
INTRODUCTION

Cis-Diaminedichloroplatinum (II) (Cisplatin)
is a major antineoplastic drug widely used in the
treatment of several malignancies1,2. It has been
widely accepted because of its potent cytotoxic
effects on a variety of tumor types including
testicular, ovarian, and cervical carcinoma3.
Although Cisplatin is one of the most potent
anticancer agents available for the treatment of solid
tumors4, its use is associated with serious side
effects including renal toxicity, and late neurotoxicity
as well as ototoxicity5,6,7. 20% of patients receiving
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ABSTRACT

Our study reported herein utilized the Agrobacterium tumefaciens–induced potato disc tumor
assay. The objective was to detect of extent of antineoplastic activity in the potato disc tumor
induction assay by Cisplatin, its HP-β-CD complexes and gelatin nanoparticles loaded with Cisplatin
and its HP-β-CD complexes. Tumor inhibition was seen in all the tested drugs and its formulations.
The order of activity was: 1:2 Cisplatin/HP-β-CD > 1:1 Cisplatin/HP-β-CD > Cisplatin > 1:2 Cisplatin/
HP-β-CD loaded nanoparticles >1:1 Cisplatin/HP-β-CD loaded nanoparticles > Cisplatin loaded
nanoparticles. The A. tumefaciens–induced potato disc tumor assay was an effective indicator of
the extent of antitumor activity regardless of the mechanism of drug action.

In the brine shrimp lethality bioassay (BSLT), the Medium Lethal Concentrations (LC50 value)
of Cisplatin and Cisplatin/HP-β-CD inclusion complexes were determined using Artemia salina L.
(Artemiidae) with the objective was to compare the LC50 values of the pure drug, its HP-β-CD
complexes and loaded gelatin nanoparticles to determine their relative degree of cytotoxicity. The
bioassay results showed significant dose dependent mortality. Cisplatin, 1:1 Cisplatin/HP-β-CD
and 1:2 Cisplatin/HP-β-CD inclusion complexes, Cisplatin loaded nanoparticles, 1:1 Cisplatin/HP-
β-CD loaded nanoparticles and 1:2 Cisplatin/HP-β-CD loaded nanoparticles exhibited potent brine
shrimp lethality with LC50 of 106.71, 83.43, 76.53, 270.96, 177.59 and 149.55 µg/mL respectively.

Thus, potato disc assay would be acceptable as a primary general screen for antineoplastic
activity of various complexes of Cisplatin and its formulations regardless of mode of inhibitory
action on tumor formation. The present study also supports that brine shrimp bioassay is simple,
rapid, reliable and convenient method for assessment of degree of cytotoxicity.

Key words: Cisplatin; Cisplatin/Hydroxypropyl-β-Cyclodextrin inclusion complex; antitumor;
cytotoxic; brine shrimp lethality test (BSLT); Agrobacterium tumefaciens; potato disc test.

high-dose Cisplatin have severe renal dysfunction.
Although various measures such as aggressive
hydration prior to Cisplatin administration have
helped reduce the incidence of certain toxicities such
as nephrotoxicity, prolonged courses of Cisplatin at
high doses still predispose patients to other adverse
effects such as neuropathy5,6,7.

One of the most efficient and rational
approach to overcome the limitation of toxicity of
Cisplatin in nontarget tissues is to  design a drug
delivery system with selective tumor targeting and
controlled releasing properties. In particular many



nanosized polymers and liposomes are recently
known to show excellent tumor targeting properties
with enhanced permeability and retention (EPR)
effect 8,9,10,11,12,13. The requirements of an ideal targeting
system are i) biocompatibility, biodegradability, and
low antigenicity, ii) protection of the drug, iii)
maintenance of the integrity till the target is reached,
iv) avoidance of side effects, v) membrane passage,
vi) target recognition and association, vii) controlled
drug release, and viii) elimination upon drug release14.

