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ABSTRACT
Objective: Phytosomes are novel herbal formulations meant for design of poorly soluble flavonoids of therapeutic potential. Naringin is a flavanone with
poor oral absorption and bioavailability but possess antioxidant, anti-inflammatory, antiapoptotic, anti-ulcer, antiosteoporotic, and anticarcinogenic
effects. Hence, the objective of the present work is the development of phytosomes of naringin to enhance its dissolution so that its therapeutic effects
can be exploited.
Materials and Methods: Phytosomes containing 350 mg of naringin were prepared by antisolvent precipitation method and rotary evaporation
method using soya lecithin as main polymer. The prepared phytosomes were evaluated by entrapment efficiency, in vitro drug release studies, and
drug-excipient interaction studies.

Results: Phytosomes made by rotary evaporation method evidenced higher dissolution values than phytosomes made by antisolvent precipitation.
Formulation F7 containing 350 mg of naringin and 1400 mg of soya lecithin revealed the highest percentage release of 84.5±0.39% in 60 min and
99.7±0.24% in 120 min. The percentage of drug entrapment efficiency values was satisfactory. Fourier-transform infrared spectroscopy spectra of
pure naringin and naringin phytosomes revealed no interaction between the drug and polymers used for preparation.

Conclusion: Naringin phytosomes are produced successfully by the rotary evaporation method. Phytosomes made with 350 mg of naringin and
1400 mg of soya lecithin by rotary evaporation method are spherical with a rough outer surface and optimum release characteristics of 84.5±0.39 in
60 min to possess optimum bioavailability and 99.7% in 120 min.
Keywords: Naringin, Flavonoid, Anticancer and Antioxidant, Poor bioavailability, Phytosomes, In vitro dissolution.
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INTRODUCTION
Naringin is a flavanone glycoside found in citrus fruits and mainly
in grapefruit juice. It is used in Chinese herbal medicine as an active
ingredient of Rhizoma Drynariae [1]. It is responsible for bitter
taste of fruits. It is reported to possess important pharmacological
activities such as antioxidant, anti-inflammatory, antiapoptotic, antiulcer, antiosteoporotic, and anticarcinogenic effects [2]. In humans,
naringin is metabolized to aglycone naringenin by enzyme naringinase
present in the gut. This happens in two steps; naringin is hydrolyzed
by L-rhamnosidase activity of naringinase to rhamnose and prunin.
The prunin formed is then hydrolyzed by the d-glucosidase activity of
naringinase into naringenin and glucose.
Many of the bioactive constituents of phytomedicines are flavonoids
and have poor oral absorption [3-5]. Naringin also has lower absorption
and bioavailability due to two factors. These chief constituents are
the number of ringed molecule and not too much small that it will
absorb by the diffusion process. The second factor is that flavonoid
molecule or chief constituent of polyphenols has poor solubility with
lipids. These are limitations that inhibit their absorption through
the biological membrane [6]. To overcome these limitations and to
exploit the therapeutic benefits of flavonoids, herbal drug design and
technological products such as phytosomes are recently introduced and
developed. The term “phyto” means plant, while “some” means celllike. Phytosomes are also known as herbosomes [7]. It is a complex of
natural active ingredient and a phospholipid mostly lecithin. These little
cells protect plant extract or its active constituent from destruction by
gastric secretions and gut bacteria due to gastroprotective property
of phosphatidylcholine. It is claimed that phytosomes increase the
absorption of conventional herbal extracts [8]. Some herbal compounds
binding to phosphatidylcholine produce highly bio available form

of herbal compounds. Hence, phytosomes improve the absorption,
increasing bioavailability and enhancing delivery to the tissue [9-11].

Literature reveals that there are no formulations of naringin as
phytosomes. Hence, the present research work is aimed at production
of phytosomes of naringin with enhanced dissolution with optimum
drug release characteristics so that the product will have optimum
absorption and bioavailability.
MATERIALS AND METHODS

Naringin and soya lecithin were purchased from HiMedia Pvt. Ltd.
Methanol and dichloromethane were purchased from Sigma Aldrich
Pvt. Ltd. n-Hexane was from SDL laboratories and all other chemicals
used in the study were of analytical grade.
Preparation of phytosomes of naringin
Phytosomes of naringin were prepared by antisolvent precipitation
method and rotary evaporation method.

