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ABSTRACT

The aim of this studywas to investigate the feasibility of using
Eudragit E as a granulating agent for a spray-dried extract
from Phyllanthus niruri to obtain tablets containing a high
dose of this product. The granules were developed by wet
granulation and contained 2.5%, 5.0%, and 10.0% Eudragit E
in the final product concentration. The tablets were produced
on a single-punch tablet press by direct compression of gran-
ules using 0.5% magnesium stearate as a lubricant. The tab-
lets were elaborated following a 2 × 3 factorial design, where
Eudragit E concentration and compression force were the in-
dependent variables, and tensile strength and the extract re-
lease of the tablets were the dependent variables. All granules
showed better technological properties than the spray-dried
extract, including less moisture sorption. The characteristics
of the granules were directly dependent on the proportion of
Eudragit E in the formulation. In general, all tablets showed
high mechanical resistance with less than 1% friability, less
moisture sorption, and a slower extract release profile. The
Eudragit E concentration and compression force of the tablets
significantly influenced both dependent variables studied. In
conclusion, Eudragit E was efficient as a granulating agent
for the spray-dried extract, but additional studies are needed
to further optimize the formulations in order to achieve less
water sorption and improve the release of the extract from
the tablets.

KEYWORDS: Phyllanthus niruri, spray-dried extract, wet
granulation, Eudragit E100, phytopharmaceuticalsR

INTRODUCTION

Phyllanthus niruri L is a medicinal plant widely distributed
and used in folk medicine to treat kidney stone ailments

and viral hepatitis. Pharmacological experiments confirm its
therapeutic efficacy and safety.1 Spray-dried extracts (SDEs)
from medicinal plants are often used as active components
in solid dosage forms because of their better stability.2

However, these products generally present deficient rheo-
logical properties, inadequate compressibility, and high sen-
sitivity to atmospheric moisture, resulting in difficult direct
compression.3-5

The flowing behavior of pharmaceutical powders determines
important properties of solid dosage forms. SDEs often have
a small particle size and consequently poor flow, which may
result in variation in weight and poor content uniformity
within tablets. Particle size can be enlarged by granulation in
order to increase the flow rate. This process is indicated to
improve the rheological and pharmaceutical characteristics
of these products,6,7 but in this case the difficulty is to se-
lect the adequate binder agent and the appropriate granulate
conditions, considering that the SDE is soluble in water and
the major active substances have unknown stability.

Eudragit E is a methacrylic ester copolymer broadly used in
a variety of pharmaceutical applications as a binder and as a
film coating to disguise taste and odor and to protect the drug
from external influences such as light, air, and moisture.8

Therefore, the use of Eudragit E as a granulation excipient
for an SDE may improve the compressional properties as
well as the moisture resistance of the resulting product.9

The purpose of this study was to investigate the feasibility
of using Eudragit E as a granulating agent for P niruri SDE
to obtain tablets containing high doses of this product.

MATERIALS AND METHODS

Materials

SDE

The SDE of P niruri with a standardized concentration of
gallic acid (12.33 mg/g) was prepared from an aqueous ex-
tract of P niruri aerial parts according to the method previ-
ously described.10 The aqueous extract was dried using a
Production Minor Spray Dryer (GEA, Copenhagen, Den-
mark) using Aerosil (300 mg/g) as a dryer adjuvant.
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Excipients

The excipients Eudragit E 100 (Rohm Pharma, Darmstadt,
Germany), Aerosil 200 (Degussa AG, Frankfurt, Germany),
and magnesium stearate (C Barcia SA, Madrid, Spain) were
used as received.

Preparation of Granules

The SDE was weighed and granulated with Eudragit E in
acetone solution in a 12.5 wt/vol percentage. This mixture
was thoroughly manually blended until an adequate consis-
tency for granulation was achieved and was then strained
through a sieve with a nominal aperture of 1 mm. The pre-
pared granules were dried in a circulating air oven at 25-C
for 2 hours. The dried granules were screened and stored.
Three formulations of granules were prepared, containing
2.5%, 5%, and 10% of Eudragit E in the final concentration
(Table 1).