Gelatin is a proteinaceous natural polymer
which has been successfully used as a
nanomaterial. It has the added advantage of being
able to undergo chemical modifications via its amino
acid residues before and after the preparation of
nanoparticles15. Gelatin is known for its good
biodegradability, biocompatibility16,17, as well as its
low immunogenicity18, 19 which made gelatin as
“Generally Recognized as Safe (GRAS) substance
in the area of food additives by the U.S. Food and
Drug Administration (FDA)*

Crown gall is a neoplastic  disease of plants
which is induced by the gram negative bacteria
Agarbacterium tumefaciens20,21, first reported by
Smith and Townsend22 and Jensen23. This disease
is characterized by a mass of tissue bulging from
stems and roots of woody and herbaceous plants is
produced. These masses (tumors) may be spongy
or hard, and may or may not have a deleterious effect
on the plant. The tumors produced are histologically
similar to those tumors found in humans and
animals24. The bacteria possess large Ti (tumor
inducing) plasmids which carry genetic information
(T DNA), that transform normal / wounded plant cells
into autonomous tumor cells25. Following tumor
induction, the autonomous proliferation of the tumor
cells becomes entirely independent of the bacteria26.
The mechanism of tumor induction is similar to that
in animals27,28,29. The Ti-plasmid causes the plant’s
cells to multiply rapidly without going through
apoptosis, resulting in tumor formation similar in
nucleic acid content and histology to human and
animal cancers24.

The results suggest that the potato disc
assay is a safe, simple rapid and inexpensive in-
house screen for 3PS (in vivo, mouse leukemia)
antitumor activity. It is statistically more predictive

of 3PS30,31,32 (P 388 leukemia)  activity than either
the 9KB (human nasopharyngeal carcinoma) or 9PS
(murine leukemia) cytotoxic assays. The assay also
gives indication of tumor-promoting or carcinogenic
properties of the test samples.

Artemia salina L. (Artemiidae), the brine
shrimp larva, is an inver tebrate used in the
alternative test to determine toxicity of chemical and
natural products.  The common brine shrimp
(artemia) belongs to phylum Arthropoda, class
Crustacea. The artemia life cycle begins by the
hatching of dormant cysts, which are encased
embryos that are metabolically inactive. The cysts
can remain dormant for many years as long as they
are kept dry. When the cysts are placed back in salt
water they are rehydrated and resume their
development. They can tolerate high concentrations
of salt in seawater, which varies from 2.9% to 3.5%.
Adult brine shrimp can tolerate a salt content of as
high as 50%. They are non selective with respect to
their food and live entirely on the photosynthetic
green alga (singular of algae) Dunaliella. Like many
other primitive aquatic plants, this organism is
attracted to light, rising to the surface in the daytime,
and sinking at night. The positive phototaxis of
Artemia keeps it at the same depth as its prey.

In order to study the degree of cytotoxicity
of Cisplatin, 1:1 Cisplatin/HP-β-CD complex,
1:2 Cisplatin/HP-β-CD complex and gelatin
nanoparticles loaded with the aforementioned pure
drug and complexes, we performed BSLT, which is
based on the ability to kill laboratory cultured brine
shrimp (Artemia nauplii). The brine shrimp assay
was proposed by Michael et al33., and latter
developed by Vanhaecke et al34 and Sleet and
Brendel35. The assay is considered a useful tool for
preliminary assessment of toxicity and it has been
used for the detection of fungal toxins, plant extract
toxicity, heavy metals, pesticides and cytotoxicity
testing of dental materials36.37,38,39,40. This method is
very useful tool for the isolation of bioactive
compounds from plant extracts41.

The brine shrimp lethality bioassay is an
efficient, rapid and inexpensive test that requires
relatively a small amount of sample (2–20 mg). This
bioassay has a good correlation with cytotoxic
activity in some human solid tumors and with
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pesticidal activity, and has led to the discovery of
the annonaceous acetogenins as a new class of
natural pesticides and active antitumoral agents42.

