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ABSTRACT

Objectives: The objective of the present study was to isolate mucilage from the leaves of
Phanera variegata L., to do the thermal, microscopic, elemental analysis, and physicochemical
characterization of isolated mucilage. The various analytical methods were applied to mucilage
and evaluated its nature, thermal stability, and structure. Materials and Methods: The mucilage
was isolated and analyzed by various analytical methods like SEM, PXRD, particle size analysis,
DSC, TGA, elemental analysis (CHNS), zeta potential, FTIR, and 1D ("H and "*C) NMR spectroscopy.
Results: The SEM analysis indicated that mucilage particles had irregular shapes and sizes. The PSA
indicated that particles of mucilage had a particle size of nanometers. The DSC analysis observed
the mucilage's glass Transitional temperature (Tg) at 95.9°C. The TGA analysis suggested the
three-stage decomposition with the good thermal stability of mucilage. A complete amorphous
nature of the mucilage was indicated by PXRD analysis. The specific content of CHNS was
revealed by elemental analysis. FT-IR spectra identified the major functional groups include 3240
cm’(-OH), 2848 cm™(C-H), 1599 cm™(C-OH), 1419 cm™(-CO0-), 1253 cm™(C-0). 1D Hydrogen-1
and Carbon-13 NMR confirmed the presence of polysaccharides that have many similar sugar
residues. Conclusion: The P. variegata mucilage was found amorphous, thermally stable, and
can be used as an excellent alternative natural pharmaceutical excipient for conventional
pharmaceutical drug products and novel drug delivery systems in varying concentrations.
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INTRODUCTION

Pharmaceutical excipients are used in the conversion of Active
Pharmaceutical Ingredients (APIs) into dosage form, excipients
are anon-active ingredient, but they are essential in the conversion
of raw into a dosage form. In recent years excipients (polymer)
isolated from natural origins (plants) evoked great interest due to
wide application in all types of pharmaceutical formulations such
as binders, diluents, disintegrants in solid dosage form, viscosity
enhancers, protective colloids in liquid dosage forms, as bases and
gelling agents in semisolid dosage form, etc.' Natural excipient
also have a wide role in cosmetics, paints, paper making, and
food industries.>® Natural excipients are those which can be or
are obtained from natural sources. Choosing natural excipients is
more appropriate than synthetic ones as they are biodegradable,
non-toxic, and harmless 'What comes from nature degrades
easily in nature.
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Polymers obtained from plants have been researched and
reported for their efficacy as they have vast applications in all
types of dosage forms like film coating agents, nanoparticles,
microspheres, controlled drug delivery systems, implants,
buccal films thickeners in ophthalmic preparations, emulsifiers,
solubilizers, suspending and thickening agents, bioadhesives,
binders in dosage forms.*” The mucilage in plants is a term
used for materials that are practically soluble or they swell very
noticeably in water as well as they get precipitate in granular mass
or in amorphous form upon the addition of alcohol or ketone.
They emanate as a part of cell content or as a wall part of that.

Natural polymeric materials like Almond gum from Prunus
dulcis, Locust bean gum mucilage from seeds of Ceratonia
siliqua, Khaya gum, Tara gum,® Gums from Cassia Fistula and
Tamarindus indica,” Hibiscus mucilage from leaves of Hibiscus
rosasinensis, Okra gum from pods of Abelmoschus esculentus,'
Gum Sesbania from Hibiscus esculenta, gum copal, konjac gum,
galactomannan from Mimosa scrabella." Gums and mucilage
have extremely wide applications in non-food as well as in
food industries as they are completely or partly water-soluble
polysaccharides, ready availability, and based on their distinctive
important physicochemical properties; they are available at quite
alow cost than synthetic polymers. Amongst the Asian countries,
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India is been an important source of these types of products due
to its environmental and geometrical positioning."

