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Revised on: 03-02-2026 pharmacological benefits. It contains various bioactive constituents such as flavonoids,
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) dosing, and reduced bioavailability of certain phytoconstituents. To overcome these
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limitations, the present study was undertaken to develop and evaluate an oral Moringa

Bioavailability, . o . . . . . .
Physicochemical suspension with improved stability, uniformity, and patient compliance. The suspension was
Evaluation. formulated using suitable suspending agents such as xanthan gum and veegum to ensure
proper dispersion of the Moringa extract. Additional excipients including preservatives,
*Corresponding Author sweeteners, and flavoring agents were incorporated to enhance stability and acceptability.
Dr. K.Vinod Kumar The formulated suspension was evaluated for various physicochemical parameters including

organoleptic properties, pH, viscosity, sedimentation volume, redispersibility, particle size
distribution, and in vitro stability studies. The results indicated that the prepared suspension
exhibited satisfactory physical stability, good sedimentation characteristics with easy
redispersibility, acceptable viscosity, and uniform drug content. Stability studies confirmed
that the formulation remained stable under recommended storage conditions without
significant changes in physical appearance or pH. The developed Moringa suspension
demonstrated desirable pharmaceutical characteristics and improved patient compliance,
making it a promising herbal oral dosage form for therapeutic use. This formulation approach
may enhance the effectiveness and accessibility of Moringa-based herbal preparations in
clinical practice.
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INTRODUCTION e Easier administration compared to tablets and
A suspension is a heterogeneous, biphasic system capsules.

consisting of finely divided insoluble solid particles e  Greater chemical stability than solutions for
dispersed in a liquid medium, usually aqueous. The solid hydrolysis-prone drugs. Increased surface area may
particles form the dispersed phase, while the liquid acts as enhance dissolution and absorption.

the continuous phase. Suspensions may be flocculated or Desirable Properties

deflocculated depending on particle interactions [1]. Oral An ideal suspension should:

Suspension An oral suspension contains one or more o  Exhibit slow sedimentation.

active pharmaceutical ingredients dispersed in a suitable e  Prevent hard cake formation.

vehicle. Although particles may settle during storage, they e  Be easily redispersible.

should be easily redispersed by shaking. Oral suspensions e Have acceptable viscosity and pourability.

are especially useful for drugs that are poorly soluble in e Contain suitable preservatives for stability.
water [2]. Key Formulation Challenges

Advantages of Oral Suspensions [3-4] e Proper wetting of solid particles.

*  Suitable for pediatric and geriatric patients. e  Control of sedimentation and redispersibility.
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e Prevention of particle aggregation and caking.
Selection of appropriate suspending agents, wetting
agents, and stabilizers is critical to overcome these issues.
Evaluation Parameters [5].

e Sedimentation volume

e  Rheological behavior

e  Particle size analysis

e  Stability studies
Taste Masking Techniques (Important Methods)

Taste masking is essential in oral formulations, especially
for bitter drugs.

1. Flavoring Agents

Use of sweeteners and flavors to improve palatability.

2. Polymer Coating

Coating drug particles to prevent contact with taste buds.
3. Ion-Exchange Resins

Formation of drug-resin complexes (resinates) that are
tasteless in the mouth but release the drug in the stomach.
4. Inclusion Complexation

Use of cyclodextrins to reduce drug solubility in saliva and
mask bitterness.

5. Wax Embedding

Embedding drug in wax matrices to minimize direct
exposure to taste receptors [6].

