has a
lower CO2 proportion. The CO2 content of bicarbonate is higher than that of soda ash. It is
less steady and has a faster reaction time. The majority of goods employ a 50/50 ratio of

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 1153



Alburyhi et al. World Journal of Pharmaceutical Research

carbonate to bicarbonate. This form's response time and stability are adequate. Magnesium

and potassium carbonate are also utilized in effervescent goods.

Tartaric Acid: White, crystalline, acidic powder known as tartaric acid. Pharmaceutical
manufacture makes extensive use of tartaric acid and its derivatives. For instance, citrate and
tartaric acid together can enhance the flavor of oral drugs. Tartaric acid has also been utilized
to create effervescent salts.

Effervescent Systems for Delivering Herbal Active Ingredients

Effervescent systems NDDS provide a user-friendly and effective platform for delivering
herbal actives. Nonetheless, several formulation hurdles persist. Herbal extracts often exhibit
chemical instability, moisture sensitivity, and potential incompatibility with formulation
excipients. While sweeteners and flavoring agents are commonly used to improve
palatability, achieving complete taste masking without affecting the formulation's
performance requires strategic excipient selection. Additionally, optimizing tablet attributes
such as hardness, friability, and disintegration time, while maintaining antioxidant efficacy,
involves a thorough understanding of how herbal constituents interact with gas-releasing
agents and other excipients. Although interest in herbal effervescent formulations NDDS are
expanding, there remains a lack of comprehensive literature summarizing key formulation
parameters, associated challenges, and best practices for optimization. A deeper exploration
of how various formulation components including acids, bases, binders, and sweeteners
impact the overall quality, performance, and therapeutic potential of these dosage forms is

crucial for future advancements.

Effervescent formulations NDDS and their benefits in herbal products Effervescent
formulations are designed to undergo a chemical reaction upon dissolution in water, resulting
in the release of carbon dioxide (CO,). This effervescence facilitates rapid disintegration and
can significantly enhance the solubility and subsequent bioavailability of the active
constituents. These formulations are available in multiple delivery formats, offering
versatility in drug design and patient use. The most widely used form is the effervescent
tablet, which is formed through the compression of a formulation containing active
ingredients and an acid. (such as citric or tartaric acid) and a base (commonly sodium
bicarbonate or carbonate). Upon contact with water, the acid-base reaction generates CO,,
promoting immediate tablet breakdown and active ingredient dispersion. Effervescent

granules function similarly but are provided in coarse or fine particle forms and are typically
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packaged in moisture-resistant sachets, offering improved storage stability and convenience.
Effervescent powders, characterized by smaller particle size, allow for even faster dissolution
and are commonly applied in the context of herbal supplements. Less commonly,
effervescent capsules have reactive powders that require removal from the capsule prior to
dissolution; this form is particularly useful for sensitive actives that degrade in compressed
forms. Additionally, effervescent liquids, where active ingredients are pre-dissolved in a
solution that fizzes upon dilution, are used in specialized pharmaceutical applications. The
diversity of these formats enables tailored formulation strategies that account for both
pharmacokinetic and pharmacodynamic considerations. The increased adoption of
effervescent dosage forms can be attributed in part to their streamlined manufacturing
processes. Whether produced as powders, granules, or tablets, these formulations can be
manufactured using conventional techniques such as direct compression, wet granulation, or
dry granulation. Unlike traditional tablets or emulsified suspensions, effervescent products do
not require advanced equipment for film coating, dispersion stabilization, or emulsification,
reducing production complexity and cost. A key benefit of effervescent systems lies in their
capacity to improve the bioavailability of poorly soluble herbal compounds.

The CO,-driven reaction leads to the creation of a uniform aqueous solution, promoting
enhanced dissolution and gastrointestinal absorption. This is especially advantageous for
hydrophobic phytochemicals, such as flavonoids and polyphenols, which typically

demonstrate limited oral bioavailability when administered in solid dosage forms.

Effervescent formulations NDDS are also especially advantageous for populations with
swallowing difficulties, including pediatric, geriatric, or dysphagic patients. The liquid form
of administration enhances ease of use and can be customized with flavoring agents and
natural sweeteners to mask the often bitter or astringent taste of botanical ingredients, thereby
improving palatability and patient adherence.

