World Journal of Pharmaceutical Sciences

ISSN (Print): 2321-3310; ISSN (Online): 2321-3086
Published by Atom and Cell Publishers © All Rights Reserved
Available online at: http://www.wjpsonline.org/

Original Article

Formulation and characterization of maltodextrin based proniosomes of cephalosporins

Preethy Cheriyan'*, Boby Johns George®, Noby Thomas', Praveen Raj*, Jeny Samuel*and Sr. Betty Carla®

"Department of Pharmaceutics, St. Joseph’s College of Pharmacy, Cherthala, Kerala, India
“Principal, St. Joseph’s College of Pharmacy, Cherthala, Kerala, India

Received: 16-12-2014 / Revised: 24-12-2014 / Accepted: 27-12-2014

ABSTRACT

Nowadays, vesicles have become the carrier of choice in drug delivery. Vesicular drug delivery reduces the cost
of therapy by improved bioavailability of medication, especially in case of poorly soluble drugs. They can
incorporate both hydrophilic and lipophilic drugs. In the present study efforts were taken to prepare
maltodextrin based proniosomes of cefuroxime axetil. A total of seven formulations were prepared, by varying
the surfactant-lipid loading in each formulation. Various evaluation techniques were employed in order to study
the performance of the preparations. The micromeritics properties of each preparation were analyzed and they
were also subjected to in vitro release study, kinetic data analysis, ex vivo permeation study, stability study etc.
From the results of entrapment studies, it could be concluded that the formulation PN4 which is having
surfactant: lipid concentration as 1:1 was the best formulation. The SEM image as well as the FT-IR spectrum of
the optimized formulation was taken. The mean particle range of proniosomes was between 10.23-22.25um.

Keywords: Cefuroxime axetil, Proniosome, Slurry method, in vitro drug release, ex vivo absorption study, SEM,
stability study.

INTRODUCTION product. Among the cephalosporins, cefuroxime

axetil belongs to second-generation antibiotic,
In the past few decades, considerable attention has having the broad spectrum of activity and is active
been focused on the development of new drug against B-lactamase producing strains. It is an ester
delivery systems (NDDS). Among them vesicular prodrug of cefuroxime. Its activity depends upon
drug delivery systems are of much importance. in-vivo hydrolysis and release of cefuroxime.
Various types of vesicular drug delivery systems Cefuroxime is rendered more lipophilic by
include, liposomes, niosomes, transferosomes, esterification of the C, carboxyl group of the
pharmacosomes, ethosomes, sphinosomes, molecule by the racemic 1-acetoxyethyl bromides,
colloidosomes, herbosomes, and cubosomes etc. thus enhancing oral absorption. Cefuroxime axetil
The approaches like provesicular drug delivery like is an orally active drug though its absorption is
proniosomes, layerosomes, ufosomes etc have also incomplete. Its bioavailability is only 25%. It is the
been developed which have better stabilities in axetil form of cefuroxime that is absorbed but
comparison to simple vesicular drug delivery when it is hydrolyzed to cefuroxime, its permeation
systems. In order to counteract the stability is low. So encapsulation of drug in vesicular
problems associated with niosomes (degradation by structures can be predicted to prolong the existence
hydrolysis or oxidation and sedimentation, of the drug in systemic circulation and perhaps
aggregation, or fusion during storage) proniosomes increase the bioavailability. Also some drugs, most
were developed. Proniosome - A dry niosome notably antibiotics, lose their potency in a
which could be easily hydrated to niosome before relatively short period when prepared in a liquid
use. Proniosomes are dry, free flowing, granular dosage form. To enhance the shelf-life of these
product which upon addition of water, disperses or drugs, manufacturers provide products to the
dissolves to form a multilamellar niosome pharmacy in dry powder form for constitution (or
suspension suitable for administration by oral or reconstitution) with purified water or special
other routes. The additional convenience of the diluent at the time a prescription or medication
transportation, distribution, storage and dosing order is received. Depending on the product, the
would make proniosomes a promising industrial dry powder may be stable for about 24 months.
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After constitution, the resultant solution or
suspension is stable in the quantities usually
dispensed, for the treatment period. In the present
study an attempt is made to develop, optimize and
evaluate  maltodextrin  based  proniosomes
containing cefuroxime axetil using selected
surfactant and studying there in vitro properties.