Phanera variegata Linn. (Fabaceae) is a deciduous tree; it
is of medium size having dark drown bark, nearly smooth
brown-pubescent young shoots, large fragrant flowers mainly of a
white or purplish color, and theleaves are obcordate (heart-shaped
attached by the pointed end) shaped, rounded, broad and long,
and having lobes at the apex and base. It is widely distributed
in India mainly in sub-the Himalayan and outer Himalayan of
Punjab, Rajasthan, and Sikkim, and extending from Burma
to China, in South East Asia. It is also known as the camel’s
foot tree, mountain ebony, or orchid tree. P. variegata is having
wide medicinal use (treatment of leprosy also cures diarrhea,
dysentery, inflammations, diabetes, etc.) and also use as a food
source (buds of Kachnar are used as edible in various parts of
India).?

“Mucilage in plants” means those substances which are soluble
or at least swell very perceptibly in water and which, upon the
addition of alcohol, are precipitated in either amorphous or
granular mass. Mucilage analysis has an important significance
as they have wide applications in the pharmaceutical industries.
Mucilages are used as pharmaceutical excipients for various roles
in different dosage forms like in control release formulation,
site-specific delivery, sustain release solid dosage form, binding
agent, suspending agent, viscosity enhancers etc., therefore
proper analysis of mucilages is required like swelling index,
binding property, thermal stability, structural analysis and
physicochemical analysis.

The objective of this research work was to determine
the
mucilage assessment isolated from Phanera variegata Linn.

morphological,  physicochemical, and elemental
(Kachnar) leaves. The analysis was done by the following methods.
(i) (SEM) Scanning Electron Microscopy, (ii) (DSC) Differential
Scanning Calorimeter, (iii) (TGA) Thermo Gravimetry Analysis,
(iv) Particle size analysis, (v) (PXRD) Powder X-ray Diffraction,
(vi) elemental analysis {Carbon (C), Hydrogen (H), Nitrogen (N),
Sulphur (S)}, (vii) Zeta potential, (viii) (FTIR) Fourier Transform
Infrared Spectroscopy (ix) 1D (*H and "*C) (NMR) Nuclear

Magnetic Resonance spectroscopy analysis.

MATERIALS AND METHODS

Materials

Leaves of Phanera variegata Linn. were collected from the campus
of GLA University, Mathura, U.P,, India, and their authentication
was done by Dr. Sunita Garg, CSIR - NISCAIR, New Delhi, India
(Ref. No.-NISCAIR/RHMD/Consult/2018/3230-31). The leaves
were separated, washed, and dried in ambient conditions under
the shed. Mucilage was isolated from the leaves using maceration
techniques and stored in airtight, desiccated jars. De-ionized
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water was used for all experiments. All other chemicals used were
of analytical reagent grade.

Isolation of Mucilage

The fresh leaves of Phanera variegata Linn. were collected
from the tree and washed properly with water to remove dirt
and debris and then kept for drying. After drying they were
crushed in a grinder to make a fine powder. Then the powder
was soaked (homogenize) in water four times (x 4) for 2-3 hr
(homogenization) after that slurry was boiled for 15-20 min.
at 70°C and kept undisturbed for around 1 hr for the release of
mucilage into water. Then the material was passed from eight
folds muslin cloth for separation of the marc and the solution.
Acetone in the ratio of 1:3 to the volume of the filtrate was added
to the filtrate to precipitate the mucilage. The mucilage was filtered
and dried in an oven at a temperature not exceeding 50°C. The
dried material was then collected, crushed, and passed by mesh
80. The resultant fine powder was stored for further use in the
desiccator. Deionized water was used to conduct all experiments.
All chemicals were used as received analytical grades without
further purification.”? Further, the isolation process is explained
in Figure 1.

Scanning electron microscopy

Scanning electron microscopy was carried out by mounting a
dried sample (mucilage) on a specially designed aluminum stub
along with double-sided adhesive tape; the stub with the sample
was then coated with a thin layer of gold in a sputter, coater and
observed under (JSM 6100 scanning microscope, JEOL, Japan)
at an accelerating voltage of 10 kV. The study was done at SAIE
Panjab University, Chandigarh, India.