Pharmacokinetic of Effervescent Drug Delivery Systems

Pharmacokinetic advantages Effervescent NDDS provide several pharmacokinetic benefits
over traditional oral solid dosage forms. One major advantage is the pre-dissolved state of the
drug, which bypasses disintegration and promotes rapid absorption. The effervescent reaction
between acid and base, such as citric/tartaric acid and sodium bicarbonate, produces CO, that
aids in rapid dispersion and solution clarity. This reaction enhances drug availability and

contributes to quicker onset of therapeutic effects, particularly beneficial for drugs requiring
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rapid action. For poorly water-soluble drugs, wet granulation with hydrophilic binders like
PVP facilitates better water penetration and enhances dissolution. Moreover, combining
effervescence with gastric-floating mechanisms can improve drug residence time in the
stomach, which is particularly useful for drugs with localized gastric absorption. Palatability
is another key advantage of effervescent formulations. The fresh taste and ease of

administration encourage patient adherence, especially for pediatric and geriatric populations.

Critical Effervescent Characterizations

Effervescence of NDDS are include onset time and duration of effervescence, which
influence user experience and dosing reliability. Controlled CO, release ensures consistent
dissolution without excessive foaming or gas loss. pH stability and buffering Maintaining an
appropriate pH is essential for both API stability and bioavailability. The buffering capacity
provided by components like citric acid and sodium bicarbonate ensures the pH remains
within an acceptable range for absorption and drug integrity. Wettability and dispersion
Efficient wetting and uniform dispersion prevent floating or sedimentation, especially in
formulations containing poorly soluble APIs. These attributes are vital for dose uniformity
and user acceptability. Carbonation and sensory properties Carbonation affects mouth feel
and taste. While it can enhance palatability and mask bitterness, excessive foaming may lead
to discomfort or dosage inconsistencies. A well-calibrated CO, level supports both
compliance and therapeutic effectiveness. Stability and moisture sensitivity Effervescent
formulations are highly prone to moisture. Packaging must protect against humidity induced
premature reactions. Desiccants foil blisters, and airtight containers are typically employed.
Additionally, chemical stability post-dissolution must be ensured. Gas pressure management
Managing gas pressure both inside packaging and during dissolution is critical. Excess
internal pressure can compromise product integrity, while rapid CO, buildup during
administration may cause gastrointestinal discomfort. In future perspectives Effervescent
formulations provide a promising platform for delivering herbal medicines, offering

advantages in taste masking, absorption, and patient compliance.

Pharmaceutical Scientists are considering natural sources and medicinal herbs in the
pharmaceutical industry an important part of drug development because natural sources of
drugs have properties that are greater than industrial sources of drugs in NDDS. And the
pharmaceutical industry strategies depend on the development of different pharmaceutical

dosage forms and recent novel drug delivery systems. Using medicinal herbs and natural
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sources as important goals of drug development. It is part of the art of innovation in drug
development with different of novel drug delivery systems and pharmaceutical care for
patients and society, it's the basic of development of the new pharmaceutical industry by
developing different novel drug delivery systems from different sources.>*!

In the present study the A. niebuhriana extract develop into an effervescent granules NDDS
was prepared and evaluated as an advanced phytotherapy approach for antidiabetic activity.

MATERIALS AND METHODS

Materials

The extract of Aloe niebuhriana was prepared and gift from (Prof. Dr. Bushra Abdulkarim
Moharram, Professor Dr. of Pharmacognosy, Department of Pharmacognosy, Faculty of
Pharmacy, Sana'a University, Sana'a, Yemen). Excipients including anhydrous citric acid,
tartaric acids, stearic acid, sodium bicarbonate, sucralose, sodium saccharin,
polyvinylpyrrolidone (PVP K-30), peppermint powder (menthol), simethicone,
monopropylene glycol (MPG), Aerosil® 200, tween 20, sodium lauryl sulfate, and starch
were generously provided by the Modern Pharma Company and Global Pharmaceutical

Industries in Sana’a, Yemen. All other used reagents in this work were of analytical grade.

Equipment’s

For formulation purposes, the following equipment was employed: a UV/VIS
spectrophotometer (Cary 50 conc, Varian, USA), an FT-IR spectrometer (Scimitar 2000 FT-
IR, Varian, USA), a PH meter (Metrohm 913, Swiss), a forced convection oven (model LDO-
150F, Korea), a SCT SIONIC-6 sonicator bath (ScichemTech, USA), a hotplate stirrer (LMS-
1003, Korea), a balance (Metler), and a Stuart SMP3 melting point apparatus (Barloworld
Scientific Ltd., UK).