MATERIALS AND METHODS

Materials: Cefuroxime axetil was obtained as a
gift sample from Covalent Laboratories Pvt Ltd.
Cholesterol obtained Qualigens Fine Chemicals
Thermo Electron LLS India Pvt Ltd. Span 60
obtained from Chemdyes Corporation.Chloroform
and methanol from Nice chemicals Pvt Ltd.
Dialysis membrane for the study of in-vitro release
obtained from Hi media Laboratories Pvt Ltd India.
All other materials used and received were of
analytical grade.

Method of preparation and the evaluation of
proniosomes

Preparation of proniosomes: Proniosome
powders were prepared by using slurry method.
The composition of different proniosomal
formulations is represented in Table 1. In brief,
accurately weighed amounts of lipid mixture (1500
1M) comprising of span 60 and cholesterol at
various molar ratios (4:1, 3:1, 2:1, 1:1, 1:2, 1:3 and
1:4 respectively) and drug (250 mg) were dissolved
in 60 mL of solvent mixture containing chloroform
and methanol (2:1). The resultant solution was
transferred into a 600 mL round bottomed flask and
maltodextrin (1.5g) was added to form slurry. The
flask was attached to a rotary flash evaporator and
the organic solvent was evaporated under reduced
pressure at a temperature of 45 + 2 °C. After
ensuring the complete removal of solvent, the
resultant powders were further dried overnight in a
vacuum oven at room temperature so as to obtain
dry, free-flowing product. The obtained
proniosome powders were stored in a tightly closed
container at 4° C for further evaluation.

EVALUATION OF
PRONIOSOME POWDERS

PREPARED

a) Formation of Niosomes from Proniosome
Powders and Morphological Evaluation: The
formation and morphology of the niosomes was
evaluated by optical microscopy. The proniosome
powder was placed on a cavity glass slide and few
pl of water was added drop wise along the side of
the cover slip. The formation of vesicles monitored
through an optical microscope and
photomicrographs  were  taken.  For  the
morphological evaluation, proniosome powder was
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transformed to niosomes by hydrating with
phosphate buffer (pH 7.4) at 80°C using vortex
mixer for 2 min. The niosome dispersion was
placed over a glass slide and the vesicles formed
were observed at a magnification of 450x through
an optical microscope.

b)Micromeritic  properties of proniosome
powders: The flow properties of powder are vital
in handling and processing operations. The flow
properties were studied through measuring the
Angle of repose, Carr’s compressibility index and
Hausner’s ratio. The angle of repose was
determined by using conventional fixed funnel
method. The Carr’s compressibility index and
Hausner’s ratio were calculated from the bulk and
tapped density of the proniosome powders.

¢) Number of vesicles per cubic mm: One of the
important parameter to evaluate the proniosome
powder is the number of vesicles formed after
hydration. The proniosomes powder was subjected
to hydration with phosphate buffer (pH 7.4) and the
formed niosomes were counted by optical
microscope using haemocytometer. The niosomes
in 80 small squares were counted and calculated.

d) Vesicle Size: This is performed for
characterization of vesicle’s size and shape.The
proniosomal powders were hydrated with
phosphate buffer (pH 7.4) and subjected to bath
sonication for 3 min and the resultant dispersion
was used for the determination of size. Vesicle size
of niosomes were determined by using optical
microscopy method using calibrated optical
microscope (By Ocular and Stage micrometer)

e) Entrapment Efficiency: The prepared
cefuroxime axetil niosomes were separated from
unentrapped drug by centrifugation. In this method,
hydrated proniosomes were centrifugated at 14000
rpm for 5 minutes using the refrigerated centrifuge
and the supernatant were analyzed for free drug
content.

f) Drug Content: Proniosomes formulation
equivalent to 250mg of cefuroxime axetil was
taken into a standard volumetric flask. They were
lysed with 50ml propane-1-ol by shaking and 1ml
of the mixture subsequently diluted with phosphate
buffer (pH 7.4). The absorbance was measured
spectroscopically at 281nm and drug content
calculated from the calibration curve of cefuroxime
axetil in phosphate buffer (pH 7.4).

