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ABSTRACT
Solid lipid nanoparticles (SLN) loaded with Bacoside were prepared by microemulsion probe sonicator method.
Solid lipid nanoparticles (SLNs) have been proposed as suitable colloidal carriers for delivery of drugs with limited
solubility. Bacoside as a model drug was incorporated into SLNs prepared from stearic acid using Tween 80
emulsifiers. SLNs in the rage of 33.3-257nm.with mean particle size of 56 nm was obtained. The characteristics of
the SLNs with various lipid and surfactant composition were investigated. The mean particle size of drug loaded
SLNs decreased upon mixing with Tween 80 as well as upon increasing total surfactant concentration. The zeta
potential of these SLNs varied in the range of –25 to –26 (mV), suggesting the presence of similar interface
properties. High drug entrapment efficiency of 74.1% revealed the ability of SLNs to incorporate a poorly watersoluble drug such as bacoside. In vitro drug release study showed upto 84.68% drug release from Solid lipid
nanoparticles. The drug release from Solid lipid nanoparticles follows zero order kinetics of drug release.
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INTRODUCTION
Present work deals with understanding of rational
drug delivery i.e. to deliver the drug in proper way so
that maximum amount of drug will be available for
Absorption. Bacoside obtained from Bramhi (Bacopa
Monniera) mainly used in Brain disorder and memory
related disorder which is dose dependant Inhibitor of
(14)
Acetylcholine esterase (AChe) .
Acetylcholineesterase is a enzyme which metabolises
a neurotransmitter Acetylcholine. Bacoside also aid in
repair of Damaged neurons by enhancing kinase
activity,neuronal synthesis and restoration of synaptic
(44)
activity and ultimately nerve impulse transmission .
Bacopa monniera (Bramhi ) is amongst those plants
which commonly grows in marshly areas in India ,It
has been reported that the plant is used in traditional
ayurvedic treatment for epilepsy, improvement of
memory and inteluatl activity(34). The pharmacological
effects of Bacopa monniera are attributed to the
presence of a number of biologically active
compounds, including alkaloids, saponins and sterols.

The compounds responsible for the memory
enhancing effects of Bacopa monniera are
triterpenoid saponins called "Bacosides",
Bacoside mainly given by oral route, But due Blood
brain barrier the drug is unable to reach its site of
action. Hence drug delivery system which is able to
cross blood brain Barrier is required for
administration of bacoside and for its maximum
bioavailability at site of action. Recently Solid lipid
nanoparticles (SLNs) have been exploited as probable
possibilities as carriers for drug delivery to CNS due to
(30)
their smaller size and lipid solubility
. They are
considered to be a better alternative than liposomes,
(11)
polymeric nanoparticles, and microemulsion . Solid
lipid nanoparticles (SLN) are at the forefront of the
rapidly developing field of nanotechnology with
several potential applications in drug delivery and
(40)
research
. Due to their unique size dependent
properties, lipid nanoparticles offer possibility to
develop new therapeutics. The ability to incorporate
drugs into nanocarriers offers a new prototype in
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drug delivery that could use for drug targeting. Hence
solid lipid nanoparticles hold great promise for
reaching the goal of controlled and site specific drug
delivery and hence attracted wide attention of
researchers. This review presents a study of solid lipid
nanoparticles of Bacosides discussing their aims,
production procedures, advantages. Appropriate
analytical techniques for the characterization of SLN
like photon correlation spectroscopy, scanning
electron microscopy, UV spectroscopy were used.