Antidiabetics Activity
a-Amylase Inhibition (In Vitro Study)
The inhibition assay was conducted following the methodology outlined in a previous

[21]

study.

www.wipr.net | Vol 14, Issue 18,2025. | 1SO 9001:2015 Certified Journal | 1157



Alburyhi et al. World Journal of Pharmaceutical Research

Formulation and Evaluation of Effervescent Granules NDDSP%1%]

Formulation of Effervescent Granules

The effervescent granules of A. niebuhriana latex extract were prepared using the wet
granulation method, Table 1 details the composition and quantities of each ingredient
employed. Following the principles of geometrical dilution, all components were thoroughly
mixed to ensure uniform dispersion of the extract. the resulting powder was then sieved
through mesh no. 25. After that, a suitable amount of granulating agent (ethanol 99.9%) was
added to form a moist mass. Tis moist mass was passed through sieve no. 16 to obtain
granules. The granules formed were dried overnight in a hot air oven at 40°C and sealed in an

airtight container.

Evaluation of Formulated Effervescent Granules

Evaluation of the Organoleptic and Physical Properties. The six effervescent formulations
underwent assessment for their organoleptic properties, encompassing attributes such as
shape, color, aroma, and taste. In addition, the physical properties of the granules, including

foaming, adhesion, effervescence, turbidity, floating and solubility.

Table 1: The Composition of Aloe Niebuhriana Extract Effervescent Granules NDDS

Formulations.

Ingredients (mg) F1 F2 F3 F4 F5 F6
Aloe Niebuhriana Extract | 400 | 400 200 | 200 | 200 | 200
Sodium Bicarbonate 960 | 1750 | 1750 | 866.7 | 883.3 | 833.3
Citric Acid 430 | 833.3 | 766.7 | 366.7 | 333.3 | 383.3
Tartaric Acid 870 | 1666.7 | 1500 | 746.7 | 703.3 | 695
Sucralose 20 100 100 50 50 50
Sodium Lauryl Sulfate 6
Starch 300
Peppermint 14 | 233 | 23.3 10 16.7 | 16.7
Tween 20 60 166.7 | --- 30 30
Saccharin Sodium --- | 166.7 | 166.7 | 80 83.3 | 83.7
Ascorbic Acid 26.7
Aerosil 100 80 50 83.3
Simethicone 50 50 50
Stearic Acid 50
Monopropylene Glycol 50 50
PVP K-30 50 25

Flowability Study
The flowability test was conducted only on the formulation that exhibited satisfactory results

in the organoleptic and physical tests. Employing the funnel method, the flow rate and angle
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of repose were measured. A funnel was positioned on either a ring support stand or a lambed
stand, adhering to pharmacopeial standards for height. Approximately, 10 g of the granule
sample was placed in the funnel with the bottom hole closed. Subsequently, the lower lid of
the funnel is opened to allow the granules to descend onto a level surface, forming a conical
pile. The flow time duration from the initiation of granule flow until cessation was recorded
using a stopwatch. The flow rate of the sample and the angle of repose of the sample were
calculated as follows:
Flow rate = Weight (grams) /Time (seconds).

The angle of repose was calculated using the following formula:
Tanf=h/r’ where 0 represents the angle of repose, h represents the height of the formed pile

cone, and r represents the radius of the base of the cone.

Bulk Density (BD) and Tapped Density (TD)

Two types of density, namely, BD and TD, were determined. A measured quantity of
granules was placed into a measuring cylinder, and the initial volume was recorded to
determine the BD. Subsequently, the measuring cylinder was subjected to tapping at a rate of
100 taps per minute until maximum packing was achieved. The powder level in the
measuring cylinder was checked after every 10 taps until no further reduction in volume

occurred.

BD and TD were then calculated using the following formulas: BD = Granules weight
/Packing volume,

TD = Granules weight /Tapped volume of packing. To assess the flow properties and
compressibility of the effervescent granules derived from A. niebuhriana extract, Carr’s
Index (CI) and Hausner Ratio (HR) were determined.

These were calculated using the equations:

CI=(TD - BD /TD) x 100,

HR =TD /BD.