g) In vitro release study: In vitro release rate of
proniosomes, derived niosome dispersion was
carried out and the drug in ph 7.4 phosphate buffer
was used as a control. Initially the treatment of
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dialysis membrane (Hi media) was done by
washing in running water for 3-4 hours to remove
glycerin. Then it was washed in boiling water at
60°C for 0.5 hours. Finally the membrane was
rinsed with water and stored in phosphate buffer
pH 7.4. Then 2ml of niosomal dispersion was
placed inside the pretreated dialysis membrane, tied
at both the ends. It was then transferred to a beaker
containing 100ml of phosphate buffer with 50%
methanol. The assembly was stirred on a magnetic
stirrer at 37°C. 1ml samples were withdrawn at
fixed intervals and replaced with equal volume of
fresh media. The samples withdrawn were analyzed
for drug UV spectroscopy.

h) Drug release kinetic data: In order to
understand the Kkinetic and mechanism of drug
release, the result of in-vitro drug release study of
niosomes were fitted with various kinetic equation
like zero order (cumulative % release vs. time),
first order (log % drug remaining vs time),
Higuchi’s model(cumulative % drug release vs.
square root of time). r* and k values were
calculated for the linear curve obtained by
regression analysis of the above plots. The data was
also subjected to Peppa’s kinetic model by plotting
log % cumulative drug released Vs log time plot.

i) Solid state characterization

Scanning electron microscopy (SEM): The
surface characteristics of the maltodextrin and
proniosome powder was investigated by scanning
electron microscope (SEM) (S-4100, Hitachi,
Japan). Samples were fixed on a brass tub using
double sided adhesive tape and were made
electrically conductive by coating with a thin layer
of gold and SEM images were recorded at 15 kev
accelerating voltage.
Fourier transform
spectroscopy:

infrared (FT-IR)
Infrared spectrum of optimized
proniosome powder formulation (PN4) was
obtained  using  FT-IR  spectrophotometer
(shimadzu) by the conventional KBr pellet method.
The scanning range was 4000-500 cm™ and the
resolution was 4 cm™.

j) Ex-vivo permeation studies: The absorption
study of proniosomes formulation was done by
everted sac method . The small intestine of chicken
was taken,; it was washed with phosphate buffer pH
7.4, 6-7 times. Then the intestine was everted using
a smooth everting rod. It was then cut into 4-6cm
pieces. One end of the intestine pieces was tied
with thread, then 1ml of fresh buffer pH 7.4 was
introduced in the intestine, and the other end was
also tied. The intestine pouch was put in a beaker
50ml of niosomal dispersion (proniosome powder
hydrated with phosphate buffer pH 7.4) equivalent
to 2 mg of drug which is oxygenated continuously.
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At predetermined time intervals, an aliquot of 1 ml
was collected and replenished with equal volume of
medium. The samples were treated with an equal
volume of methanol, centrifuged and the
supernatant was quantified for cefuroxime axetil
using UV spectroscopy.

k) Permeation data analysis: The cumulative
amount of drug permeated (Q) was plotted against
time. The steady state flux (Jss) was calculated
from the slope of linear portion of the cumulative
amount permeated per unit area vs. time plot.

I) Stability studies: The three formulations; PN3,
PN4, and PN5 were stored in glass vials covered
with aluminum foil were kept at refrigerated
temperature (2-8%), room temperature and 40°%
(75%RH) as three different groups. Stability
chamber was used for the third group. At definite
time intervals (0, 30, 60 and 90 days), samples
were withdrawn and hydrated with phosphate
buffered saline pH (7.4) and observed for any sign
of drug crystallization under optical microscope.
Further the samples were also evaluated for %
retention of cefuroxime axetil.

m) Test of significance:
analyzed for significant difference between
retention patterns of drug in three different
proniosomal formulations on storage. The test
value showed no significant difference (P>0.05)
between the stability data of formulations from
each other.