Cisplatin was complexed with
Hydroxypropyl-β-Cyclodextrin with a view to improve
its stability, water solubility, bioavailability and
possible decrease in its undesirable side effects. The
objective of the present study was to evaluate the
degree of cytotoxicity of Cisplatin, its complexes with
HP-β-CD and gelatin nanoparticles loaded with
Cisplatin and HP-β-CD complexes using potato disc
test and brine shrimp lethality bioassay

The development of simple in vitro
bioassays like potato disc test and BSLT could offer
numerous advantages as alternatives to expensive
animal testing in initial studies. Also, it was attempted
to show that both assays are simple, rapid, reliable
and convenient method for assessment of cytotoxic
studies of synthetic compounds.

MATERIAL AND METHODS

Material
Cisplatin from Cipla, India and Brine shrimp

eggs (Artemia salina L.) from FRLHT, Bangalore,
India were obtained as gift samples. Gelatin Type A
(175 bloom) having molecular weight between 40
kDa and 50 kDa was purchased Sigma Co., USA.
Glutaraldehyde 25% w/w in solution, Loba Chemie
Pvt. Ltd., India; HPLC grade water, Qualigens Fine
chemicals India; HP-β-CD (Mol. Wt. 1380), HiMedia,
India; Agrobacterium tumefaciens, MTCC,
Chandigarh, India were purchased. All solvents and
chemicals were used of analytical grade. All products
and chemicals were used as received from the
manufacturers.

Preparation of Cisplatin - Hydroxypropyl-βββββ-
Cyclodextrin Complexes

The inclusion complex was prepared by
freeze drying a solution of Cisplatin and
Hydroxypropyl-β-Cyclodextrin in different molar
ratios (1:1and 1:2). In brief Cisplatin and HP-β-CD
were dissolved in HPLC grade water and was
sonicated in an ultrasonic bath for 1 h at 25.0 ± 0.1
°C. The solution was later filtered through a 0.22
µM filter and the filtrate was frozen at – 40 °C and
then freeze-dried at “70 °C for 24 h.

Preparation of drug loaded gelatin nanoparticles
by two-step desolvation

Gelatin nanoparticles were prepared by a
two-step desolvation method developed by Coester
et al. 8. 25 mL of 5% gelatin type A (Bloom175)
solution was prepared at room temperature (25 °C)
with 25mg of drug (Cisplatin, 1:1 Cisplatin/ HP-β-
CD complex and  1:1 Cisplatin/ HP-β-CD complex )
in it. Gelatin was desolvated by drop wise addition
of an equal volume of acetone, a non-solvent for
gelatin and kept for sedimentation. The supernatant
was discarded and the sediment was dissolved in
water and redesolvated at pH 2.5 with 50 mL of
acetone with stirring (500 rpm). Gelatin particles
were then cross-linked with 200µL of 25 %
glutaraldehyde, the excess of which was neutralized
by adding cysteine (500 mg), and finally purification
was done by a three-fold centrifugation (16000 g
for 20 min) and redispersion in acetone/water
mixture (30/70). The purified nanoparticles were
stored as dispersion in highly purified water
(conductivity < 0.04µs/cm) at 4-8 °C.

Potato disc bioassay
Agrobacterium tumefaciens (strain MTCC

431), which carries the Ti (tumor inducing) plasmid,
was cultured as described by McLaughlin38. The
samples were prepared by dissolving 1.0 mg of
compounds in 1 ml of 0.9 % w/v NaCl solution and
subsequently diluted to 0.01, 0.001 and 0.0001 mg/
L. This procedure is adapted from Coker, P.S. et al,
with modifications taken from Ferrigni, N. R. et al43.
Controls were prepared with pure Cisplatin. A
minimum of three Petri dishes were used for each
test and for the control. Potato discs were placed on
solid agar-water medium in Petri dishes. Using a
sterile micropipette, 400 uL bacteria solution (48 h
culture of approx. 1× 109 CFU/ml, as determined by
an absorbance value of 0.96 ± 0.02 at 600 nm) was
mixed with 400 uL of the appropriate test or control
solution in Eppendorf tubes. 50 uL of the so prepared
solution were applied to each potato disc. Control
discs were prepared in the same way omitting the
test substances. The Petri dishes were kept in the
dark at 22°C for 14 days. The number of tumors was
counted at the end of the incubation period. To
determine the number of tumors, the potato discs
were stained with a solution of  I2(1 g)/KI (2 g) in
300 ml distilled H2O for 20 min and then destained
in ethyl alcohol (95%) for 5 min. The tumors were
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counted using a dissecting microscope and their
numbers were compared with controls. The inhibitory
effect was evaluated on the basis of the comparative
analysis among the mean values of the number of
tumors in treated and untreated disks. Inhibition
percentage of over 20% was considered to be
significant.