Powder X-ray Diffraction

X-ray Diffraction (PXRD) analysis of
mucilage was done using (X'Pert-PRO, Panalytical, UK.) X-ray
diffractometer equipped with a copper tube with Cu K-alpha-1
radiation. The required amount of sample was analyzed and
scanning was performed between 20=10 and 50° (specific
length) with a scan step (time) of 29.84 s, operating at voltage
45Ky, current 40 mA, and temperature at 25°C which were kept
constant. 2 g fine powder sample was taken on glass slide of size
3.5 cm x 2.5 cm and thickness 0.2 cm with uniform sample layer
on one side. The analysis was done at SAIF, Panjab University,
Chandigarh, India.

Powder isolated

Particle size analysis

Particle size analysis of mucilage sample carried out by particle
size analyzer (Zetasizer Nano ZS, Malvern, and Panalytical, UK).
About 3.0 mL sample dispersion were added in sample holder.
The dispersed sample was prepared in deionized water at a
concentration of 1.0 mg/mL, the required amount of dispersed
sample was placed in a cuvette, and particle size was recorded at
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25°C, count rate of 225.4 (kcps). The determination of particle size
is based on the principle of DLS (Dynamic Light Scattering), the
distribution of the velocity of suspended particles in a dispersion
medium helps to analyze particle size distribution and in the
influence of an electric field, particles were analyzed in motion."
The analysis was done at GLA University, Mathura, India.

Differential scanning calorimetry

Differential scanning calorimetry analysis of mucilage sample
carried out using a Differential scanning calorimeter (Mettler
Toledo Star System, USA). The required weighed sample (6.182
mg) was placed in the Aluminum 40 pL pan with a pin-hole lid
and measurements were done in a nitrogen atmosphere at a flow
rate of 40 mL/min. The thermal cycles were performed with the
heating rate of 10 K/min for the first heating cycle from 25-300°C
and then a cooling cycle with the rate of -10 K/min from 300-25°C.
DSC was done at Mettler Toledo India Pvt. Ltd., Mumbai, India.

Thermogravimetry analysis

Thermogravimetry Analysis (TGA) of mucilage samples was
carried out using a Thermal analyzer (Mettler Toledo Star System,
USA). Weighed amount (20.6 mg) of mucilage sample was placed
on Alumina 70 pL pan w/o lid under nitrogen atmosphere (flow
rate 60 mL/min). The sample was analyzed from 30-1000°C at a
heating rate of 10 K/min. TGA was done at Mettler Toledo India
Pvt. Ltd., Mumbai, India.

Elemental compositions (CHNS) analysis of mucilage

The analysis for elemental compositions (CHNS) of the mucilage
was carried out by using a CHNS-O organic elemental analyzer
(Flash 2000/Series, Thermo Scientific, USA). Weighed amount
(2.718 mg) of mucilage sample was heated to 1800°C, from 0-12
min and electric potential between-2.61 to 76.28 mV, and all
the elements were analyzed. The study was done at CIL, Panjab
University, Chandigarh, India.

Zeta Potential (Q)

The zeta potential ({) of isolated mucilage was done using
(Zetasizer Nano ZS, Malvern, Panalytical, UK). The weighed
amount of sample was dispersed in deionized water and 1.0 M
NaCl separately (1.0 mg/mL) and the required amount of sample
was filled in a zeta sizer cuvette (DTS1070). The analysis was
done at 25°C, count rate of 111.5 (keps). The analysis was done at
GLA University, Mathura, India.