Characterization of SDE and Granules

Apparent Densities (Bulk and Tapped Density)
and Carr’s Index

The bulk and tapped densities were measured in a 100-mL
graduated cylinder mounted on a mechanical tapping device
(J. Engelsmann AG, Ludwigshafen, Rhein, Germany). A
20-g sample was introduced into the cylinder and the initial
volume was recorded. Then it was tapped ~1250 times until
a constant volume was reached, and the final volume was
recorded.11 The bulk density was calculated as the ratio be-
tween the sample weight (g) and the initial volume (cm3) and
the tapped density as the ratio between the sample weight
(g) and the final volume (cm3). The compressibility of the
powder was calculated using Carr’s index (CI).12

Particle Size Analysis

The particle size analysis of the SDE was determined by an
optic microscope (model 1669, Getner, Ambala, India) us-
ing Feret’s diameter to measure the particles.13 The granule
sizes were determined in an automatic sieve shaker (Orto
Alresa HZ50, Madrid, Spain) using 1000-, 850-, 710-, 600-,

500-, 355-, and 250-μm sieves. The particles’ mean diam-
eter (Ø) was determined by the graphic method, plotting the
cumulative distribution curve and determining the diameter
equivalent to 50% of the particles.13

Scanning Electron Microscopy

The granule morphology was examined by scanning electron
microscopy (S440, Leica Microscopy and Scientific Instru-
ments Group, Heerbrugg, Switzerland).

Analysis of Gallic Acid in SDE and Granules

The gallic acid assay was realized through high-performance
liquid chromatography following the methodology described
by De Souza et al.14 The analysis was performed in a Shi-
madzu liquid chromatography machine (LC-10 AD) equip-
ped with an automated gradient controller (FCV-10 AL) and
a Shimadzu UV/VIS detector (SPD-10 A) (Shimadzu Scien-
tific Instruments Inc, Columbia, MD). The analytical column
was a RP-18 LiChrospher 250 × 4 mm internal diameter,
5-μm particle diameter (Merck, Darmstadt, Germany) pro-
tected with a precolumn of the same material. The chromato-
graphic method of separation was performed using a gradient
method: phosphoric acid 1% (wt/wt) as solvent A and acetoni-
trile:phosphoric acid 1% (wt/wt) (50:50 vol/vol) as solvent B,
at a flow rate of 0.6 mL.min–1. The gradient program was as
follows: 22%-24% B (7 minutes), 24%-40% B (10 minutes),
40%-100% B (8 minutes), and 100%-22% B (15 minutes).
The injection volume for all samples was 20 μL, and the
peaks were detected at 275 nm.

Preparation of Tablets

The granules, without sieving, were mixed with 0.5% mag-
nesium stearate (Turbula T2C, Willy Bachofen, Basel, Swit-
zerland, 60 rpm, 5 minutes). The tablets were prepared in a
J Bonals BMT eccentric press equipped (Cornellà de Llobre-
gat, Barcelona, Spain) with flat-faced 9-mm punches and a
data handling system.15 The press was set to produce 8 tab-
lets per minute, and the loading depth was adjusted to obtain
tablets with an SDE content of 250 mg.

The tablets were obtained following a 2 × 3 factorial de-
sign. The factors analyzed were compression force (1250 N
and 2500 N) and the Eudragit E proportions in granules
(2.5%, 5%, 10%).

Characterization of Tablets

Tensile Strength

The hardness of the 6 tablets from each formulation was
measured with an Erweka TB-2A apparatus (Erweka GmbH,

Table 1. Composition of Granules Formulation*

Formulation
Code SDE (g) Eudragit E (g) Acetone (mL)

ED 2.5% 97.5 2.5 20
ED 5.0% 95.0 5.0 40
ED 10.0% 90.0 10.0 80

*SDE indicates spray-dried extract; ED, granules.
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Hainburg, Germany). The tensile strength for each tablet
formulation was calculated using Equation 116,17:

TS ¼ 2 � P

π � D � t
ð1Þ

where TS is the tensile strength (N∙cm–²), P is the hardness
of the tablet (N), D is the tablet diameter (cm), and t is the
tablet thickness (cm). The tablet diameter and thickness were
measured with a digital micrometer (Mytutoyo Co, Tokyo,
Japan).