The stability data

RESULTS AND DISCUSSIONS

Despite the advantages, niosome dispersions suffer
from stability problems like aggregation,
hydrolysis, drug leakage and production scale up.
In this perspective, proniosome approach has
resolved many stability issues pertaining to
aqueous niosome dispersions. The stability of the
vesicles formed after hydration with gastric fluids
is also equally important for achieving maximum
therapeutic  benefit from the proniosomes
formulations. In this regard several strategies have
been employed to improve the stability of the
vesicular systems. Cholesterol is the common
additive used as a structural lipid to improve the
stability and entrapment efficiency of vesicular
formulations. The morphology and stability of the
niosomes is by and large dependent on the
concentration  of  nonionic  surfactant and
cholesterol and any alteration in their composition
leads to disruption of vesicles which leads to
leakage of free drug before drug diffusion and
fusion of vesicle with gastrointestinal membrane .
Keeping this in view, the effect of cholesterol was
investigated by varying the composition of span 60
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to cholesterol ratio keeping the total lipid constant
at 3000uM. The different span types have the same
polar head group with varied alkyl chain and
highest entrapment could be observed with an
increase in phase transition temperature of span .
The phase transition temperatures for span 20, 40
and 60 are 16, 42 and 53 °C, respectively and span
80 having the lowest phase transition temperature
at 12 °C. Due to the high phase transition
temperature, span 60 was used in our study to
facilitate stable vesicle formation and to improve
the oral delivery of cefuroxime axetil from
proniosomes.The formation and morphology of the
niosomes was evaluated by optical microscopy.
The niosome dispersion was placed over a glass
slide and the vesicles formed were observed at a
magnification of 450x through an optical
microscope and photomicrographs were taken.The
formation of niosomes from proniosome powder
was spontaneous as evident from figures. Initially
we could notice the formation of vesicular
structures on the surface of maltodextrin which is
due to the swelling of nonionic surfactant bilayer
and thereby upon gentle agitation they have been
transformed into multilamellar vesicles acquiring
spherical shape.Our results indicate small angle of
repose (<30°) assuring good flow properties for
proniosome powder formulations. In addition to
angle of repose, Carr’s index and Hausner’s ratio
were also less than 21 and 1.25, respectively
ensuring acceptable flow for proniosome powder
formulations. The results are shown in Table 2. The
maximum  benefit from the  proniosome
formulations can be speculated when abundant
numbers of vesicles are formed after hydration in
the gastrointestinal tract. Among all the
formulations, the  proniosome  formulation
containing span 60 and cholesterol at a ratio of 1:1
(PN4) has exhibited good number of vesicles which
is in well correlation with the size and entrapment
efficiency results.Vesicle size and size distribution
is an important parameter for the vesicular systems.
The mean size of the vesicles was in the range of
10-23 pm. Further, the results also reveal that the
entrapment efficiency is dependent on the
composition of niosomes. Addition of cholesterol
to the formulation seemed to increase the
entrapment efficiency from PN1 to PN4. Also the
rigidity thereby the stability was also increased.
The increase in entrapment efficiency with addition
of cholesterol could be explained by the fact that
cholesterol was intercalated into the bilayers,
thereby preventing the leakage of the drug through
the bilayers. The permeability of the vesicles are
decreased leading to the effective intercalation of
hydrophobic drug within the hydrophobic core of
the bilayer with an enhanced drug pay load. But a
decline in the entrapment efficiency (PN5-PN7)
beyond a certain cholesterol level could be
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attributed to the reason that when cholesterol is
increased beyond the saturation limit, all the
available spaces between the bilayers are filled up
with the hydroxy moiety of cholesterol.

Drug content: The drug content in all the seven
formulations were analyzed and are included in
Table 4. The results were found to be satisfactory
with the optimized formulation, PN4 giving 85.3%
drug content, which was the highest value of all
other formulations.

In vitro release study: The release study was
conducted for all the seven formulations. Most of
the formulations were found to have a linear release
and the formulations were found to provide
approximately 80% release within a period of 24
hours. Cholesterol, which has a property to abolish
the gel to liquid transition of niosomes, this found
to prevent the leakage of drug from the niosomal
formulation. The slower release of drug from
multilamellar vesicles may be attributed to the fact
that multilamellar vesicles consist of several
concentric sphere of bilayer separated by aqueous
compartment. The best formulation F4, was found
to give a cumulative release of 88.58% over a
period of 24 h.The zero order plots of formulations
were found to be fairly linear as indicated by their
high correlation values. Therefore, it was
ascertained that the drug release from all the
formulation followed either near zero or zero order
kinetics. Correlation values of Higuchi’s plot were
in between 0.875 to 0.962 which revealed that the
mechanism of drug release is diffusion. From the
results we can conclude that the drug was released
from niosome by a zero order diffusion controlled
mechanism. The in vitro kinetic data subjected to
log % drug remaining Vs time plot (peppa’s
model), all the value ranges from 0.914 to 0.952
revealed the fact that the drug release follows a
diffusion mechanism.