Effervescence Time
The effervescent time for the granules was determined by introducing a single dose (2.5 g) of
the A. niebuhriana extract effervescent granules into a glass containing 200 mL of water, and

the duration time until effervescent cessation was recorded.
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pH Test
For the pH test, the effervescent solution was prepared by dissolving 2.5 g of the granules in
100 mL of water, followed by pH measurement using a pH meter. A pH reading within the

range of 6 to 7 is considered optimal for the effervescent solution, indicating neutrality.

Packing of the Finished Product
The optimized effervescent granules formulation was prepared and packed.

RESULTS AND DISCUSSION

In this study, the extract was formulated into effervescent granules. Six formulations were
prepared using the wet granulation method, each containing a combination of various
ingredients listed in Table 1. The ingredients across the six formulations were included
different amounts of the extract, citric acid, tartaric acids, stearic acid, sodium bicarbonate,
sucralose, sodium saccharin, PVP K-30, peppermint powder (menthol), simethicone, MPG,
aerosil® 200, tween 20, sodium lauryl sulfate, and starch. As shown in Table 2, the
organoleptic and other physical properties of the six prepared formulations. The properties
evaluated included foaming, adhesion, effervescence, turbidity, floating and solubility. Based

on these properties.

Table 2: The Organoleptic and Physical Properties of the Six Aloe Niebuhriana Extract

Effervescent Granules NDDS Formulations.

Tests F1 F2 F3 F4 F5 F6
Color Yellow | Yellow | Yellow | Yellow | Yellow | Yellow
Odor Moderate | Moderate | Good Good Good | Good
Taste bad Good Good Good Good | Good
Foaming High High High Moderate | Good | Good
Adhesion + + _ + + _
Effervescence | Good High Good Good Good | Good
Turbidity High Clear Clear Clear Clear | Clear
Solubility Poor Poor Moderate | Moderate | High High

Formulation (F6) was selected for further optimization due to favorable qualities such as
odor, taste, foaming, high solubility properties with no formation of apparent turbidity or
adhesion. Figure 1 displays the formulated effervescent granule (F6). This chosen
formulation (F6) contained the following components: extract (200 mg), Na bicarbonate
(833.3 mg), citric acid (383.3 mg), tartaric acid (695.0 mg), sucralose (50 mg), peppermint
(16.7 mg), tween 20 (30.0 mg), Na saccharin (83.3 mg), aerosil (50.0 mg), simethicone (0.3
g), MPG (0.3 g), and PVP K30 (0.15 g). 3.4. Evaluation of the A. niebuhriana Effervescent
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Granules. Table 3 summarizes the evaluation of F6 for its pH, effervescent time, flow time,

angle of repose, BD, TD, Carr’s index, and Hausner’s ratio. The granules were observed to be

yellow in color, with a pleasant peppermint odor and taste.

Fig. 1: An Image of the Formulated Effervescent Granules from A. niebuhirana

Extract.

The results of the evaluation revealed the following parameters for the formulated
effervescent granules: pH of 5.28, angle of repose of 24.4°, BD of 0.62 g/mL, TD of 0.72 g/

mL, Carr’s index of 14.29, Hausner ratio of 1.17, and effervescent time of 60 sec.

Table 3: Physical Characteristics of Formulation (F6) Effervescent Granules NDDS.

DISCUSSION

Physical characteristic Results
Flow time (g/sec) 10
Angle of repose 24.4
Bulk density(g/mL) 0.62
Tapped density(g/mL) 0.72
Carr's index 14.29
Hausner ratio 1.17
pH 5.28
Effervescent Time (sec) 60
Color Yellow
Odor Peppermint
Taste Peppermint

Herbal Formulations Development!%®*37]
Per the World Health Organization (WHO), over 60% of the global populations continue to

depend on herbal medicine to address both short-term and chronic ailments. Owing to

extensive usage, numerous pharmaceutical companies have ventured into producing diverse