METHODOLOGY [7-8]
Procedure
The Erweka dissolution test apparatus (Model DT 6R,
Germany) was used to determine the drug release profile
of the aqueous Moringa oleifera root extract suspension.
The procedure used by Azam and Haider, (2008) was
adopted with some modifications. The dissolution medium
used was 0.1 N NaOH. Dissolution medium (900 mL) was
poured into a glass jar which was suspended in a water
bath thermostatically maintained at $37 \pm 0.5$ °C. The
paddle was set to rotate at 50 rpm and 25 mm away from
the base of the glass jar. About 10 mL of the reconstituted
suspension was introduced carefully into the bottom of
the apparatus. Five (5) mL samples were withdrawn at
specified time interval of 5, 15, 30, 45, and 60 minutes
respectively and spectrophotometrically analyzed for
aqueous Moringa oleifera root extract at 230 nm. After
each withdrawal, same volume of the dissolution medium
was replaced.
pH: pH is defined as the negative logarithm of hydrogen
ion concentration.
Mathematically it is written as:
pH =log 1/[H20]

Since the logarithm of 1 is zero,
the equation may also be written as:

pH = -log(H30+)
Determination of pH®®
pH of suspension was determined by using pH meter. pH
of the phases of suspension also contributes to stability
and characteristic of formulations. pH of the suspension
was recorded from time to time.

Viscosity
Viscosity of suspension is a great importance for stability
and palatability of suspensions. Suspensions have least
physical stability amongst all dosage forms due to
sedimentation and cake formation.”®
Sedimentation is governed by Stokes's Law:
V=d2(Ps-pl)g/18n
V - terminal settling velocity
d -diameter of the settling particle
$\rho_s$ - density of the settling solid (dispersed
phase)
$\rho_ I$ - density of the liquid (dispersion
medium)
g - Acceleration due to gravity
n - viscosity of dispersion medium
when the viscosity of dispersion medium increases the
settling velocity decreases.
Determination of viscosity®*
The viscosity of suspension was determined at ambient
condition using Brookfield digital viscometer taking
adequate amount of the sample.
Sedimentation Volume®°
Sedimentation volume F is the ratio of equilibrium volume
of sediment (Vu) to the total volume of suspension (Vo).””
F=Vu/Vo
Vu - Volume of sediment
Vo - total volume of suspension
The sedimentation volume F normally ranges from less
than 1 to 1. When F=1, the sediment volume and the total
volume are equal and such a suspension is
pharmaceutically acceptable.
Determination of sedimentation volume®°
Sedimentation volume was determined as a function of
time. 50ml suspension was transferred to a 100 ml
measuring cylinder of 2.5cm diameter. The sedimentation
volume F was determined [9].

RESULTS AND DISCUSSION
Microbial Testing
Table 1: Colony Counting (Stability Conditions)
Accele Beal Refriger
time .
rated conditi ation
S.N . conditi conditio
o Observation on on n
37° for ?:rlss 1° for
48 hrs e days
BEFORE
INCUBATION Nil Nil Nil
1 a)Total
bacterial count
b)Total fungal Nil Nil Nil
count
AFTER
INCUBATION Nil Nil Nil
2 a) Total
bacterial count
b) Total fungal Nil Nil Nil
count

International Journal of Health Care and Biological Sciences [27]




Kumar VK, et al,. Int Jou Hea Bio Sci, 7(1), 2026, 26-31

Microbial Testing of Finished Product

This test is mainly performed to check whether the

finished product has any presence of micro organism or

not. For this test two media were commonly employed
namely, Tryptone Soya Agar Medium (TSA) for bacteria.

Sabouraud’s Chloramphenicol Agar Medium (SCA) for

yeast and moulds [10].

STEPS

1. TSA and SCA medium were prepared and autoclaved
for 15 min at 121°C.

2. 10ml of the sample was added to the broth and mixed
well.

3. By using a micropipette, 1 ml from the broth was
transferred to two sterile petridishes, One for
bacteria and the other for fungi.

4. 20 ml of the TSA and SCA medium was poured into
their respective plates.

5. The plates were then rotated in clockwise and anti-
clockwise directions for even spreading of the sample.

6. The plates were allowed for solidification.

7. TSA plate was incubated at 37°C for 48 hours in an
inverted position.

8. SCA plate was incubated at 20 -25°C for 5 days in an
upright position.

9. The colonies formed were counted and recorded [11].

Limits

Bacteria: not more than 300 colonies per plate.
Fungi: not more than 100 colonies per plate.

FORMULA (CFU/ML) = (No.of colonies X Amount of
Sample taken)/(Dilution factor)
PATHOGEN TESTING®?

