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Purpose: Breast cancer is one of the most lethal types of cancer in women. Curcumin
showed therapeutic potential against breast cancer, but applying that by itself does not lead to
the associated health benefits due to its poor bioavailability, which appears to be primarily
due to poor absorption, rapid metabolism, and rapid elimination. Moreover, poor water
solubility of curcumin causes accumulation of a high concentration of curcumin and so
decrease its permeability to the cell. Many strategies are employed to reduce curcumin
metabolism such as adjuvants and designing novel delivery systems. Therefore, in this
study sodium alginate and chitosan were used to synthesize the hydrogels that are known
as biocompatible, hydrophilic and low toxic drug delivery systems. Also, folic acid was used
to link to chitosan in order to actively targetfolate receptors on the cells.

Methods: Chitosan-B-cyclodextrin-TPP-Folic acid/alginate nanoparticles were synthesized
and then curcumin was loaded on them. Interaction between the constituents of the particles
was characterized by FTIR spectroscopy. Morphological structures of samples were studied by
FE-SEM. Release profile of curcumin was determined by dialysis membrane. The cytotoxic test
was done on the Kerman male breast cancer (KMBC-10) cell line by using MTT assay. The
viability of cells was detected by fluorescent staining. Gene expression was investigated by real-
time PCR.

Results: The encapsulation of curcumin into nano-particles showed an almost spherical
shape and an average particle size of 155 nm. In vitro cytotoxicity investigation was
indicated as dose-respond reaction against cancer breast cells after 24 h incubation. On the
other hand, in vitro cell uptake study revealed active targeting of CUR-NPs into spheroids.
Besides, CXCR, expression was detected about 30-fold less than curcumin alone. The CUR-
NPs inhibited proliferation and increased apoptosis in spheroid human breast cancer cells.
Conclusion: Our results showed the potential of NPs as an effective candidate for curcumin
delivery to the target tumor spheroids that confirmed the creatable role of folate receptors.
Keywords: spheroids cell, curcumin, nanospheres, cytotoxicity, chitosan, alginate

Introduction

The abnormal proliferation of cells leads to cancer disease.’ The most common invasive
cancer in women is breast cancer and it is also the second main cause of cancer death in
women, after lung cancer.” 3D spheroid cells are formed by cancer cells that include a
central necrotic core with peripheral proliferating cells.' Research has shown that multi-
cellular tumor spheroids are able to predict the in vivo drug efficacies.' Anticancer drugs
showed many limitations, eg, poor water solubility and low targeting efficiency.’
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Therefore, new delivery systems that could solve these pro-
blems are needed. Curcumin as a polyphenol that is extracted
from the rhizomes of the Curcuma longa plant.* Curcumin
showed various pharmacological effects including those
of apoptotic, anti-proliferative, anti-oxidant, and anti-
angiogenic properties and anticancer properties with no
significant side effects.” Recent findings showed the great
activities of curcumin against many types of cancer, eg, mel-
anoma, breast and prostate cancers.® There are many reports
about loading curcumin as a drug on polymers such as encap-
sulation into nano-gels.® Hydrogels that are synthesized by
using natural polymers, known as biocompatible, hydrophilic
and low toxic drug delivery systems.” Moreover, hydrogels
are widely syntheses of biopolymers such as chitosan and
alginate.® They are typically used for encapsulating hydrophi-
lic drugs.® Sodium Alginate is a polymer that consisted of
l-guluronic acid and d-mannuronic acid.” Chitosan is
a polysaccharide that derived from chitin and it is widely
utilized as cationic ligand."” Also chitosan, alginate and
a combination of them were used as targeted nanoparticles
such as coating the magnetic particles or grafting specific
ligands.""'* For example, sodium alginate grafted magnetic
nanospheres were used as a controlled drug delivery system
for Cisplatin in the in vitro environment.'* Moreover, sodium
alginate was used as surface modifier on magnetic nanoparti-
cles containing gentamicin for antibacterial targeting
therapy.'* In addition, superparamagnetic nanoparticles
coated by alginate/chitosan/B-cyclodextrin were used to purify
o-amylase enzyme.'” Targeted nanoparticles have been used
in drug delivery to cancer cells because of their characteristics.
Magnetic nanoparticles are used because of directing and
controlling by external magnetic field.'®'” In the present
study, drug delivery systems were designed according to the
cell’s characteristics (folate receptors) to have a targeted sys-
tem. Folic acid was used to link to chitosan in order to confer it
redox responsiveness and active targeting of folate
receptors.'® Since expression of CXCR,, is enhanced in metas-
tasized breast cells carcinoma.'® So, the main aim of this study
was to encapsulate the curcumin into nanospheres to enhance
curcumin efficacy against cancer cells through evaluation of

their viability (%) and the CXCR, gene expression.

Materials and Methods

Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine
serum (FBS), Dulbecco’s phosphate buffered saline (PBS),
penicillin/streptomycin, and trypsin were obtained from
Gibco (Carlsbad, CA, USA); Annexin V-FITC kit was pur-
chased from BD Biosciences (San Jose, CA, USA).