Total Porosity

The tablet total porosity was calculated from the granules’ true
density and tablet volume.18 The true density was measured
with a Quantachrome MPY-2 helium pycnometer (Odelz-
hausen, Germany).

Friability

The friability was determined with a Pharmatest PTF-E ap-
paratus (Hainburg, Germany) following the US Pharmaco-
peia (USP) 27 specifications.19

Dissolution Profile

The release of the SDE from the tablets was determined in a
Turu-Grau apparatus (Barcelona, Spain) in accordance with
the USP 27 specifications (method II, stirring at 100 rpm).
The dissolution medium was an enzyme-free artificial gas-
tric fluid.19 The analysis of the SDE content was performed
by direct spectrophotometry at 275 nm. The release was
characterized as the percentage of the SDE dissolved after
80 minutes (D80).

Moisture Sorption Assay

The SDE and granules (placed in Petri dishes) and tablets
(placed in open polystyrene bottles) were stored for 15 days
in desiccators with a controlled environment with a temper-
ature of 25-C and a relative humidity (RH) of 33% or 69%
obtained with a saturated solution of MgCl2.6H2O or KI,
respectively.20 The moisture sorption was determined by
gravimetric analysis. The samples were weighed within the
first 24 and 48 hours and then every 72 hours for 15 days.
The tensile strength, the friability, and the dissolution pro-
file of the tablets were studied to assess the influence of
moisture on the mechanical properties of the tablets. This
assay was performed with only the tablets containing gran-
ules with Eudragit E 10%.

Table 2. Characteristics of Phyllanthus niruri SDE and ED*

Characteristic SDE X ± s ED 2.5% X ± s ED 5.0% X ± s ED 10.0% X ± s

BD (g/cm3) 0.76a ± 0.01 0.41c ± 0.01 0.43c ± 0.01 0.51b ± 0.01
TD (g/cm3) 0.96a ± 0.01 0.48c ± 0.01 0.49c ± 0.01 0.58b ± 0.01
RD (g/cm3) 1.72a ± 0.01 1.54b ± 0.01 1.57b ± 0.01 1.57b ± 0.00
CI 20.22a ± 1.73 14.94b ± 2.12 12.17b ± 0.81 11.75b ± 1.29
Ø (μm) 10.55 785 825 850
Gallic acid content (mg/g) 12.33 ± 0.04 11.91 ± 0.05 11.99 ± 0.03 11.57 ± 0.05

*SDE indicates spray-dried extract; ED, granules; BD, bulk density; TD, tapped density; RD, real density; CI, Carr’s index; Ø, particle mean diameter.
Mean values in a line followed by the same letter did not differ significantly (Tukey test; P G .01).

Figure 1. Electronic microphotography of SDE and ED. SDE
indicates spray-dried extract; ED, granules.

Figure 2. Chromatographic profile of SDE and granules. SDE
indicates spray-dried extract.
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Statistical Analysis

The effects of the compression force and the proportion of
Eudragit E on the tensile strength and the release of SDE
(D80) from the tablets were investigated by a 2-way analy-
sis of variance (ANOVA), following a Tukey test to identify
differences among the groups.21 The calculations were per-
formed using the Statistical Package for the Social Sciences
(SPSS for Windows, version 11.0).

RESULTS AND DISCUSSION

Properties of SDE and Granules

The SDE used in this work, in accordance with USP 27
specifications, can be classified as a very fine powder with
a mean diameter of 10.5 μm (Table 2). This very small size
particle size may be responsible for the SDE’s deficient flow
properties, which is demonstrated by the CI of 20.22%.22

The granules clearly showed better micrometrical proper-
ties than the SDE did. No important differences of apparent

density were observed among the granules, but the CI value
demonstrated that granules with a higher proportion of Eu-
dragit E had a lower CI, which is related to better powder
bed stability and flow properties of the granules.22 Further-
more, granules with a higher proportion of Eudragit E had
enlarged granular diameters, which would explain their im-
proved flow properties.