MATERIAL AND METHOD
PART-I.EXTRACTION AND CHARACTERIZATION OF
PLANT MATERIAL (Kahol et al., 2003)
The fresh leaves of Bacopa monniera were collected
from Town Hall Garden, Kolhapur, Maharashtra in the
month of June 2012. The plant was identified at the
department of Biotechnology Kits College of
Engineering, Kolhapur, Maharashtra, India. The
freshly harvested herb Bacopa monniera was
thoroughly washed with tap water followed by
distilled water, shade dried, crushed in a disintegrator
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to obtain ground powder and stored in air tight
bottles. 44 gram of shade dried powder of plant was
filled in the thimble and extracted with hexane
solvent in a modified soxhlet apparatus to remove
lipid from the herb. The Hexane extract will be
removed from the soxhlet apparatus when the
solution in the side tube of apparatus become almost
clear and powder left in the apparatus will be
collected and dried. The dried herb powder was
extracted with acetone for a time period 4 to 8 hours
to obtain an acetone extract containing unwanted
colour and non-bacoside constituents and dried the
herb. The dried herb was extracted with methanol to
obtain a methanol extract containing bacosides. The
methanol extract was concentrated under vacuum
evaporator. This concentrated methanol extract was
added gradually to acetone with stirring to effect
preferential precipitation of bacosides. The bacosides
were filtered in a Wattman filter paper to obtain a
bacoside residue. This bacoside residue was dissolved
in distilled water to obtain an aqueous solution. %
yield of bacoside was calculated by formula,
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Percentage Yield=Weight of crude extract/Weight of dried plant x 100
1. Thin layer Chromatography of Bacopa Extract
Thin layer chromatography is a technique mostly used
for analytical purpose in this technique stationary
phase is supported with glass plate or aluminium foil.
The plate is coated with fine particle of an absorbent
such as alumina or silica gel as a thin layer of about
0.2 mm thickness. The solute components get
separated due to their different migration rate the
separation mechanism is adsorption The Rf value is
calculated by using ratio of linear distance of solute
from the starting line and linear distance of mobile
phase.
METHOD:
The extract or the isolated bacoside dissolved in
methanol and spotted over silica gel G plates.
The plates were eluted in n-butanol: acetic acid:
water (36:6:8) Then the TLC plates were sprayed with
sulphuric acid (20%) in methanol. Distance travelled
by sample and solvent was measured.
The Rf value calculated by formula-

Rf value= Distance travelled by sample/Distance
traveled by solvent
Standard Rf value for bacoside A=0.67
2. IR SPECTROSCOPY OF BACOSIDE
IR spectroscopy of Bacoside was performed by using
FTIR spectrophotometer (JASCO FTIR 410). Spectra
were scanned over the wavelength region of 4000 to
-1
400cm . The procedure consisted of dispersing
sample in KBr and compressing in to discs by applying
a pressure of 5 tons for 5 min in a hydraulic press (KBr
pellet method). The pellet was placed in the light path
and the spectrum was obtained.
3. High Performance Liquid Chromatography of
Bacoside Extract
The bacoside rich extract was subjected to HPLC to
estimate Bacoside A .100mg of extract was dissolved
in 25 ml of methanol by sonication and made up to 50
ml with methanol and filtered through 0.22 µ syringe
filter. Bacoside from Natural remedies Bangalore was
used as standard. Mobile phase was prepared by
using two solvent systems; solvent A was prepared by
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dissolving 0.136gm of unhydrus potassium
dihydrogen
orthophosphate
and
0.5ml
of
orthophosphoric acid in 900ml of HPLC grade water
and by making volume up to 1000ml with water.
Solvent B was acetonitrile. The HPLC of bacoside was
done by SHIMAZDU HPLC system having photo diode

array detector. System was equipped with pinnacle
DB C18 column (250mmX 4.6mm from restek part
no.9414575). Scanning wavelength and flow rate
were adjusted at 205nm and 1.5 ml /min respectively.
Total run time was 45 min.

PART-II: PREPARATION AND CHARECTERISATION OF
BACOSIDE SOLID LIPID NANOPARTICLES

appeared clear. An aqueous phase was prepared by
dissolving polysorbate 80 in distilled water (sufficient
to produce 100 ml of preparation) and Hot aqueous
phase was added to the oil phase, and constant
stirring is carried out (at 2,100 rpm and temperature
70°) using lab stirrer. Coarse hot oil in water emulsion
so obtained was ultrasonicated using for 12 min.
Bacoside lipid nanoparticles were obtained by
allowing hot nanoemulsion to cool to room
temperature.