Fourier transform infrared spectroscopy (FTIR)

Fourier transform infrared spectroscopy (FTIR) spectra of
mucilage were analyzed on an FT-IR spectrometer (IRAffinity,
Shimadzu, Japan). The mucilage was pulverized and blended
with Kbr and transferred to the sample holder and spectra were
obtained between 4000-400 1/cm. The analysis was done at GLA
University, Mathura, India.
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1D nuclear magnetic resonance (NMR 'H liquid state
and 3C solid state)

NMR spectra of mucilage of 'H liquid state was analyzed in
the NMR spectrometer (Avance II 400, Bruker, Germany.). The
mucilage in D,O has been dissolved and the chemical shifts
were analyzed in ppm relative to internal standard TSP. NMR
spectra of mucilage of *C solid-state were analyzed in the NMR
spectrometer (AV 500, Bruker,). "H NMR spectra were recorded
at the base frequency of 400MHz and *C NMR spectra were
recorded at the base frequency of 125 MHz. 'H and “C NMR
were done at SAIF, Panjab University, Chandigarh, India, and SIF,
NMR research center, IISc, Bangalore, India respectively.

RESULTS

Scanning electron microscopy revealed irregular
shapes and size

SEM analysis was carried out to analyze the surface morphology
of mucilage from P variegata. Microphotographs obtained
are represented in Figure 2 in different magnifications.
Microphotographs significant that the mucilage particles had an
uneven irregular shape and are in the size of 20-100 microns. SEM
results of the present study suggest that the hydration capacity of
mucilage depends on the surface property it also suggested that it
can be used for granulation technique.

Powder X-ray diffraction suggests amorphous nature

X-ray diffractogram pattern of P variegata mucilage powder
Figure 3 shows a broad peak with a maximum area at 26=21.50,
the average grain length estimated to d-spacing=4.129 A and
some halos having weak peaks. Isolated mucilage is amorphous
in essence, this shows that the wet granulation technique for
dosage formulation is suitable for the mucilage

Particle size analysis indicates good flowability

The size of P. variegata mucilage powder obtained by using a
particle size analyzer was found to be 1989 nm and the average
particle size (Z-average) obtained was 1923 nm. The dried powder
mucilage has flow properties that could be suitable for the use
of wet granulation technology. PSA also previews the degree of
densification, which could occur during tableting which was
further confirmed by particle size analysis.

Differential scanning calorimetry illustrated the
amorphous nature

Figure 4 The Differential scanning calorimetry thermograms
of P. variegata mucilage show the glass Transition temperature
(Tg) at 95.9°C. The major intense peak recorded in the DSC
thermograms is endothermic, followed by weaker exotherm(s).
DSC compares the difference between the energy acquired or
released by a sample and a suitable reference as a function of
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Table 1: Elemental compositions CHNS) of Phanera variegata mucilage.

SI. No. Component
1 Carbon

2 Hydrogen

3 Nitrogen

4 Sulphur

Retention time * Element "
1.15 41.41

3.77 5.80

.80 3.46

8.08 0.27

Note: * Retention time was calculated in minutes AElements were calculated in (%).

Table 2: FTIR interpretation of Phanera variegata mucilage.

SI.No. Observed Functional groups and type
absorption peak  of vibration
(ecm™)
1 3500 cm™-3200 stretching vibration of (-OH).
cm™!
2 3000-2840 cm™! aliphatic (-CH) stretching.
1599 cm™! (-CH-OH-) stretching.
4 1049-1072 cm™ Stretching vibration of C-OH
from carbohydrates.
5 1253 cm™! (C-O) stretching of
polysaccharides.
6 2848 cm'! (-CH,) methyl groups in
cellulose.
7 1095 cm! stretching of (C-O-C) group

in saccharides.

temperature or time while the sample and reference are subjected
to a controlled temperature rise.

Thermogravimetry analysis suggested thermal
stability

The TGA curve of P. variegata mucilage is represented in Figure
5. The thermogram shows no major weight loss (approx. 13%)
until 190°C, two main peaks result from the thermogram of mass
loss. The secondary weight loss is occurring at 290°C (approx.).
The details of thermal behavior stability data acc. to the primary
thermograms and derivative thermograms for the gum. The
weight loss onset represents the onset of oxidation or maybe the
decomposition of polymer which suggests that mucilages have
good thermal stability