Brine shrimp lethality test
The method described by Meyer et al45,

(1982), was used in this assay. The brine shrimp
were hatched from encysted eggs in a small
rectangular two compartment steel tank (l4x6x8 cm)
fabricated especially for culturing brine shrimps.
Around 50-100 mL of artificial sea water (pH 9.0
adjusted with Sodium carbonate) is added and 10mg
of eggs was sprinkled on top of the water and
incubated for 48 h under constant aeration and
illuminated with a tungsten filament lamp. After
hatching, nauplii were separated from the shells and
remaining cysts using a Pasteur pipette and
transferred to fresh sea water. This was facilitated
by attracting the shrimps to one side of the brighter
compartment of the tank used for hatching with a
light source. 20 organisms / 4.5 mL were pipetted
into each of multi-welled culture plates using a
Pasteur pipette. A stock solution of 100 µg/mL of pure
drug and complexes of Cisplatin with Hydroxypropyl-β-
Cyclodextrin were prepared in 0.9% normal saline. Pure
drug and its complexes were tested at initial
concentration of 1.0, 100 and 1000 µg/mL in each
of three replicates with each well having a final
volume of 5mL. They are then incubated at a
temperature of 25°C for 24 h under direct light.

Lethality concentration determination
Counting for the chronic LC

50 begins 24 h.
after initiation of the tests. Survivors were counted
after 24 h by examining under dissection microscope
(10 × magnifications). The percentage of deaths at
each dose was determined by comparing the mean
surviving numbers in the test and control wells. LC50

values were obtained from the best-fit line plotted
concentration verses percentage lethality. Cisplatin
was used as a positive control in the bioassay.

Statistical analysis
The percentage lethality was calculated

from the mean survival numbers in sample and

control wells. LC50 values were obtained by best-fit
line method. The data was processed using
AnalystSoft, StatPlus - statistical analysis program,
Version 2007, to estimate LC50 (Lethal concentration)
values for statistically significant comparison of
potencies.

RESULTS AND DISCUSSION

For the potato disc assay, the results are
expressed as percentages of the number of tumors
on the control discs; inhibition is expressed as a
negative percentage and stimulation is expressed
as a positive percentage. Activity was deemed
significant when two or more independent assays
gave consistent negative values, indicating inhibition
above 20%. The antitumor activity of Cisplatin, 1:1
Cisplatin/HP-β-CD complex , 1:2 Cisplatin/HP-β-CD
complex  and gelatin nanoparticles crosslinked with
glutaraldehyde and loaded with the aforementioned
pure drug and complexes was studied using the
potato disc bioassay technique. The solvent used
in potato disc test was 0.9 % NaCl solution and
therefore the need to study the effect of solvent
induced tumor induction was obviated. Cisplatin
served as a positive control and inhibited tumor
production in all concentrations.

There was significant difference in activity
between Cisplatin and Cisplatin/HP-β-CD inclusion
complexes at 0.01 mg/mL (Table 1.). HP-β-CD
inclusion complexes of Cisplatin were more active
at 0.01 mg/mL than Cisplatin at the same
concentration. 1:2 Cisplatin/HP-β-CD complex was
slightly more inhibiting than 1:1 Cisplatin/HP-β-CD
complex at 0.01mg/mL. The Cisplatin loaded
nanoparticles and Cisplatin/HP-β-CD complexes
(1:1 and 1:2 ratios) loaded nanoparticles showed
lesser inhibition than their respective pure drugs at
all concentrations indicating a possible decrease in
concentration of the drug available at the site of
inhibition. This may be explained as follows. Of the
total drug loaded into the nanoparticles, a part of
the drug is entrapped within the matrix of the gelatin
nanoparticles crosslinked by glutaraldehyde and a
part of the drug is bound chemically to the amino
acid residues present in the native gelatin44. The A.
tumefaciens–induced potato disc tumor assay was
an effective indicator of the extent of antitumor
activity regardless of the mechanism of drug action.
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Table 2. Comparative toxicities of Cisplatin, Cisplatin/HP-βββββ-CD
complexes and their respective loaded gelatin nanoparticles by BSLT