Indeed, the process of granule formation is mainly controlled
by the Eudragit E, and its proportion within the formulation
could influence the granule size formation.9 We attempted
to obtain SDE granules without Eudragit E, instead using
only acetone as the granulating agent, but particle agglom-
eration was not possible, probably because not enough sol-
id bridges formed among the SDE particles.23

No significant difference was observed among the granules
regarding their real density (Table 2), but their real density
was significantly lower than the real density of SDE. Con-
sidering the real density of the SDE (1.72 g/cm3) and the
Eudragit E (0.81 g/cm3), the calculated real density of gran-
ules should have been 1.69, 1.66, and 1.62 g/cm3 for gran-
ules with proportions of 2.5%, 5.0%, and 10.0% Eudragit E,
respectively, but these values are higher than the experimen-
tal results. This fact suggests that some parts of the SDE
can be soluble in acetone and crystallize after drying. Many
factors may interfere with the true density of granules, mainly
related to the binder proportion, binder solution viscosity,
and solubility of formulation components.24

The electronic microphotography (Figure 1) indicates that
wet granulation did not change the shape of the original
SDE particles. Inside the granule it was possible to observe
the preservation of the spherical particles of the SDE.

The gallic acid analysis was performed to verify the content
of this substance in the granule as well as the existence of
an interaction between SDE and Eudragit E. The chromato-
graphic profile of the SDE shows 3 major peaks (Figure 2):
1, with a retention time of 6.5 minutes, was identified as gallic
acid and used as a control substance for the SDE.14 Identifi-
cation of the 2 other peaks was not possible, but some phar-
macology studies have demonstrated that gallic acid may be
one of the substances responsible for the therapeutic activity
of P niruri.1 The chromatographic analysis demonstrated

Figure 3. Phyllanthus niruri SDE, ED, and TED when stored at
25-C temperature and at 69% relative humidity. SDE indicates
spray-dried extract; ED, granules; TED, tablet.

Table 3. Mechanical Characteristics of the Tablets*

Tablet TS (MPa) X ± s Friability (%) Total Porosity (%) D80 (%) X ± s

ED 2.5% (2500) 1.19 ± 0.110 0.12 23.30 49.46 ± 0.79
ED 2.5% (1250) 0.66 ± 0.068 0.43 26.93 49.17 ± 2.44
ED 5.0% (2500) 1.26 ± 0.067 0.26 24.37 46.82 ± 1.42
ED 5.0% (1250) 0.59 ± 0.065 0.61 30.87 53.49 ± 3.67
ED 10.0% (2500) 1.17 ± 0.038 0.18 27.87 51.09 ± 2.58
ED 10.0% (1250) 0.55 ± 0.038 0.82 34.00 91.25 ± 2.47

*TS indicates tensile strength; D80, dissolution of the SDE after 80 minutes; ED, granules.
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that neither Eudragit E nor the granulation method changed
the chromatographic profile of the SDE, which confirms the
absence of any significant chemical interaction among the
formulation constituents. No change in the retention time of
the major peaks or the appearance of degradation products
was observed. The chromatographic profile of the granules is
identical to the chromatographic profile of SDE (Table 2).

The moisture sorption assay demonstrated that the SDE ex-
hibits a high sensitivity to moisture exposure (Figure 3).
When stored at 25-C at an RH of 69%, the SDE showed a
weight increase of almost 10% and became brownish and
agglomerated. When the granules were stored at an RH of
69%, all of them had a lower weight increase than the SDE,
but with different behavior. The granules with 2.5% Eu-
dragit E had picked up the same humidity as the SDE by the
second day of the experiment, but in the end, their moisture
content was lower than that of SDE. On the other hand,
granules containing 5% and 10% Eudragit E showed sim-

ilar behavior to each other, and their moisture content was
significantly (P G .05) lower than that of the granulate with
2.5% Eudragit E. Considering the particle agglomeration,
less water sorption than for the SDE was expected, but the
results demonstrated that in this case the smaller surface
area of the granule was not the only important factor; the
water sorption seemed to be also influenced by the propor-
tion of Eudragit.