Antisolvent precipitation method
Various ratios of naringin and soya lecithin were used to prepare
naringin phytosomes by antisolvent precipitation method. Formulations
with which discrete particles are not obtained are discarded, and three
formulations (F1 to F3) successful in producing discrete particles are given
in Table 1. During preparation, naringin and soya lecithin were placed in
100 ml round-bottomed flask and refluxed with dichloromethane for 2 h.
When the solution was concentrated to 5–10 ml, 30 ml of n-hexane was
added to get the complex as a precipitate. The precipitate was collected
and placed in a desiccator for 24 h. The dried precipitate was crushed in
mortar and sieved through #100 mesh. Powdered complex was placed in
amber-colored glass bottle and was stored at room temperature.
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Table 1: Composition of naringin phytosomes made by antisolvent precipitation method
Formulation code

Drug (mg)

Soya lecithin (mg)

Dichloromethane (ml)

n‑hexane (ml)

F1
F2
F3

350
350
350

350
700
1050

30
30
30

10
10
10

Table 2: Composition of naringin phytosomes made by rotary evaporation method
Formulation code

Drug (mg)

Soya lecithin (mg)

Methanol (ml)

Dichloromethane (ml)

pH 7.4 phosphate buffer (ml)

F4
F5
F6
F7

350
350
350
350

350
700
1050
1400

30
30
30
30

20
20
20
20

25
25
25
25

Table 3: Entrapment efficiency of naringin phytosomes
Formulation code

% EE

F1
F2
F3
F4
F5
F6
F7

72.34±0.09
81.17±0.21
83.64±0.19
91.91±0.44
91.31±0.14
90.01±0.21
92.91±0.11

*n=3 ± S.D
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Fig. 1: Dissolution curves of naringin and naringin phytosomes
F1 toF
Rotary evaporation method
Five trials of naringin formulations were tried rotary evaporation
method and their composition is given in Table 2. Various ratios of
naringin to soya lecithin, namely 1:1, 1:2, 1:3, 1:4, and 1:5, were taken
in the compositions, as shown in Table 1.

Accurately weighed quantity of naringin (drug) was dissolved in
methanol and soya lecithin was dissolved in dichloromethane. The
mixture of two solutions was transferred to round-bottomed flask and
refluxed for 2 h (60°C). At this stage, the solution was obtained in a clear
yellow color solution. The mixture was taken in RBF and evaporated in
a rotary evaporator at 60°C until all solvents evaporated perfectly and
a thin film was produced. The thin film was hydrated with phosphate
buffer 7.4, and the suspension was filtered, collected, and dried under
vacuum and was stored in amber color bottles.
In vitro evaluation of prepared phytosomes
Drug entrapment efficiency
The percentage of drug entrapment efficiency was determined for all
the prepared naringin phytosomes (F1 to F7). 100 mg of the product
was weighed and transferred into 100 ml volumetric flask containing

100 ml of phosphate buffer (pH 6.8) and was kept it aside. On the next
day, the volumetric flask was kept for continues stirring for 2 h at 35°C
to complete release of drug from the formulation. Then, the solution
was filtered, and 1 ml sample was diluted to 10 ml and analyzed for the
drug entrapment efficiency using ultra violet (UV) spectrophotometer
at 262 nm. Drug entrapment was calculated using the formula.
Percentage drug entrapment efficiency =

Actual drug content
×100
Theoretical content

In vitro drug release studies
In vitro dissolution studies were carried for pure naringin and also for
prepared naringin phytosomes (F1 to F7) using USP Type II dissolution
test apparatus (Labindia DS 8000, India). 900 ml of pH 7.4 phosphate
buffer maintained at 37±0.5°C temperature and 100 rpm was used as
a dissolution medium. Phytosomes equivalent to contain 350 mg of
naringin was placed in the medium. At predetermined time intervals,
5 ml of each sample was withdrawn at regular time intervals (0, 5, 10,
20, 30, 45, 60, 90, and 120 min) and was replaced by an equal volume of
fresh medium. The samples were filtered and diluted and analyzed on
UV spectrophotometer (Shimadzu, UV 1700) at 283 nm.
Assessment of drug release kinetics