This test is done only if the inoculated plate shows
coloured colonies which indicates the presence of
pathogens. The pathogens are:
e  Escherichia coli
e  Salmonella species
Table2: Formulation of Suspension

. :’&‘i‘r‘ﬁ 12 1212121212

5 5 5 5 5 5
(mg)

10 | Gveerim oo 1 5o [ 50 | 50 | 50 | 50
(8)
Mint

11 flavour 10 | 10 | 10 | 10 | 10 | 10
(ml)
Sunset

12 | yellowFCF | 25 | 50 | 50 | 50 | 50 | 50
(mg)

13 DMWater | qs | qs | 9s | 9SS | gs | Qs

S.N | Ingredient s1|s2|s3|salss]!se

0o S

1 | Bvthromy 1o g0 | 10 | 10 | 10 | 10
cin (g)

2 1nd1c(>;1)-204 25| 5 | 75| 10 | 20 | 25

30 | 30 | 30 | 30 | 30 | 30

3 Sucrose (g) 0 0 0 0 0 0

Xanthan

4 15| 15| 15| 0 0 0
gum (g)
5 | Tween80 | ol o5 | 05| 05| 05| 05
(8)
6 Vegum 0 0 0 1.5 | 1.5 | 15
Methyl
7 paraben 1 1 1 1 1 1
(8)
8 Sodium | by e s | 15 | 15 | 15

citrate (g)

Evaluation Parameters
Evaluation of Moringa Suspension
Preparation of Moringa Suspension
l
Initial Physical Observation
(Color e Odor » Appearance » Homogeneity)
l
pH Determination
(Digital pH meter)
l
Viscosity Measurement
(Brookfield Viscometer)
l
Rheological Study
(Flow behavior - Pseudoplastic / Plastic)
l
Sedimentation Study
(Calculate Sedimentation Volume, F = Vu/Vo)
l
Redispersibility Test
(Number of shakes required)
l
Particle Size Analysis
(Optical Microscopy / Analyzer)
l
Drug Content Uniformity
(UV-Visible Spectrophotometry)
l
In-Vitro Drug Release Study
(USP Type II - Paddle Method)
l
Microbial Load Test
(Total Bacterial & Fungal Count)
l
Stability Studies
(Room Temperature & Accelerated Conditions)
l

Final Evaluation & Interpretation

Stability Studies

Stability Studies of the Finished Product Stability of a drug
can be defined as the time from date of manufacture and
packaging of the formulation until its chemical or
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biological activity is not less than a predetermined level of
labeled potency and its physical characteristics have not
changed appreciably or deleteriously. Although there are
exceptions, 90% of labeled potency is recognized as the
minimum acceptable potency level. The international
conference on Harmonization (ICH) Guideline titled
“stability testing of new drug substance and products”
(QIA) describes the stability test requirements for drug
registration application in the European Union, Japan and
USA [12].

ICH specifies the length of study and storage conditions.

e Long term testing 25°C + 2°C /60 % RH * 5% for 12

months

e  Accelerated testing 40°C + 2°C /75% RH % 5% for 6
months

Inference

As the concentration of the resin was increased, the
release of the drug from the formulation was sustained,
Formulation S-1 & S-2 showed maximum release within

Time CUMULATIVE %DRUG RELEASE

(min) | s-1 S-2 S-3 S-4 S-5 S-6

10 79.44 | 74.62 | 72.05 | 69.05 | 67.02 | 65.44

20 95.81 | 91.86 | 83.43 | 80.89 | 80.12 | 78.47

30 99.79 | 99.88 | 93.18 | 84.31 | 86.12 | 81.21

30 min [13].
Table 3: Stability Studies of formulated Moringa
suspension
Accelerated Real .tl.me
Test for .. condition
S-No evaluation condition 22.5°for 5
37° for 48 hrs
days
1 Taste No change No change
2 Colour No change No change
3 pH 3.74 3.67
4 Viscosity (Cps) 660 665
Sedimentation
5 volume(F) 0.99 0.99
Drug
6 Content (%) 99.06+£0.0236 | 98.97+0.0423