herbal formulations. The growing acceptance of herbal formulations is attributed to their
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affordability, efficacy, and lower toxicity profile. Ensuring the effectiveness, therapeutic
efficacy, quality, and adherence to product standards are important considerations for any
herbal formulation. In the present study, A. niebuhriana latex extract was formulated and
optimized as effervescent granules. Effervescent granules NDDS, comprising a mix of acids
and bases, exhibit a unique property: when dissolved in water, they generate foam and mimic
the taste of soft drinks. Effervescence is known to enhance the dissolution and aids in
masking the unpleasant taste and offer a refreshing experience when consumed. In our study,
six effervescent formulations were prepared containing 200 or 400 mg of the plant extract,
since these two doses were shown effective to manage diabetic symptoms in rats. The goal
was to produce effervescent granules utilizing a combination of citric acid and tartaric acid as
acid-forming effervescent salts. This combination yielded granules of superior quality,
characterized by a neither nonstick and nonbrittle texture. For the base-forming effervescent
salt component, we employed sodium bicarbonate, which proved to generate a substantial
amount of carbon dioxide (CO2) during the effervescent reaction. These measures have
proved effective in heightened user preference. Tween 20 and SLS served as dispersing and
wetting agents in our formulation. Notably, Tween 20 exhibited lower foaming tendencies
compared to SLS. Sucralose and sodium saccharin were used as sweeteners, while
peppermint powder, Aerosil 200, simethicone, povidone, and MPG were added to enhance
favor, improve powder fow, mitigate foam formation, act as a binder, and assist in wetting,
respectively. To ensure uniformity and homogeneity of the powder mixture, the blend of
extract powder and excipients underwent sieving using a mesh size of 25 to break up powder
clumps. Absolute ethanol (99.9%) served as a granulating agent due to its nonactivation of
the effervescent reaction and its easy removal from the wet granules at low temperatures.
After that, the dried granules were sieved through a mesh size of 16 to yield identical
granules characterized by flow well properties and minimal weight variation when filled. The
flow time of 100 g of granules < 10 s, as observed in our investigation, indicates a favorable
flow rate as demonstrated by the flow rat test. Moreover, an angle of repose falling within the
range of 20°-30° indicates favorable flow properties, while angles of repose exceeding 40°
suggest poor flow properties. In this study, the formulated extract granules had an angle of
repose 24.4°, indicating good flow properties. Furthermore, a Hausner ratio serves as another
indicator of flow properties, with values below 1.25 indicative of good flow and values above
1.6 suggesting poor flow. Our prepared formulation had a Hausner ratio of 1.17, confirming
the granules favorable flow properties. Adjusting the pH of the effervescent solution is

crucial to minimize gastrointestinal irritation. Overly acidic effervescent solutions can
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potentially irritate the stomach. Conversely, alkaline solution may impart a bitter taste. The
pH value of the selected formulation (F6) was 5.28, which falls within the desirable range

close to neutral.

Effervescence time, on the other hand, refers to duration it takes the granules to fully dissolve
into solution and produce gas. In the current study, the value of effervescence time of the
selected formulation (F6) was 60 s, which falls within the acceptable range according to USP.
The granules of F6 exhibited a distinctive yellow color and emitted a characteristic mint odor
and taste. To preserve the quality of these granules, they were packaged into special sachets
comprising four layers: polyvinyl, aluminum, paper, and polyvinyl. These sachets offer
impermeability to moisture and possess weak heat conduction properties, thereby
safeguarding the integrity of the product. The study demonstrates strengths in its
comprehensive approach, assessing both in vitro and in vivo antidiabetic effects of A.
niebuhriana latex and innovatively developing an effervescent granule NDDS formulation to

improve practicality and user compliance.

CONCLUSION

The study demonstrates that the successful formulation of A. niebuhriana latex extract
formulations as effervescent granules NDDS via the wet granulation method highlights the
potential for its pharmaceutical application. effervescent granules are a common dosage form
that have various advantages. They have a quicker beginning of action and improved
bioavailability since they dissolve easily in water and are absorbed by the body. They taste
better and are more convenient for people who have trouble swallowing, which improves
patient compliance. The six formulations effervescent granules NDDS were prepared by the
wet granulation technique that contains A. niebuhriana extract, citric acid, tartaric acids,
stearic acid, sodium bicarbonate, sucralose, sodium saccharin, PVP K-30, peppermint powder
(menthol), simethicone, MPG, aerosil 200, tween 20, sodium lauryl sulfate, and starch. It was
concluded that among the all formulations of A. niebuhriana extract effervescent granules
NDDS the F6 was found to be as an optimized effervescent granules NDDS according to the
formulation F6 exhibited effervescence time at 60 sec and successfully met the quality
parameters, so the F6 was the best formulation of A. niebuhriana extract effervescent

granules NDDS as an advanced phytotherapy approach for antidiabetic activity.
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