METHODS
1. Preparation of Solid lipid Nanoparticles.
SLN were prepared by using pre-emulsion sonication
method. For preparing pre-emulsion the amount of
drug was kept constant while the quantities of lipid,
surfactant were varied. The stearic acid was heated to
at least 10˚ above its melting point. Bacoside was
dissolved in the melt of lipid by stirring until the melt
Table No.1
Batch no

Drug in gm

1
2
3
4

1
1
1
1

EXPERIMENTAL DESIGN
Lipid in gm
Surfactant (%)
2
1
1
1.5

Qs
Qs
Qs
Qs

The instrument measures the fluctuations in light
intensity due to the Brownian motion of the
particles in order to deduce the particle size. The
measurable size ranges from 2-3 [nm] to 500[nm]
– 1 micrometer.
iii) Zeta Potential Measurement.
The zeta potential was measured by using
ZetaSizer Nano ZS (Malvern Instruments) having
zeta cells, polycarbonate cell with gold-plated
electrodes and using water as medium for sample
preparation. The Henry equation is then used to
calculate the zeta potential, z,
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2. Characterisation of bacoside solid lipid
nanoparticles
Nanoparticles are characterized by using different
methods mainly from materials science.
i)Surface Morphology:
Surface morphology was analyzed by using Jeol
Scanning Electron microscopy INSTRUMENT JSM6360 at X10, 000 to X30, 000 magnification.
ii) Particle size Analysis.Particle size analysis was carried out using Particle
size analyzer (Malvern Instrument).

0.5
1
1.5
0.75

Water
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Where Ue is the electrophoretic mobility,
medium,
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is the dielectric constant, η is the absolute zero-shear viscosity of the

is the Henry function and ka is a measure of the ratio of the particle radius to the Debye length.

iv) Encapsulation efficiency and Drug content.
a) Encapsulation Efficiency
For encapsulation efficiency freeze dried sample of
SLNs was dissolved in methanol and ultra centrifuged
for 30 min at 15000 rpm.and the amount of Bacoside

entrapped within the Solid lipid nanoparticles was
determined by UV-visible spectrophotometer.
With known initial known concentration of drug
amount of free drug will be determine
Bacoside (Encapsulation) = Bacoside (total)Bacoside(free)

Where, E (%) = Percentage entrapment efficiency.
b) Drug Content:
The total drug content given by following formula and this indicates the amount of Bacoside encapsulated in the
Solid lipid nanoparticles.

3. In Vitro drug release study from solid lipid
Nanoparticles.

a) CHARACTERISATION OF BACOSIDE:
1) Bacoside extract yield% yield of bacoside % yield = Weight of crude extract / Weight of dried
plant x 100
Where weight of crude extract- 5.4 gm
Weight of dried plant material-60 gm
2) TLC of Bcoside:
Rf value= distance traveled by sample/distance
traveled by solvent
Distance travelled by sample= 5.6 cm
Distance travelled by solvent= 8.2 cm
Thus, Calculated Rf value = 5.6 / 8.2 = 0.68 which is
approximately equals to standard Rf value of bacoside
A (0.67), Therefore, We confirmed the presence of
bacoside A in extract.
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% yield of bacoside extract = 4.2/44 ×100 = 9 .54%
In vitro release study was performed on suspension of
nanoparticles within 24 hr of preparation. 1 ml of
dispersion was transferred to a dialysis tube and the
sealed tube was introduced into a vial containing 10
ml of a phosphate buffer solution (pH 7.4). Samples
were shaken horizontally in a shaker at 37±1 ◦C and
50 strokes per minute. At predetermined time
intervals, 2ml sample of the medium was taken and
replaced with the same amount of fresh medium. The
amount of Bacoside released from the SLN was
quantified by UV spectrophotometer.

RESULT
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3. FTIR SPECTROSCOPY
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Graph No.1 FTIR SPECTRUM OF TEST BACOSIDE A SAMPLE
The IR spectrum of test Bacoside sample shows peaks at 3422.48 ,2855.07,2072.46 ,1626.81,1451.70
,1382.16,1306.29,1284.41,1262.93 ,1212.33,1075.07 ,1031.70 respectively .which are identical with standard
Bacoside A spectrum.
Hence IR spectrum of test Bacoside A is identical with standard Bacoside A
4) HPLC OF BACOSIDES

Graph No.2 HPLC Spectrum of Bacoside A
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Assay (% w/w) of Bacoside A =56.64%
Hence Percentage purity of Bacoside A was found to be- 56.64%
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b) CHARECTERISATION OF BACOSIDE SOLID LIPID NANOPARTICLES.
i. Scanning Electron Microscopy:
SEM of the nanoparticles showed a spherical shape of the dispersed particles. Figures (1a & 1b) show the
Bacoside solid lipid nanoparticles.