Rate and mechanism of drug release from matrix tablets was assessed
by fitting the data into zero-order kinetics [Q=Ko t], first-order kinetics
[log Q=Log Q0+K1 t/2.303], Higuchi’s model [Q=KH t½], and Korsmeyer–
Peppas model [F=(Mt/M)=K tn].
Phase-contrast microscopy of naringin phytosomes

For determination of the shape of of naringin phytosomes, small amount
of phytosomes are kept on the glass slide and spread over the slide.
Then, the microscopy was adjusted to ×10 and focusing on the slide by
adjusting the stage micrometer. Then, the shape of the phytosomes was
observed on the screen and the photograph was taken.
Fourier-transform infrared spectroscopy (FTIR) of naringin phytosomes

Drug excipient interaction between the naringin and the ingredients
used for design of phytosomes was investigated by FTIR by potassium
bromide pressed pellet technique (Bruker, Japan). The FTIR spectrum
was obtained for pure naringin and for phytosomes of naringenin
transmittance mode in the range of 400–4000 cm−1.
RESULTS AND DISCUSSION

Phytosomes of naringin were produced successfully by both the selected
methods such as antisolvent precipitation method (F1, F2, and F3) and
rotary evaporation method (F4 to F7). All formulations (F1 to F7) were
subjected to in vitro evaluation by %entrapment efficiency, drug release
studies, and release kinetics. Promising formulation with enhanced
dissolution rate was investigated by phase-contrast microscopy to
identify appearance and by drug-excipient interaction studies by FTIR.
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Table 4: % Drug dissolved versus time values of pure naringin and naringin phytosomes (F1 to F7)
Time (min)

Pure drug

F1

F2

F3

F4

F5

F6

F7

5
10
15
30
45
60
90
120

6.48±0.21
6.61±0.12
7.38±0.35
8.43±0.18
9.06±0.36
10.03±0.55
10.71±0.24
12.69±0.3

20.6±0.18
31.5±0.35
39.6±0.24
42.3±0.48
48.4±0.15
51.9±0.14
61.5±0.19
66.3±0.28

36.9±0.25
39.4±0.34
45.3±0.16
49.7±0.18
61.2±0.17
66.4±0.27
69.1±0.22
70.1±0.37

38.1±0.34
42.5±0.19
45.6±0.21
51.01±0.24
55.6±0.15
59.05±0.26
61.3±0.34
65.4±0.33