Mechanical Properties of Tablets

The mechanical characteristics of the tablets are recorded
in Table 3. The total porosity shows some correlation with
tensile strength, friability, and D80, with correlation coeffi-
cients (r) of 0.8105, 0.9084, and 0.8122, respectively. In
spite of the low values of correlation, the statistical analysis
indicated a significant correlation (P G .05) between these
parameters. Generally, tablets with high porosity tend to have
low tensile strength, high friability, and consequently easier
release of their content because the porous bed allows a
higher uptake of water and consequently faster dissolution
of the solutes.25

The ANOVA demonstrated that both factors studied, com-
pression force and Eudragit proportion, significantly (P G
.05) influenced both responses studied, tensile strength and
D80. However, the factor that had more influence on the
tablets’ tensile strength was compression force (P = 2.01 ×
10−22). The increase of the compression force significantly
enhanced the tensile strength of the tablets (Figure 4). On
the other hand, higher Eudragit proportions tended to de-
crease the tablets’ tensile strength, but the influence of Eu-
dragit proportion (P = 0.03) was less significant than the
influence of compression force. This fact may be related to
the porosity of the tablets: higher Eudragit concentrations
may create tablets with a higher porosity.

The dissolution assay of the tablets (Figure 5) showed a slow
release of SDE. The formulation containing 10% Eudragit E
produced with 1250 N of force had a faster dissolution and
released more than 90% of the SDE within 80 minutes,
while the other formulations released less than 55% of the

Figure 4. Interaction between force and Eudragit E concentration
on tablets’ tensile strength.

Figure 5. Dissolution profile of the tablets in accordance with the
compression force. TED, tablet.

Table 4. Properties of the Tablets From Granules Containing 10%
Eudragit on Initial Conditions and After the Exposure to Different
Relative Humidity*

Relative
Humidity

Tensile Strength
(MPa) X ± s

Friability
(%)

Dissolution
Efficiency
(%) X ± s

Initial 0.77a ± 0.02 0.82 91.25a ± 2.48
33% 0.84a ± 0.05 0.84 97.20a ± 2.45
69% 0.54b ± 0.05 0.99 91.34a ± 4.45

*Mean values in the same row followed by the same letter did not differ
significantly (Tukey test; P G .01).
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SDE within this same time period (Table 3). However, the
ANOVA demonstrated that both factors studied and their
interaction significantly (P G .01) influenced the release time
of the SDE.

The tablets subjected to the moisture stability test originated
from formulations that contained granules (90% SDE and
10% Eudragit E) and 0.5%magnesium stearate and that were
compressed at 1250 N. This formulation showed the best
technological characteristics and the fastest SDE release.
The moisture sorption assay (Figure 3) demonstrated that
the tablets picked up moisture more slowly than the gran-
ules did, but at the end of the experiment the humidity con-
tent of the tablets was the same as that of the granules, so the
granules’ compression was not sufficient to reduce the final
moisture of the tablet.

The mechanical characteristics of the tablets subjected to the
moisture assay appear in Table 4. When the tablets were
stored at 25-C and 33% RH, the characteristics of the tab-
lets did not change significantly. On the other hand, when
stored at 25-C and 69% RH, the tablets had a significant
decrease of tensile strength, probably because of water sorp-
tion. However, the higher RH did not change the dissolu-
tion profile of the tablets (Figure 6).

CONCLUSIONS

The studies showed that the granules with Eudragit E as the
granulating agent presented better flowability and lower
moisture sorption behavior in comparison with the original

SDE. The mechanical properties of the tablets were depend-
ent on the Eudragit E proportion within the granules and the
compression force; therefore, a higher proportion of Eudra-
git E with a smaller compression force resulted in better re-
lease of the SDE from the tablets. Thus, the tablets produced
with granules containing 10% Eudragit E with a compres-
sion force of 1250 N were more adequate technologically.
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