Fig:A

Fig:B
mean particle size. This increase in particle size with
increasing lipid concentration may be due to the
reduction of homogenization efficiency with
increasing dispersed lipid phase as shown in Table 1
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ii.Particle size measurement:
The table no 1 represents mean particle size for all
the prepared batches of SLNs the particle size is in
range from 53.4 nm to 257.1 nm. Increasing the lipid
content in the prepared SLNs resulted in increased
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Table No.2: Mean particle diameter
BatchNo
1
2
3
4

Drug in gm

Stearic acid in gram

Tween 80

1
1
1
1

2
1.5
1
1.5

0.5
1
1.5
0.75

Mean Particle diameter
273.1
106.
53.4
203.6

iii. Zeta Potential Measurements.
aggregate, therefore the greater the zeta potential,
Zeta potential is an important and useful tool to
the more likely the suspension to be stable. Usually
indicate particle surface charge, which could be used
particle aggregation is less likely to occur for charged
to predict and control the stability of colloidal
particles with high zeta potential due to electric
suspensions. Since charged particles repel one
repulsion. Lipid nanoparticles are generally negatively
another and thus overcome the natural tendency to
charged on the surface.
Table No. 3: Average zeta potential
Batch No
Drug in gm
Stearic acid in gram Tween 80
Average Zeta Potential
1
2
3
4

1
1
1
1

2
1.5
1
1.5

0.5
1
1.5
0.75

The zeta potential of Prepared Solid lipid Nanoparticle
was found to be in the range of -26.29 mv to -25.38.
The –ve sign indicates that Prepared SLN has negative
charge.Because of negative charge on their surface

- 26.29
-25.75
-25.38
-26.12

they repel each other and hence prevent
agglomeration,aggregation and which leads to
increased stabity of SLN.
iv) Entrapment efficiency and Drug content

Table No.4: Entrapment efficiency and Drug content
Batch No

Drug in gm

Stearic acid in gram

Tween 80

Entrapment efficiency (%)

1
2
3
4

1
1
1
1

2
1
1
1.5

0.5
1
1.5
0.75

61.17
55.58
74.1
51.59
i.

In vitro drug release study from solid lipid
nanoparticles.
Batch No. 3: with high drug loading capacity was
used for in vitro drug release study.
Note: Total amount of Bacoside nanoparticles
containing 500 mg of Bacoside was dissolved in 5ml of
distilled water and 1 ml of dispersion was used for
analysis.
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As shown in Table No. 4. It was found that surfactant
concentration has direct effect on Entrapment
efficiency and drug content with higher concentration
it increases.

Drug content
mg/mgof
Nanoparticles
0.111
0.108
0.139
0.094
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Graph 3 : Percentage drug release from Solid liid nanoparticles.
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Application of kinetic models to find out order of reaction:
Graph 4: Zero order kinetics
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Graph 5: First order kinetics
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Graph 6: Higuchi Equation
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Graph 7: Korsmeyer -peppas eqution

Korsmeyer -peppas eqution
2
log % drug release

R² = 0.893
1.5
1
0.5
0
0

0.5

1

1.5

log time

Table 5: R2 value for drug release
2
Order of release kinetics
R
Zero order
0.996
First order
0.075
Higuchi equation
0.917
Korsmeyer –pappas equation 0.895
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Hence, affter applying and analyzing data of kinetic models on drug release it was found that the given
formulation follows zero order kinetics of drug release

2. DISCUSSION
The dried areal parts of plant were used for extraction
and extracted first with hexane to remove unwanted

lipids, plant waxes. It was done as it removes large
amount of impurity present in the plant material and
which can cause error if not removed initially. Second
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it was extracted with acetone for decolourisation
which removes chlorophyll which should be removed
essentially. Finally extracted with methanol which is
known as solvent for Bacoside. The methanol soluble
part contains Bacoside which was recovered by using
vaccum evaporation.
Then the bacoside was analysed with thin layer
chromatography and Infrared spectroscopy for
identification and authentication purpose which
confirmed authentic Bacoside. By using High
performance liquid chromatography percentage
purity of Bacoside was calculated and purified
bacoside was used for preparation of SLNs.
The solid lipid nanoparticles of Bacoside were
prepared by using pre-emulsion sonication method
for the purpose of Sonication probe sonicator was
used. Sonication is the process of converting electrical
signal into a physical vibration that can be directed
toward a substance. Sonication is usually performed
to break apart compound.During the process of SLN
preparation oil in water emulsion was prepared and
that emulsion was ultrasonicated, Because of
sonication the emulsion is converted into
nanoemulsion containing nanoparticles after cooling
that nanoemulsion nanoparticles were obtained. Four
batches of SLNs were prepared with different lipid
and surfactant concentration keeping drug
concentration and evaluated for particle size,
distribution, drug content, encapsulation efficiency
and zeta potential to find out optimum combination
of lipid, drug and surfactant concentration for
preparation of solid lipid nanoparticles of bacoside .
To check in vitro release from prepared solid lipid
nanoparticles dialysis bag method was used. In invitro
drug release study upto 85% of drug was released by
SLNs. After application of different kinetics model it
was found that the drug release from SLNs follows
zero order kinetics.