Table 4: Stability Studies of formulated Moringa
suspension under Refrigeration condition
(Formulation S-6)

Refrigeration
Test for .
S.No . condition
evaluation
1° for days
1 Colour No change
2 pH 3.74
3 Viscosity (Cps) 660
4 Sedimentation 0.99
volume(F)
Drug
5 99.06+0.0236
Content (%)
Suspension is
6 Apperarance homogenous free from
formation of crystals
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40 - - 95.31 | 88.12 | 84.18 | 83.24
50 - - 9792 | 93.25 | 92.72 | 86.19
60 - - 99.82 | 99.12 | 99.70 | 99.86
Tab 5: Cumulative %Drug Release
FORMULATION S-1
120
100
°
>80
2
560
oo
2
<40
X
20
0

0 20 60 80

Time ilr‘10|n utes

Fig no: In Vitro Drug Release of Formulated Moringa
Suspension

FORMULATION S-2

% drug dissolved
3

0 20 40 60 80

Time in minutes

Fig No 3: In Vitro Studies Profile S-3
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FORMULATION S-3

93 1895'3197_9299.82
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20 40 60
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Fig no 3: IN VITRO STUDIES PROFILE S-3
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Fig No 6: In Vitro Studies Profile S-6
Table 6: Comparative Evaluation of Marketed Sample and

Formulation S-7

Observation
S.N Test for -
o evaluation Marketed Formulation
sample S-6
Slight Bitterness
1 Taste Bitterness completely
observed masked
2 pH 3.68 3.66
Viscosity
3 (Cps) 660 665
4 Sedimentatio 0.99 0.99
n volume (F)
5 Colour Orange Pale yellow
6 Drug content 99.03+0.0267 99.78+0.0245
*(%) % %
Table 7: Comparative In-Vitro Drug Release Data
Time Marketed Formulation S-6
(minutes) Sample (% (% Drug Release)
Drug Release)
10 61.68 +0.0929 59.82 +0.0568
20 75.35+0.0513 75.02 +0.0512
30 83.98 £ 0.0953 84.02 £ 0.0611
40 89.26 89.26
50 96.43 96.43
60 99.68 + 0.0624 99.70 £ 0.0850
SUMMARY AND CONCLUSION

Several formulations were carried out by Drug - resin
complexation method.
It was concluded that the formulation S-5 was
satisfactory than other formulations

International Journal of Health Care and Biological Sciences
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e The formulation S-5 was compared with a
leading brand of marketed sample and it was
found to be match with formulation S-5 in all
aspects.

FUTURE WORK

Scale up studies of the optimized formulation.
To send the
Bioequivalence studies.

desired formulated lots for

To proceed for exhibit batches.

ACKNOWLEDGEMENT
Authors are thankful to the management of St Anns
College of Pharmacy.

CONFLICTS OF INTEREST
The authors declare no conflicts of interest.

AUTHOR CONTRIBUTION
All are contributed equally

FINANCIAL SUPPORT
None

ETHICAL

CONSIDERATIONS AND INFORM

CONSENT
Not Applicable.

REFERENCES

1.

Fuglie LJ. Producing food without pesticides: local
solutions to crop pest control in West Africa. 1st ed.
Dakar: Church World Service; 1998. p. 1-158.

Gandji K, Chadare FJ, Idohou R, Salako VK, Assogbadjo
AE, Glele KRL. Status and utilisation of Moringa
oleifera Lam.: a review. Afr Crop Sci J. 2018;26:137-
156.do0i:10.4314 /acsj.v26i1.10.

Chaudhary K, Chourasia S. Nutraceutical properties of
Moringa oleifera: a review. EJPMR. 2017;4:646-655.
Gopinath LR, Jeevitha S, Gokiladevi T, Archaya S.
Isolation and identification of therapeutic compounds
from Moringa oleifera and its antimicrobial activity.
IOSR ] Pharm Biol Sci. 2017;12:1-10.