Elemental compositions analysis of mucilage

The quantitative estimation of P variegata mucilage is done.
The result of elemental composition analysis shows that the %
element of CHNS content to be 41.41, 5.80, 3.46, and 0.27 (w/w
%) respectively and the % of elements are shown in Figure 6
and tabulated in Table 1. The presence of nitrogen may indicate
the presence of protein in the sample. Presence of sulphur may
indicate the presence of protein and amino acids, the formation
of bond.
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Zeta potential ({) indicated a poly-electric effect in
pure water

Zeta potential ({) was measured to get information about the
stability charge behavior of the polymer. The zeta potential ({)
of P. variegata mucilage powder was recorded on zetasizer at 1.0
mg/mL concentration in an aqueous medium (deionized water)
and was found to be-28.0 mV. The conductivity and dielectric
constant often increase with thermal and electrical stress. These
changes are indicative of the decomposition of material to yield
a few smaller molecules. The concomitant shift in UV and IR
Spectra. Taking account of earlier studies it can be ascertained
that the ZP caused a huge impact on the properties of mucilage.

Fourier transform infrared spectroscopy

The main functions groups of P variegata mucilage are
interrelated by FTIR spectra which are represented in Figure
7, spectra show the typical bands and peaks that characterize
mucilage. The major outcome of FTIR is tabulated in Table 2.

1D nuclear magnetic resonance (NMR 1H liquid state
and 13C solid-state)

The NMR spectra of P variegata mucilage are interpreted; a
Hydrogen-1 liquid-state spectrum is represented in Figure 8 and a
Carbon-13 solid-state spectrum is represented in Figure 9. NMR
confirmed the presence of non-reducing sugars and the obtained
results demonstrate that mucilage is a useful pharmaceutical aid
and can be used for effectively controlling the release of drugs
from the designed matrix systems. The major outcome of the 'H
liquid state and "*C solid state is tabulated in Table 3.

DISCUSSION

Mucilage was isolated from the leaves of Phanera variegata Linn.
The SEM analysis of the present study suggests that P. variegata
mucilage is amorphous in nature similar results have been shown
by mucilage obtained from Diospyros melonoxylon Roxb and
some other mucilages. Scanning electron microscopy revealed
irregular shapes and sizes. The water-holding capacity of the
mucilage relies on the property of the surface. The differences
in the structure surface or shape morphology can be affected by
extraction and purification methods or product preparation.'”
X-ray diffractogram pattern of P variegata mucilage powder
suggests the amorphous nature of the P variegata mucilage
powder mucilage. Similar X-ray diffractogram pattern of natural

645



Bansal and Bajpai.: Analysis of Phanera variegata Mucilage

gums such as guar gum, Arabic gum, and gum karaya which
reveal amorphous nature has been reported by other authors.'*'®
The PXRD is a very useful method for analyzing materials as it
suggests the pattern of atoms and molecules in the material and
the geometry of the polymer structure. Particle size analysis
suggests that particles isolated from mucilage dried powder are

Table 3: 'H and *C NMR interpretation of Phanera variegata mucilage.

SI.No.  Signal (ppm) Assignment

1 1.81 ppm, 1.03 N-acetyl group, aliphatic alkyl
ppmand 2.5 ppm  and uronic acid.

2 5.8-5.0 ppm Proton of a-anomeric carbon.

3 4.6-4.4 ppm Proton of B-anomeric carbon.

4 4.0-3.27 ppm OH and CH groups.

5 64-90 ppm Rings carbons C-OH.

6 63 ppm -CH OH

7 20-24 ppm Methyl groups of Rhamnose.

L d
- %
WD'= 26.0\i

1000.0 x ACC = 10.0KV

fine in appearance and the mucilage has good flowability which
is suitable for granulation technology and some liquid dosage
forms."” In the DSC assessment, the heating cycle suggests the
thermal history of polymer and crystallinity fundamentals, and
the cooling cycle illustrates the enthalpy and crystallization
temperature.” The DSC thermograms of P. variegata mucilage

( Leaves were collected |

l [ Washed with water and dried |

Converted into fine powder, homogenized
(soaked) in water (x4) for around 2-3 hours
After homogenization, boiled ‘

J for 20 -25 min. at 70 °C
[Boiled ‘material was allowed to cool so as (0]

Phanera variegata

allow mucilage to get completely released in

the water
After 1 h d thr 2 : e
‘ Lter | HOur, squesze ough Fine powder of mucilage was stored in
|| eight-fold muslin cloth il furth
till er use
[mee was collected marc was removed J — - .