IJPBS |Volume 3| Issue 3 |JUL-SEPT|2013|414-426

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

REFERENCES:

Page

423

1.

2.

Agrawal, A., Pandey, M.N., Dubey, G.P.(
1993).Management of mental deficiency by an
indigenous drug, Brahmi (Bacopa monniera).
Pharmacopsychoecologia.6(1),1-5
Anbarasi,K., Vani,G., Balakrishna ,K., and Shyamala,
Dev,C.S. (2006).Effect of bacoside A on brain

13.

14.

antioxidant status in cigarette smoke exposed rats, Life
Sciences.78(12), 1378-1384 .
Agyare, E.K., Curran, G.L., Ramakrisham, M., Yu, C.C.,
Poduslo, J.F., Kandimalla,k,k.,(2008) Development of a
smart nano-vehicle to target cerebrovascular amyloid
deposits and brain parenchymal plaques observed in
Alzheimer's disease and cerebral amyloid angiopathy.
Pharm. Res. 25, 2674–2684.
Basu, N., Rastogi, R.P. and Dhar, M.L.(1967). Chemical
examination of Bacopa monniera Wett. Part 111.
Bacoside B. Indian J. Chem., 1: 212.
Bhattacharya, SK., Bhattacharya, A., Kumar,A. and
Ghosal, S. (2000). Antioxidant activity of Bacopa
monniera in rat frontal cortex, striatum and
hippocampus.Phytother. 14(3)174-179.
Branko, S., Dragon ,K.,Sujana, F.(1992) ‘‘ Measurment
and application of zeta potential’’ Rudarsko-geoloskonaftnizbornik.4,147-151
Biswajit Basu (2010) “Solid lipid nanoparticles: A
promising tool for drug delivery system”. Journal of
Pharmacy Research. 3(1),84-92
Bjelakovic G; Nikolova, D; Gluud, LL; Simonetti, RG;
Gluud, C (2007). "Mortality in randomized trials of
antioxidant supplements for primary and secondary
prevention: systematic review and meta-analysis".
JAMA 297 (8): 842–57.
Cavalli,R., Caputo, O., Gasco, M.R. (1993).Solid
Lipospheres of Doxorubicin and idarubicin Int J
Pharma. (89),R9-R12
Chatterji, N., R.P. Rastogi and M.L. Dhar, (1965).
Chemical examination of Bacopa monniera Wettst.:
Part I-Isolation of chemical constituents. Indian J.
Chem. 1: 212- 215.
Celeste Roney., Padmakar Kulkarni., Veera Arora. ,
Peter Antich., Frederick Bonte., Aimei Wu. , N.N.
Mallikarjuana., Sanjeev Manohar., Hsiang-Fa Liang. ,
Anandrao R., Kulkarni , Hsing-Wen Sung ., Malladi
Sairam., Tejraj M., Aminabhavi. (2005)
‘‘Targeted
nanoparticles for drug delivery through the blood–
brain barrier for Alzheimer’s disease’’, Journal of
Controlled Release. 108, 193–214.
Chowdhuri, DK., Parmar, D., Kakkar, P., Shukla, R.,
Seth. PK., Srimal, RC. (2002.). Antistress effects of
bacosides of Bs: Modulation of Hsp70 expression,
superoxide dismutase and cytochrome P450 activity in
rat brain. Phytother Res. Nov,16(7)639-645
Choudhary,N., Bhupinder,Singh. (2011) an overview
of advances in the standardization of herbal drugs. J
Pharm Educ Res.2 (2):55-70.
Das, A., Shanker, G., Nath, C., Pal. R., Singh, S., and
Singh, H.K. (2002). A comparative study in rodents of
standardized extracts of Bacopa monniera and

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

Int J Pharm Bio Sci

Khot Uttamkumar Vitthal* et
www.ijpbs.com or www.ijpbsonline.com

Available Online through

www.ijpbs.com (or) www.ijpbsonline.com

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Page

424

26.