Compound LC50 µg/mL* 95% CL

Cisplatin pure drug 106.71 ±0.12 104.77-105.33
1:1 Cisplatin- HP-β-CD 83.43 ±0.06 81.77-82.33
1:2 Cisplatin- HP-β-CD 76.53 ±0.09 74.77-75.33
Cisplatin loaded Nanoparticles 270.96±0.06 270.77-271.33
1:1 Cisplatin- HP-β-CD loaded Nanoparticles  177.59±0.10 175.77-176.33
1:2 Cisplatin- HP-β-CD loaded Nanoparticles  149.55±0.59 147.77-148.33

*Means of three experiments ± standard deviation

The brine shrimp lethality of Cisplatin, 1:1
Cisplatin/HP-β-CD complex , 1:2 Cisplatin/HP-β-CD
complex  and gelatin nanoparticles crosslinked with
glutaraldehyde and loaded with the aforementioned
pure drug and complexes to brine shrimp was
determined using the procedure of Meyer et al45.
The LC50 values obtained are given in Table 2. The
degree of lethality was found to be directly
proportional to the concentration. 1:2 Cisplatin/HP-
β-CD complex showed highest cytotoxicity followed
by 1:1 Cisplatin/HP-β-CD complex and Cisplatin.
The LC50 values were obtained by a plot of
percentage of the shrimp nauplii killed against the
concentrations used and the best-fit line was
obtained from the data by means of regression
analysis.

Unlike the Cisplatin and its HP-β-CD
complexes, the loaded nanoparticles showed lesser
cytotoxicity due to the drug entrapment and
conjugation within matrix of the nanoparticles
making it less available comparatively. The release
of the drug is sustained over a long period of time
(data not shown). The drug release kinetics from
gelatin nanoparticles depends on the rate of water
uptake, drug dissolution /diffusion rate and the
polymer glass-rubbery transition including matrix
erosion/degradation rate46. At higher temperature,
the gelatin molecules have higher mobility and lower
degree of crosslinking, which increases the swelling
degree of the hydrogel nanoparticles. Also the water
content is affected by the degree of crosslinking of
the gelatin nanoparticles. Degradation of the
nanoparticles occurs either after phagocytosis or
by extracellular protease acting at either neutral or
acidic pH. Lower toxicity of the nanoparticles may
be attributed to the prevailing pH (pH 9.0) condition
of the test.

Table 1:  Antitumor activity of Cisplatin and its
HP-βββββ-CD complexes and their respective loaded

gelatin nanoparticles on potato disc model

Compound/ Dose tested Percent growth
Formulation (mg / mL) (± SEM)*

Cisplatin 0.01 53.50 (± 4.17)
0.001 29.65 (± 4.91)

0.0001 26.26 (± 5.69)
1:1 Cisplatin/HP-
β-CD complex 0.01 61.12 (± 0.73)

0.001 32.43 (± 3.80)
0.0001 27.64 (± 6.64)

1:2 Cisplatin/HP-
β-CD complex 0.01 75.75 (± 3.96)

0.001 38.60 (± 1.94)
0.0001 30.54 (± 7.79)

Cisplatin loaded gelatin 0.01 47.61 (± 1.45)
nanoparticles 0.001 26.53 (± 3.29)

0.0001 23.64 (± 2.81)
1:1 Cisplatin/HP-β-CD
loaded 0.01 50.45 (± 4.82)
gelatin nanoparticles 0.001 27.98 (± 4.31)

0.0001 26.20 (± 6.50)
1:1 Cisplatin/HP-β-CD
loaded 0.01 51.90 (± 3.51)
gelatin nanoparticles 0.001 32.71 (± 1.42)

0.0001 29.37 (± 4.70)

*Means of three experiments ± SEM.