Dried mucilage was grinded and
passed by mesh # 80

In the filtrate
v

Acetone was added in the ratio of 1:3 to the Precipitated mucilage was collected and
filtrate’s volume so as to precipitate the dried in an oven at a temperature not
mucilage. ding 50 °C

Supernatant was discarded

Figure 1: Isolation process of mucilage.

4 )
VD= 26.0:mm
ACC = 10.0 kV

400. 0

WD =280 mm

2500% -~ LACC = 10 KV

Figure 2: SEM images of mucilage at different magnifications.

646

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 2, Apr-Jun, 2024



Bansal and Bajpai.: Analysis of Phanera variegata Mucilage

show the glass Transition temperature (Tg) at 95.9°C. The intense
peak recorded is an endothermic transition at 172.91°C. In the
cooling cycle, no endothermic and exothermic peak has been
found, this indicates the absence of crystallization and shows the
same result as PXRD which indicated the amorphous nature of
P, variegata mucilage. Therefore, the results of DSC show that
the sample mucilage has shown thermal stability, dehydration,
and depolymerization are also involved in the process.” In
the TGA curve two main peaks result from the thermogram

Counts
1000 Moz

500

a T T T T

Pasition [*20] {Copper {Cu)l

Figure 3: Powder X-ray diffractogram of Phanera variegata Linn. Mucilage.

Method:
[1] 25 - 300 °C, 10 K/min, N2 40.0 ml/min
[2] 300 - 25 °C, -10 K/min, N2 40.0 ml/min

Aluminum 40 pl pan with pin-hole lid Cooling Cycle

Heating Cycle

Integral -1859.67 mJ

normalized -300.82 Jg”-1
Onset 52.30 °C
Peak 95.97 °C

— T T T T T T T 7T
40 60 80 100 120 140 160 180 200 220 240 260 280 °C

Figure 4: DSC Thermogram of Phanera variegata Linn. mucilage.

100+ Step -12.4239%
-2.5595 mg
<
80
60 Step -57.0065 %
-11.7443 mg
Step -20.1654 %
-4.1544 mg
40 Residue 10.0071%
2.0616 mg
20|
| Method: 30 -1000 °C, 10 K/min, N2 60 ml/min i ~
% | Alumina 70 pl pan w/o lid

— T T T T T T T T
100 200 300 400 500 600 700 800 900 °C

Figure 5: Thermogravimetry analysis thermogram of mucilage.
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of mass loss. The primary minor weight loss is occurring at
80°C (approx.) which attribute to the weight loss of structural
and absorbed biopolymers water,”*** or due to the release of
moisture from the structure of saccharide. The secondary weight
loss is occurring at 290°C (approx.) which attribute to the
polysaccharide decomposition.* According to other authors, it
is reported that the polysaccharide shows main degradation or
decomposition between 210 and 320°C.* In addition, another
weight loss is occurring at 590°C (approx.) which attribute to the
carbonaceous residues.” The onset of weight loss represents the
start of the decomposition/oxidation of polymer which indicates
that mucilage has good thermic stability. Elemental analysis of
the material (like chemical compounds, minerals, and soil) is

7628,

l(‘albou
i
g |
(mVolr) |
+ |
N:i1l||'0 en Hydi
- 2 ydrogen
IR 4 Sulphur
A ! o
-2.61 T T T T T T T >
0.0 24 48 (1mun) 7.2 9.6 12.0

Figure 6: Elemental compositions (CHNS) graph of Phanera variegata
mucilage.
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Figure 7: FTIR Spectra of mucilage obtained from Phanera variegata
mucilage.
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Figure 8: 1D Hydrogen-1 liquid state NMR spectrum.
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Figure 9: 1D Carbon-13 solid-state NMR spectrum.