7.7±0.22
12.3±0.43
15.6±0.32
18.25±0.75
20.27±0.42
23.9±0.51
25.9±0.30
39.5±0.23

10.35±0.51
17.7±0.42
19.1±0.42
22.9±0.35
24.5±0.28
26.3±0.15
27.6±0.89
46.6±0.21

9.35±0.21
15.1±0.63
18.4±0.11
20.5±0.44
22.7±0.43
24.2±0.41
25.2±0.62
42.5±0.11

35.5±0.21
49.9±0.12
58.7±0.35
65.9±0.58
78.4±0.35
84.5±0.39
99.2±0.22
99.7±0.24

*n=3 ± S.D

Table 5: Data of drug release kinetics plots
% Cumulative
drug release

Log% Cumulative
drug release

% Drug
retained

Log % drug
retained

Log T

√T

3

0
5
10
15
30
45
60
90
120

0
35.5
49.9
58.7
65.9
78.4
84.5
99.2
99.7

0
1.5502
1.6981
1.7686
1.8188
1.8943
1.9268
1.9965
1.9986

100
64.5
50.1
41.3
34.1
21.6
15.5
0.8
0.3

2
1.809
1.699
1.615
1.532
1.334
1.190
0.096
0.522

0
0.698
1
1.176
1.477
1.653
1.778
1.954
2.079

0
2.23
3.16
3.87
5.47
6.70
7.745
9.48
10.95

0
1.709
2.154
2.466
3.107
3.556
3.914
4.481
4.932
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Fig. 2: Kinetic plots of druu release from naringinphytosomes F7
Drug entrapment efficiency
Drug entrapment efficiency values of prepared phytosomes of naringin,
F1 to F7, are shown in Table 3 and are found satisfactory in all
the formulations. However there better value with formulations
made by rotary evaporation method F4 to F7.
In vitro drug release studies
The results of in vitro drug release studies of pure naringin and
phytosomes of naringin made by antisolvent precipitation method
(F1 to F3) and rotary evaporation method (F4 to F7) are shown in Fig. 1
and Table 4. Pure drug evidenced only 12.69% in 120 min, indicating
poor solubility of naringin. However, there is enhancement of drug

dissolution when it is made as phytosomes. Phytosomes made by
rotary evaporation method (F4 to F7) evidenced higher dissolution
values than phytosomes made by antisolvent precipitation (F1 to F3).
Formulation F7 exhibited the highest percentage as 84.5±0.39 in 60 min
and 99.7±0.24% in 120 min. Hence, this was considered as promising
formulation and was further investigated for drug-excipient interaction
studies.
Drug release kinetics of naringin phytosomes
Drug release kinetics of promising formulation (F7) was assessed by
plotting zero-order, first-order, Higuchi, and Korsmeyer–Peppas (k-p)
plots. The corresponding data and the plots are shown in Table 5 and
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Table 6: Correlation coefficient, R2 values
Plot

R2 value

Zero order
First order
Higuchi plot
Korsmeyer–peppas plot

0.595
0.759
0.895
0.315

1.161 (n)

Table 7: Fourier‑transform infrared spectroscopy absorption of
naringin and drug‑loaded phytosomes
Functional groups
of naringin

Infrared absorption
of naringin

Infrared absorption
of naringin
phytosomes F7

OH stretching
(3400–3300)
C‑H stretching
(2890–2970)
C=O stretching
(1646)
C=C stretching
(1517)

3400 cm

3334 cm

1643 cm‑1

1638 cm‑1

‑1

2900 cm‑1
1518 cm‑1

‑1

2924 cm‑1
1518 cm‑1
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Fig. 2. Correlation coefficient (R2) values of the plots are summarized
in Table 6. More linear plots in case of first order indicate that the drug
release is dose dependent and in case of Higuchi plot indicate that
the mechanism of release is by diffusion. The n=1.161 in Korsmeyer–
peppas plot (>0.45 and <2) indicates non-Fickian of drug release.

Phase-contrast microscopy of naringin phytosomes
The photographs of the optimized formulation (F7) taken in phasecontrast microscopy are depicted in Fig. 3. The phase-contrast
microscopy photographs revealed that the phytosomes are discrete
and spherical in shape with a rough outer surface morphology which
could be because of the surface association of the drug with the
polymer.
FTIR studies of naringin phytosomes
Infrared (IR) spectra of pure naringin and promising formulation of
naringin phytosomes (F7) are shown in Figs. 4 and 5, respectively.
Comparative data are shown in Table 7. IR spectrum of naringin
showed its characteristic peaks at 3400 cm-1 due to O-H stretching,
amide C=O stretch at 1643 cm-1, aromatic C=C stretching at 1518 cm-1,
and C-H stretching at 2900 cm-1. Phytosome formulation, F7, revealed
O-H stretching at 3334 cm-1, amide C=O stretch at 1638 cm-1, aromatic
C=C stretching at 1518 cm-1, and C-H stretching at 2924 cm-1. This
slight shift of these peaks indicates no interaction between the drug
and polymers.
CONCLUSION

Naringin phytosomes are produced successfully by antisolvent
precipitation method and rotary evaporation method. Phytosomes
made with 350 mg of naringin and 1400 mg of soya lecithin by rotary
evaporation method are spherical with a rough outer surface and
optimum release characteristics of 84.5±0.39 in 60 min to possess
optimum bioavailability.
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Fig. 4: Fourier-transform infrared spectroscopy spectrum of pure naringin

Fig. 5: Fourier-transform infrared spectroscopy spectrum of phytosome formulation F7
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