Ginkgobiloba: Anticholinestrase
and
cognitive
enhancing activities. Pharmacology, Biochemistry and
Behavior, 73, 893-900
Deepak M., Sangli G.K., Arun P.C. and Amit A.(2005).
Quantitative Determination of
the Major Saponin
Mixture Bacoside A in Bacopa monnieri by HPLC.
Phytochem. Anal., 16, 24-29.
Dongkai,Wang et al, (2006).Preparation and
characterization of total flavones of hippophae
rhamnoides (TFH) Solid lipid nanoparticles by heatingultrasonic dispersion and lyophilisation, Asian Journal
of Pharmaceutical Sciences,1 (3-4),205-212
Dubey,G,P., Pathak, S,R.,Gupta,B,S.(1994) ‘‘ Combined
effect of (Bacopa monniera) and Shankhpushpi
(Convolvulus pluricaulis) on cognitive functions.
Pharmacopsychoecologia.7 (3):249-51.
Ekambaram, P., Sathali, A, H. and Priyanka
K.(2012).Solid lipid nanoparticles : A review.
Sci.Revs.Chem.Commun.2(1):80-102
Enz,A.,Amstutz,R.,Boddeke, H.(1993) Brain selective
inhibition of acetylcholineesterase :A novel approach
to therapy for Alzheimer’s disease.Prog Brain
Res.98:431-438
Ganzera, M.,Gampemrieder, J., Pawar ,R,S.,Khan, I,A.,
and Stuppner ,H. (2004). Separation of the major
triterpenoid saponin in Bacopa Monniera by High
performance
liquid
chromatography.
Anal
Chim.Acta.516:149-154
Gardough A,R.,Gad, S.,Ghonaim H,M.,and Ghorab
M,M.,(2013). “Design and characterisation of glyceryl
monosterarate Solid lipid nanoparticles prepared by
high shear homogenisation. British Journal of
Pharma.Reasearch.3(3):326-346
Goldstein, J. (2003) Scanning electron microscopy and
x-ray microanalysis. Kluwer Adacemic/Plenum
Pulbishers, p.689
Jaeger, N,D.,Demeyere,H., Finsy,R., Paulvander
,N.(1990) Particle sizing by photon correlation
spectroscopy. Verlagsgesellschaft mb.Page no.179186
Jalali.M,B.,Shadbad,M,R.,Nezhadi S,H. and Hasan
M.(2008).Kinetic analysis of drug release from
nanoparticles. J Pharm Pharmaceut Sci.11 (1):167-177.
Jain,P.,Khanna,N,K.,Trehan,T.,Pendse,V,K.
and
GodhwaniJ,L.(1994).Antiinflammatory effect of an
Ayurvedicpreparation,
Bramhi
Rasayan,
in
Rodents.Indian J. of Exp.Biology.34:523-526
Janeway, Charles; Paul Travers, Mark Walport, and
Mark Shlomchik (2001). Immunobiology; Fifth Edition.
New York and London: Garland Science. ISBN 0-81534101-6

IJPBS |Volume 3| Issue 3 |JUL-SEPT|2013|414-426
27.

28.

29.

30.

31.

32.

33.

34.
35.

36.

37.

38.

39.