a process in which samples analyze for elemental components
(carbon, nitrogen, hydrogen, sulphur, and oxygen). Estimation
of elements can be both qualitative (to determine whether the
elements are present or not) and quantitative as well. CHNS
composition of P. variegata mucilage was found to be almost
equal to gum Arabic,” lower than Diospyros melonoxylon Roxb.,*
and slightly higher than gum kondagogu.” Further, the presence
of sulphur and nitrogen suggests the presence of S-containing
protein as suggested by other authors.* The electro kinetic studies
depend upon the potential between an electrolyte solution and
surface, so it helps to determine the magnitude of the electrical
double-layer repulsion. The results suggest that mucilage has
moderate stability as colloids show moderate stability between
+_ 25 to +_40 and isolated mucilage powder could help to check
the rapid coagulation of substances in the liquid dosage form.
No zeta potential could be recorded for the mucilage in the
presence of 1.0M NaCl. FTIR spectroscopy is one of the main
analysis parameters for the structural characterization of any
compound. FTIR is widely used in the characterization of the
polymer as it results in the identification of functional groups and
their arrangement with the polymer backbone.’'** According to
other authors, the so-called spectrum fingerprint region between
1400 cm™-1000 cm™ may attribute to the polysaccharides.” The
P variegata mucilage showed absorption bands with stretching
vibration of the hydroxyl (-OH) group in the region 3500-3200
cm’, aliphatic (-CH) stretching in the region 3000-2840 cm
and (-CH-OH-) stretching at 1599cm™.*>* The absorption
bands appear near 1049, 1072 cm™ concurred with stretching
vibrations of C-OH from carbohydrates, the fingerprint region
for carbohydrates attribute between wave numbers 1200-800
cm™.? According to other authors, the band at 1253 cm™ is of
(C-O) stretching in polysaccharides (complex), and the band
at 1095 cm™! refers to the stretching of the (C-O-C) group in
saccharides.”® The peak at 1419 cm™ refers to the carboxylate
group of galacturonic acid residues.’ The peaks obtained at 2918
and 2848 were due to the stretching of (C-H) bonds of (-CH,)
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methyl groups in cellulose and hemicellulose components.”
There are generally fractions of sugar-acid units in natural gums
that show weak anionic character to the macromolecule of
gums.” According to another author broad band at 3280 cm™ is of
intra and intermolecular H, bonding of -OH groups relate to the
structure of carbohydrates in P. variegata mucilage spectra is the
broadband occurs at the wave number 3240 cm™.*® The result of
P variegata mucilage spectra suggests that the mucilage is mainly
composed of polysaccharides. To study the chain configuration
and microstructure of polymers NMR is a key analysis in both
the solid as well as liquid state of the material. Hydrogen-1 liquid
state spectra of P variegata mucilage shows multiple signal
narrow region between 3-5 ppm typically like polysaccharides
which confirm that many similar sugar residues are present in
the mucilage.” The signal at 1.81 ppm, 1.03 ppm, and 2.5 ppm
are attributed to the N-acetyl group, aliphatic alkyl groups, and
uronic acid respectively. Other authors also reported the presence
of acid sugars as D-galacturonic acid agreeing with the uronic
acid. The signals between regions of 5.8-5.0 were attributed to the
proton of a-anomeric carbon and 4.6-4.4 was attributed to the
proton of B-anomeric carbon. The signals between 4.0-3.27 ppm
can attribute to OH and CH groups. The regions around a- and
B-anomeric carbon can be attributed to the galactose, rhamnose,
xylose, and arabinose as neutral sugars,*® Carbon-13 solid-state
spectra of P. variegata mucilages show width lines that interpret
the presence of typical amorphous polymer with band signals
between 64-90 ppm due to the bulk of rings carbons C-OH. The
signal at 63 ppm is a low-intensity signal which attributes to the
-CH-OH belongs to the glucose. Signal high frequency at near 173
ppm attributed to -COOH group and shows exist of sugar acid.
The anomeric carbons generally give signals at 90-110 ppm and
the band shape indicates it consists of multiple signals. Signals at
approx. between 20-24 ppm may be attributed to methyl groups
of rhamnose, both signals indicate similar components.* The
spectrum shows the presence of significant amounts of aliphatic
C (10-50 ppm), as other authors also have reported.*