Solid state characterization: The molecular
interactions between drug and carrier were studied
using Scanning electron microscopy and Fourier
transform infrared spectroscopy. Maltodextrin was
selected as a carrier for proniosomes powders. It is
evident from the SEM images that the maltodextrin
possess porous surface with high surface area
which enables it to be used as an efficient carrier
for the lipid loading. Further the SEM images
reveal the absence of native crystalline structures of
cefuroxime axetil in the proniosome powder.

FT-IR spectrum of proniosome: The FT-IR
spectra of cefuroxime axetil, maltodextrin, span 60
and optimized proniosome formulation (PN4) were
taken. The pure cefuroxime axetil exhibit
characteristic peaks at the —NH stretching peaks
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around 3400, aromatic H 2818-3000, Ketone C=0
(acid) around 1734-1785, aromatic CH bending at
1580-1600, other aromatic bending were observed
at 1060-700. All these peaks have appeared in
proniosome formulation(PN4) at 3409.37cm-1(-
NH stretching), 2919.81 cm-1, 2850.92 cm-
1(aromatic H), 1738.02 cm-1 (Ketone C=0
),1099.70 cm-1, 883.39 cm-1, 72240 cm-1
(aromatic bending). This indicate no chemical

interaction between cefuroxime axetil,
maltodextrin, cholesterol and span 60.
Ex-vivo Permeation Studies: It has been

documented that in dissolved condition, the
hydrolysis of the Cefuroxime axetil occurs, and it
gets converted into the Cefuroxime and the
absorption of the Cefuroxime as such is negligible.
It is the axetil form of the Cefuroxime that is
absorbed. But when the drug is entrapped in the
vesicles, it can easily cross the membrane in-vivo,
protect the drug from acid environment and
additional mechanism apart from phagocytic
uptake which occurs thereby enhancing the drug
absorption. Hence it can be ascertained that it is
the drug in vesicles that are permeated across the
intestinal segment. The flux across the intestine
was found to be greater for the formulation PN4
and the cumulative amount of drug permeated was
22.98% for the same. The cumulative amount
permeated (CAP) across the intestine was
calculated and represented in fig.9. The
remarkable improvement in the permeation can be
owed to the combination of several mechanisms: (i)
presence of nonionic surfactant could obviate the
barrier function due to the fluidization of the
intercellular lipid bilayer; (ii) better membrane
contact and permeation enhancement property of
the non-ionic surfactants might have led to altered
permeability characteristics of the membrane which
otherwise result in improved partitioning of the
drug into the bilayer; (iii) direct transfer of vesicles
across the epithelial membrane. Thus it can be
summarized that , proniosomes are the promising
carriers for improved absorption of cefuroxime
axetil across the biological membrane.

Stability Study: Physical stability was carried out
to investigate the leaching out of Cefuroxime axetil
from niosomes. Three formulations; PN3, PN4, and
PN5 were kept at refrigerated temperature (2-8%),
room temperature and 40°% (75%RH) as three
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different groups. Stability chamber was used for
the third group. The group which kept at
refrigerated temperature showed promising results
of 95% drug retained after 90 days,the group which
is kept at room temperature gave 83% drug
retained and the group which is kept at 40°c,75%
RH gave only 75% drug retained after 90 days. So
the best three formulations kept at refrigerated
temperature for a period of three months gave best
results for storage and stability. From this it can be
concluded that vesicles are stable enough to store
under refrigeration temperature with least leakage.

Test of Significance: The stability data analyzed
for significant difference between retention patterns
of drug in three different proniosomal formulations
on storage. The test value showed no significant
difference (P>0.05) between the stability data of
formulations from each other.

CONCLUSION

The results of all this investigation conclusively
demonstrate prolongation of drug release at a
constant and controlled rate, after encapsulation of
cefuroxime axetil. This study suggests that
niosomal formulation can provide consistent and
prolonged release of cefuroxime axetil from
different niosomal formulations. It will lead to
sustained action of the entrapped drug that reduce
the side effects associated with frequent
administration of the drug and potentiate the
therapeutic effects of the drug. This may also
provide the high absorption inside the lumen and
the same may be expected even in blood
circulation. The dry granular proniosomes which
has been anticipated to provide improved stability
as compared to conventional vesicular delivery
systems in terms of aggregation, leakage etc. For
the better efficacy of the formulation refrigeration
of the product is necessary. The future scopes for
the work are the microbial as well as in vivo
studies.
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Figure 1: Prepared proniosome powder.