Kahol, A. P., Singh, T., Tandon. S., Gupta, M. M., &
Khanuja, S. P. S. (2003). Patent; the preparation of a
extract rich in bacosides from the herb Bacopa
monniera. Council of Scientific and Industrial Research
(New Delhi, India). Application no. 400192.
Kanke, M., Tanabe, E., Katamaya, H., Koda, Y.,
Yoshitomi, H., 1995b. Application of curdlan to
controlled drug delivery. III. Drug release from
sustained release suppositories in vitro. Biol. Pharm.
Bull. 18, 1154–1158.
Kidd, P.M. (1999) A review of nutrients and botanicals
in the integrative management of cognitive
dysfunction.Alternative Medicine Review. 4(3):144161.
Lireni,C.,Jwahar,N.,Gowthamarajan,K., Meyyanathan
S.N.,Sood,S.(2011) Brain delivery by solid lipid
nanoparticles for CNS drugs. Intennational Journal of
Pharmaceutical research and devlopment.3(4), 206216
Pillai,M,M.,Kalmade,V,I.,and Kalmade,I,S. (2008)The
effect of Bacopa monniera linn on lipid peroxidation
and lipofuscinogenesis in prostate gland of D-galactose
induced aging mice, mus musculus-Indian Journal of
Experimental Biology, vol 46.547-549
Manjunath, K.,.( 2005). Solid lipid nanoparticles as drug
delivery systems. Methods Find Clin Phramacol. 27(2),
127.
Martin,S., Tho,I., Ferreira,D,C., E,B,Souto., and
Brand(2011).Physicochemical
properties
of
lipidnanoparticles: Effect of lipid and surfactant
copmposition. Drug Devlopment and industrial
pharmacy.37(7):815-824
Mukherjee,DG.,Dey,CD.(1996)Clinical
trial
on
Bramhi.Indian J.of Experimental Sci.10:5-11.
Morlan,U.Z.,Rondero.A,G.,Melgozacontreras,L,M.(2010)Preparation and characterisation
of solid lipid nannoparticles containing cyclosporine by
the emulsion diffusion mmethod” international journal
of Nanomedicine.5: 611-620
Mühlen,AZ, Mehnert, W.(1998)Drug release and
release mechanism of prednisolone loaded solid lipid
nanoparticles.Pharmazie.53:552-555
N. Al .Haj (2009) “Solid lipid nanoparticles preparation
and
characterization.”International
journal
of
pharmacology.5(1): 9093
Nakabeppu,Y., Sakumi, K., Sakamoto, K., Tsuchimoto,
D., Tsuzuki, T., Nakatsu, Y. (2006). "Mutagenesis and
carcinogenesis caused by the oxidation of nucleic
acids". Biol Chem 387 (4): 373–379
Patwardhan B, Warude N, Pushpangadan P, Bhatt
N(2005). Ayurveda and traditional Chinese medicine: a

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

Int J Pharm Bio Sci

Khot Uttamkumar Vitthal* et
www.ijpbs.com or www.ijpbsonline.com

Available Online through

www.ijpbs.com (or) www.ijpbsonline.com

40.

41.

42.

43.

44.

45.

46.

47.

48.
49.

50.
51.

53. Singh, R.H.,Singh, L. (1980). Studies on the anti-anxiety
effect of the Medyha rasayana drug Brahmi (Bacopa
monniera Wettst.). Res Ayur Siddha.1:133-148
54. Souto, EB.,(2004) Development of a controlled release
formulation based on SLN and NLC for topical
clotrimazole delivery international journal of
pharmaceutics. 278:71-77.
55. Shrinivasa C (2009).Traditional medicine marker
compounds of selected Ayurvedic drugs.CCRAS. Page
no.39-49
56. Stough, C., Lloyd, J., Clarke, J., Downey, LA., Hutchison
,CW., Rodgers, T., Nathan PJ. (2001). The chronic
effects of an extract of Bacopa monniera (Brahmi) on
cognitive function in healthy human subjects”
Psychopharmacology (Berl). 156(4):481-484.
57. Subedi, R,S.,Kang,K,W.,Choi,H,K. (2009)‘‘Preparation
and characterisation ofsolid lipid nanoparticles loaded
with doxorubicin. European Journal of Pharmaceutical
Sciences.37:508-513
58. Tripathi YB, Chaurasia S, Tripathi E, Upadhyay A,
Dubey GP. (1996)“Bacopa monniera Linn. as an
antioxidant: mechanism of action”, Indian J Exp
Biol.Jun.34(6):523-526
59. Valko M, Izakovic M, Mazur M, Rhodes C, Telser J
(2004). "Role of oxygen radicals in DNA damage and
cancer incidence". Mol Cell Biochem. 266 (1–2): 37–56
60. Valko, M., Leibfritz, D., Moncol, J., Cronin, M., Mazur,
M., Telser, J. (2007). "Free radicals and antioxidants in
normal physiological functions and human disease". Int
J Biochem Cell Biol 39 (1): 44–84.
61. www.en.wikipedia.org/wiki/High performance liquid
chromatography.
62. www..en.wikipedia.org/wiki/Infrared spectroscopy.
63. www.en.wikipedia.org/wiki/
Scanning
electron
microscope.
64. www.photocor.com
65. Yadav,S.,Jain, AK.,Tripathi, SN.,Gupta, JP.Irritable
bowel syndrome; Therapeutic evaluation of indigenous
drugs.Indian J Med Res 1989;90;446-503.
66. Zhang, Y., Kohler, N.,Zhang, M. (2002).Surface
modification of surfacemagnetic Nanoparticles and
their intracellular uptake.Biomaterials, 23,1553-1561.
67. Zur Muhlen, A., Schwarz, C., Mehnert, W.(1998). Solid
lipid nanoparticles(SLN) for controlled drug deliveryDrug release and release mechanism,Eur J Pharm
Biopharma. Volume. 45( 2): 149-155.