CONCLUSION

Phanera variegata Linn. isolated mucilage is a novel
polysaccharide gum with little to almost no published
characterization data. The mucilage is natural, non-toxic, and
biodegradable. It is widely available as well as requires low
production cost and time. The total percentage yield of isolated
mucilage from Phanera variegata Linn. is found to be 10.2%
which indicates that it can be used as alternative pharmaceutical
excipients. The result obtained from the study indicated that the
isolated mucilage has innate properties which can be used in the
manufacturing of various dosage forms. SEM results of the present
study suggest that, the hydration capacity of mucilage depends
on the surface property it also suggested that it can be used for
granulation technique. Some researchers reported that particle
size influenced hydration kinetics. The mucilage is found to be
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thermally stable which is confirmed by the results of DSC and
TGA. Dehydration, decomposition, and depolymerization are
involved in DSC and TGA at high-temperature stages resulting
in the formation of H,0, CO, and CH » because of the difference
in the functional groups and structures, either the degradation
routes or the resulting fragments will be different. Usually, the
polysaccharides are comprised of carboxylate or carboxylic acid
functional groups Significant element compositions are present
in mucilage. The PXRD and DSC confirm that isolated mucilage
is amorphous in essence, these shows that the wet granulation
technique for dosage formulation is suitable for the mucilage.
Particle size analysis showed that particles are fine in size which
is good for the granulation technique. Zeta potential confirms the
moderate stability of the mucilage. FTIR spectroscopy and 1D 'H
and "C NMR studies confirm the presence of non-reducing sugar.
13C NMR spectra of mucilages gave line widths which are typical
of an amorphous natural polymer. The results obtained from
the mentioned studies show that the mucilage isolated is a very
useful pharmaceutical excipient as it can be used for modified
drug delivery systems, sustained, prolonged, and control drug
delivery systems as an alternative natural binder as well as a
useful excipient in liquid dosage forms. Further research of the
isolated mucilage from the leaves of P. variegata can be done on
the various potential of the isolated mucilage in the formulation
of different dosage form, its acceptability as pharmaceutical
excipient for other dosage forms.

LIMITATIONS

Mucilages are plant-derived polymers and hence their availability
is based on environmental and seasonal conditions, these
variations may affect the quality, yield, and production of
mucilages. The extraction and isolation processes of mucilage are
quite complicated. Mucilage yield and consistency also depend
upon physical damage to the part of the plant from which mucilage
will be extracted, posing a serious challenge to associated costs
and the potential for mass production. The moisture content of
mucilages may lead them to the risk of microbial contamination
during any stage of their processing if not stored properly.
The storage period is also a key factor in the contamination of
mucilage as many researchers have reported that variation in
storage leads to changes in the quality of mucilage as this requires
control of the handling methods used at various stages. Further,
some modifications can lead to control of the disadvantages of
mucilages.
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SUMMARY

Mucilage was isolated from the leaves of Phanera variegata Linn.
which is a novel polysaccharide gum with little to almost no
published data on characterization as well as on its formulation.
In the present study, the mucilage from the leaves of Phanera
variegata plants was isolated and analyzed by various analytical
techniques like SEM, PXRD, particle size analysis, DSC, TGA,
elemental analysis (CHNS), zeta potential, FTIR, and 1D (‘H and
C) NMR spectroscopy. Finally, the obtained results showed that
P, variegata mucilage was found to be amorphous, thermally stable,
and can be used as an excellent alternative natural pharmaceutical
excipient for conventional pharmaceutical drug products and
novel drug delivery systems in varying concentrations.
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