Kasolo JN, Bimenya GS, Ojok L, Ochieng ], Ogwal-
Okeng JW. Phytochemicals and uses of Moringa
oleifera leaves in Ugandan rural communities. ] Med
Plant Res. 2010;4:753-757.

Anwar F, Ashraf M, Bhanger MI. Interprovenance
variation in the composition of Moringa oleifera oil
seeds from Pakistan. ] Am Oil Chem Soc. 2005;82:45-
51.d0i:10.1007/s11746-005-1041-1.

Ansari MM, Kumar SD. Fortification of food and
beverages with phytonutrients. Public Health Nutr.
2012;2:241-253.

Choudhary MK, Bodakhe SH, Gupta SK. Assessment of
the antiulcer potential of Moringa oleifera root-bark

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

International Journal of Health Care and Biological Sciences

extract in rats. ] Acupunct Meridian Stud.
2013;6:214-220. doi:10.1016/j.jams.2013.07.003.
Posmontier B. The medicinal qualities of Moringa
oleifera. Holist Nurs Pract. 2011;25:80-87.
doi:10.1097/HNP.0b013e31820dbb27.
Aekthammarat D, Pannangpetch P, Tangsucharit P.
Moringa oleifera leaf extract lowers high blood
pressure by alleviating vascular dysfunction and
decreasing oxidative stress in L-NAME hypertensive
rats. Phytomedicine. 2019;54:9-16.
doi:10.1016/j.phymed.2018.10.023.

Tayo GM, Pone GW, Komtangi MC, Yondo G, Ngangout
AM, Mbida M. Anthelmintic activity of Moringa
oleifera leaf extracts evaluated in vitro on four
developmental stages of Haemonchus contortus from
goats. AJPS. 2014;5:1702-1710.
doi:10.4236/ajps.2014.511185.

Hannan MA, Kang ]JY, Mohibbullah M, Hong YK, Lee H,
Choi JS, et al. Moringa oleifera with promising
neuronal survival and neurite outgrowth promoting
potentials. ] Ethnopharmacol. 2014;152:142-150.
doi:10.1016/j.jep.2013.12.036.

Paikra BK, Dhongade HK], Gidwani B. Phytochemistry
and pharmacology of Moringa oleifera Lam. ]
Pharmacopuncture. 2017;20:194-200.
doi:10.3831/KP1.2017.20.022.

Mallenakuppe R, Homabalegowda H, Gouri MD,
Basavaraju PS, Chandrashekharaiah UB. History,
taxonomy and propagation of Moringa oleifera: a
review. Int ] Life Sci. 2019;5:2322-2327.

Guevara AP, Vargas C, Sakurai H, Fujiwara Y,
Hashimoto K, Maoka T, et al. An antitumor promoter
from  Moringa oleifera Lam. Mutat Res.
1999;440:181-188. doi:10.1016/S1383-
5718(99)00025-X.

Vimala G, Gricilda Shoba F. A review on antiulcer
activity of few Indian medicinal plants. Int ] Microbiol.
2014;2014:519590. doi:10.1155/2014/519590.
Popoola ]JO, Obembe 00. Local knowledge, use pattern
and geographical distribution of Moringa oleifera
Lam. (Moringaceae) in Nigeria. ] Ethnopharmacol.
2013;150:682-691. doi:10.1016/j.jep.2013.09.043.
Swati A, Virk AK, Kumari C, Ali A, Garg P, Thakur P, et
al. Moringa oleifera—A never die tree: an overview.
Asian ] Pharm Clin Res. 2018;11:57-65.
doi:10.22159/ajpcr.2018.v11i12.28049.
Gopalakrishnan L, Doriya K, Kumar DS. Moringa
oleifera: a review on nutritive importance and its
medicinal application. Food Sci Hum Wellness.
2016;5:49-56.d0i:10.1016/j.fshw.2016.04.001.

Stohs S], Hartman M]. Review of the safety and
efficacy of Phytother Res.

2015;29:796-804. doi:10.1002 /ptr.5325.

Moringa oleifera.

[31]