Page

425

52.

comparative overview. Evid Based Complement Altern
Med., 2,465–473.
Pal, I.,Kaur,A. (2008) “Potential of solid lipid
nanoparticles in brain targeting”Science direct,Journal
Of control release.127:97-109.
Pawar, R., Gopalakrishnan, C., & Bhutani, K. K. (2001).
Dammarane triterpene
saponin from Bacopa
monniera
as
the
superoxide Inhibitor in
polymorphonuclear cells. Planta Medica.67: 752-754.
Rai,D., Bhatia, G.,Palit, G.,Pal, R., Sinhg,S.,Singh,
HK.,(2003) ̒ A
̒ daptogenic Effect of Bacopa Monniera
(bramhi)̛̛̛̛̛̛̛̛̛. Pharmacol Biochem Behave.Jul.75(4):823-83
Rahman Z. (2010) Non-destructive methods of
characterization
of
risperidone
solid
lipid
nanoparticles,
Eur.
J.
Pharm.Biopharm.doi:10.1016/j.ejpb.2010.05.003
Roodenrys, S., Booth, D., Bulzomi, S., Phipps,A.,
Micallef ,C., andSmoker J.( 2002). Chronic effects of
Brahmi (Bacopa monnieri) on human memory.
Neuropsychopharmacology. (27):279–281.
R. Sharath., B.G. Harish, V. Krishna, B.N.
Sathyanarayana, H.M. Kumara Swamy, (2010). “Wound
healing and protease inhibition activity of Bacoside-A,
isolated from Bacopa monnieri wettest” Phytotherapy
Research.
Rai, D., Bhatia, G., Palit, G., Pal, R., Singh, S., Singh HK.(
2003). Adaptogenic effect of Bacopa monniera
(Brahmi). Pharmacol Biochem Behav. 75(4):823-830
Russo, A. And Borrelli, F. (2005) Bacopa monniera, a
reputed nootropic plant: an overview, Phytomedicine,
12 (4), 305-17.
Sarachandan, I.(2012).A review on nanotechnology in
solid lipid nanoparticles.IJPDT;2(1):45-61
Shahare, M. D. and D’ Mello, P. M.(2010),
Standardization of Bacopa Monnieri and its
Formulations with reference to Bacoside A by Thin
Layer Chromatography, International Journal of
Pharmacognosy and Phytochemical Research,2(4):812.
Sharma PV. Dravyaguna Vijnan. Medhya Varga,
Varanasi (1987). Chaukambha Bharati Academy.
Sies, S., (1997) "Oxidative stress: oxidants and
antioxidants" (PDF). Exp Physiol 82 (2): 291–5
Singh, H.K., Dhawan, B.N.(1997). Neuropyschological
effects of the Ayurvedic nootropic Bacopa Indian J
Pharmacol.29:359-365.

IJPBS |Volume 3| Issue 3 |JUL-SEPT|2013|414-426

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

Int J Pharm Bio Sci

Khot Uttamkumar Vitthal* et
www.ijpbs.com or www.ijpbsonline.com

Available Online through

www.ijpbs.com (or) www.ijpbsonline.com

IJPBS |Volume 3| Issue 3 |JUL-SEPT|2013|414-426

*Corresponding Author:
Khot Uttamkumar Vitthal

Page

426

Department of Biotechnology
Kits College of Engineering,
Kolhapur, Maharashtra, India.

International Journal of Pharmacy and Biological Sciences (e-ISSN: 2230-7605)

Int J Pharm Bio Sci

Khot Uttamkumar Vitthal* et
www.ijpbs.com or www.ijpbsonline.com