Figure.2: Photomicrographs of cefuroxime axetil niosomes in a dry glass slide

Figure.3: Percent cumulative drug release Vs time plot of in vitro drug release
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Figure.4: Zero Order Kinetic Data Analysis Plot

Zero order kinetic data analysis
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Figure.7: SEM images of pure maltodextrin powder and optimized proniosomes
powder(PN4) (a),(b)- maltodextrin (c),(d) — proniosomes powder
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Figure 9: Cumulative amount of drug permeated Vs time plot
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Table 1: Composition of cefuroxime axetil loaded maltodextrin based proniosome powders

Formulation | Drug (mg) | Carrier(g) Span 60:Cholesterol Span 60(mg) | Cholesterol
(1 mol) (mg)
PN1 250 1.5 1200:300 516.74 116.00
PN2 250 1.5 1125:375 484.45 144.99
PN3 250 1.5 1000:500 430.62 193.33
PN4 250 1.5 750:750 322.97 289.99
PN5 250 1.5 500:1000 215.31 386.65
PN6 250 1.5 375:1175 161.48 434.98
PN7 250 1.5 300:1200 126.19 463.98

1 g of carrier per 1 mM of total lipid. Each formulation contains 250 mg of cefuroxime axetil

Table 2: Micromeritic properties of various proniosome powder formulations

Formulation Angle of repose (h) Compressibility index Hausner’s ratio
MALTODEXTRIN 36.13+0.12 19.34+0.43 1.24+0.39
PN1 31.8+0.16 12.23+0.14 1.15+0.05
PN2 30.11+0.03 12.32+0.22 1.14+0.08
PN3 29.25+0.21 10.72+0.25 1.12+0.14
PN4 27.4740.32 9.96+0.22 1.11+0.33
PN5 26.57+0.31 10.71+0.09 1.12+0.44
PN6 26.05+0.29 11.61+0.16 1.13+0.23
PN7 28.01+0.25 8.3310.11 1.01+0.43

*Average of three determinations + SD.

Table 3: Physico-chemical characterization of various proniosome powder formulations

Formulation Size(u m) Entrapment efficiency (%) No. of vesicles per mm® x10°
PN1 10.23 94.59 1
PN2 13.50 94.78 2
PN3 11.00 96.28 3
PN4 10.40 98.48 6
PN5 13.30 97.30 1
PN6 14.12 95.79 3
PN7 22.25 92.84 4

Table 4: Drug content in various formulations

Formulation Asorbance Concentration (ug) Drug Content (%)
PN1 0.0192 0.3848 96.15
PN2 0.0189 0.3776 94.32
PN3 0.01908 0.3816 95.08
PN4 0.0187 0.3744 93.52
PN5 0.0184 0.368 92.01
PN6 0.0181 0.360 90.01
PN7 0.0187 0.3743 93.58
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Table 5: Cumulative drug release of various formulations in in- vitro release study
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S.No. Time in hrs Cumulative drug released(mg)
PN1 PN2 PN3 PN4 PN5 PNG6 PN7
1 0.5 0.015 0.011 0.013 0.019 0.017 0.012 0.010
2 1 0.021 0.018 0.019 0.029 0.025 0.025 0.017
3 2 0.029 0.028 0.0269 0.042 0.0386 0.0369 0.0333
4 3 0.032 0.029 0.0289 0.0438 0.0484 0.0381 0.0373
5 4 0.034 0.035 0.031 0.0514 0.0536 0.0423 0.0394
6 5 0.046 0.037 0.051 0.0589 0.0609 0.0542 0.0464
7 6 0.053 0.0435 0.066 0.0647 0.0725 0.0574 0.0525
8 7 0.062 0.0439 0.078 0.0825 0.0843 0.0677 0.0609
9 8 0.069 0.051 0.087 0.0982 0.0909 0.081 0.068
10 24 0.27 0.247 0.287 0.2949 0.283 0.269 0.264
Table 6: Permeation flux of different formulations
Time(Minutes) Permeation flux pg/ml/min’®
PN3 PN4 PNS
10 0.196 0.372 0.099
20 0.191 0.421 0.1435
40 0.1190 0.372 0.112
60 0.1313 0.298 0.1494
100 0.119 0.204 0.120
120 0.119 0.192 0.1107
Table 7: Test of Significance
Formulations PN3-PN4 PN4 -PN5 PN5-PN3
P-VALUE 0.13 0.135 043
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