Cisplatin/HP-β-CD complexes loaded
nanoparticles showed greater cytotoxicity than
Cisplatin loaded gelatin nanoparticles due to rapid
release of the drug from the matrix of the
nanoparticles than that of nanoparticles loaded with
Cisplatin alone.
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Gelatin nanoparticles formed from loading
of Cisplatin/HP-β-CD complexes were smaller in size
(data not shown) due to the presence of HP-β-CD
compared to Cisplatin loaded nanoparticles and
offered greater surface area and swelling profile
which promoted rapid drug release. The release of
Cisplatin from the nanoparticles is strongly affected
by the swelling of the nanoparticles. Enhanced
release of Cisplatin from the nanoparticles loaded
with Cisplatin/HP-β-CD complex could be attributed
to the difference in degree of hydration and
subsequent swelling of nanoparticles.

On the other hand HP-β-CD complexes of
Cisplatin showed highest cytotoxic effect due to
greater water solubility of the complexes and
enhanced penetration when compared with the pure
drug. It has been widely believed that drug availability
in cyclodextrin-containing formulations will be
hampered by the slow release of drug molecules
from the cyclodextrin cavities. However, it has been
shown that the rates for formation and dissociation
of drug/cyclodextrin complexes are very close to
diffusion controlled limits with complexes being
continually formed and broken down47.
Consequently, presence of water-soluble Cisplatin/
HP-β-CD complexes right at the hydrated epithelial
surface will frequently increase the availability of
dissolved drug molecules, especially of lipophilic
drugs with poor aqueous solubility48.

For years, cyclodextrins have been
proposed in the formulation of poorly water soluble
drugs, with the main objective of increasing their
water solubility in order to possibly increase their
bioavailability. Cyclodextrins have hydrophobic cavity
and hydrophilic external surface. Poorly soluble drug
accommodates in hydrophobic cavity. This molecular
entrapment improves drug solubility. The
cyclodextrin complexes of hydrophobic drugs
dissolve faster and better than pure drug49,50.

The aqueous solubility of α, β and γ
cyclodextrin is much lower than that of comparable
linear dextrins, most probably due to relatively strong
binding of the cyclodextrin molecules in the crystal
state (i.e. relatively high crystal energy).In addition,
β-Cyclodextrin molecules form intramolecular
hydrogen bonds that diminish their ability to form
hydrogen bonds with the surrounding water
molecules. Hydroxypropyl-β-Cyclodextrin is a water-
soluble cellulose derivatives synthesized and were
used in large quantities in a variety of industrial
products. Conjugation of  Cisplatin with
Hydroxypropyl-β-Cyclodextrin results in a significant
increase in drug solubility thereby increasing its
cytotoxic activity evident by the decreased LC50

values.

CONCLUSION

As there is a limit to the usage of laboratory
animals in toxicological tests51, the potato disc test
and brine shrimp lethality test, which are sensitive
to a variety of compounds, can be  effectively utilized.
Based on the results obtained, we suggest that the
both bioassays afford a convenient, simple, and
inexpensive avenue for determining the relative
toxicity of natural and synthetic compounds which
in most cases correlates reasonably well with
cytotoxic and anti-tumor properties38. These tests
are quick, and allows a great number of samples to
be tested and processed adequately52.

In conclusion we affirm that there is an
increase in cytotoxicity of the Hydroxypropyl-â-
Cyclodextrin complexes of Cisplatin due to increase
in solubility. The drug loaded nanoparticles showed
decreased toxicity and could successfully increase
drug concentration in cancer tissues and also act
at cellular levels, enhancing antitumor efficacy. The
potato disc test and brine shrimp lethality bioassay
are very convenient and effective methods for
assessment of cytotoxic studies of synthetic
compounds
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