Curcumin was obtained from Sigma Chemicals (Perth,
Australia). Thiazolyl Blue Tetrazolium Bromide (MTT)
cell viability dye, Propidium iodide (PI), Hoechst 33,342
(H), Dimethyl sulfoxide (DMSO), folic acid, polyethylene
glycol (PEG),
cyclodextrin, alginate, and tripolyphosphate (TPP) were pur-
chased from Sigma—Aldrich Co., (St. Louis, MO, USA). All
other materials used in this study were from domestic pro-
viders at analytical grade. KMBC-10 (Kerman male breast
cancer) cells were obtained from patients according to pro-

chitosan (low molecular weight), B-

tocol approved by Institutional Review Board of Kerman
University of Medical Sciences, Kerman, Iran (IR.KMU.
REC. approval number 1398.025) and all patients gave
written informed consent to participate. The study was per-
formed in accordance with the Declaration of Helsinki and
standards of good clinical practice.

Preparation of Chitosan/B-Cyclodextrin
ITPP-Folic Acid/Alginate/Curcumin (CS/B-

CD/TPP-Folic Acid/Alg-CUR)
CS/B-CD/TPP/CUR nanoparticles were synthesized by
jonotropic gelification as previously described.?® First of
all, acidified chitosan was mixed with 1 mL of PEGylated
curcumin (PEG 6000, 50%) and then the corresponding
quantity of the TPP solution (1.5 mg/mL) was added drop-
wised at a final volume of 1 mL.>"*** Folic acid (1 mM)
was dissolved in aqueous solution containing 10 mM Tris-
HCI buffer (pH 7.4) and conjugated with CS/B-CD/TPP/
CUR solution (40 uM) at final volume of 3 mL stirring
magnetically for 24 h. Alginate suspension (10 mL) was
slowly mixed with CS/B-CD/TPP/CUR/folic acid (3 mL).
Then 0.5 mL of 100 mM CaCl2 solution was added drop-
wised into suspension (13 mL) and left to dry at room
temperature under vacuum for 12 h.**

Physical Characterization of Nanospheres
Fourier transform infrared spectroscopy (FTIR) was per-
formed using FTIR-spectrometer (Bruker Optik GmbH,
Ettlingen, Germany) to understand the interaction between
the constituents of the particles. CS/B-CD/TPP-Folic acid/
Alg, CS/B-CD/TPP-Folic acid/Alg-CUR samples were deter-
mined as KBr discs in (3500500 cm™").** Morphological
structures of samples were studied by field emission scanning
Carl
Germany) at voltage of 20 kV after coating of each sample

electron microscopy (FE-SEM) (Sigma, Zeiss,

with a thin layer of gold for 5 min. Parameters such as size of
nanoparticles and zeta potential were measured using
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a Scattering Particle Size Analyzer (Malvern Instruments,
Malvern, UK). Moreover, the images were analyzed by
Image Ara software.

Determination of Release Profile

Release of curcumin from nanoparticles was measured in
phosphate-buffered saline (PBS), pH 5.8 at different time
intervals. Samples were dialyzed by dialysis membrane
(MWCO 12,000 Da) against PBS and free curcumin in
the supernatant was quantified by (Optizen 3220UYV, South
Korea) instrument at absorbance at 430 nm.

Formation of Spheroids

KMBC-10 (Kerman male breast cancer) cells were grown
at 37 °C; 5% CO, in DMEM-F12 supplemented with 20
ng/mL EGF, 20 ng/mL BFGF and 1% penicillin/strepto-
mycin solution and 10% FBS. Spheroids were formed
from 10* cells in 96 wells plate during 7 days.>> Then
spheroids were investigated by observing under light
microscopy (Nikon, Eclipse 80i; Tokyo, Japan).

MTT Assay

MTT assay for cell culture was obtained after 24 h of
treatment, the concentrations of nanospheres ranged by
15, 25, 35, 50, 65, and 75 were utilized in 3 replicates,
incubated for 24 h more. 10 pL of MTT solution was
added into each well and incubated for 4 h. After that
the cell culture was centrifuged at 1500 g for 5 min.
Then, 150 pL of media was harvested from each well.
Plate was let to dry and added the 100 mL of DMSO and
then the absorbance was read at 570—630 nm by immune
absorbent assay (ELISA) (multi-mode reader, Synergy II;
Bio-tek Instruments, USA).

Fluorescent Staining in Spheroids
Fluorescent staining (Sigma-Aldrich) was used to detect
viability of cells. Initially cells were treated with ICs, con-
centration of nanospheres and then incubated for 24 h. After
the treatment, spheroids were washed with PBS, the solution
containing 5 uL from each one of 5 uM Hoechst 33,342 (H)
and Propidium iodide (PI) was added, and the stained cells
were assessed using a fluorescent microscopy (Nikon,
Eclipse 801) (Aex: 488 nm/Aey,: 530 nm).

Apoptosis Assay

Apoptosis assay of cells were detected using an Annexin
V-FITC apoptosis detection kit (BD Biosciences, Franklin
Lakes, NJ, USA). Cells were seeded into 6-well plates

(concentration of 10° cells/well) and treated with ICs,
concentration of curcumin, CS/B-CD/TPP-Folic acid/Alg
and CS/B-CD/TPP-Folic acid/Alg-CUR for 24 h and were
washed twice with 200 pL PBS. Then, cells were centri-
fuged at 9300 g, and then incubated in the dark with 100
pL of binding buffer and stained with staining solution
containing 5 pL. Annexin V-FITC and 5 pL of PI at 37 °C
for 20 min. Finally, cells were analyzed by flow cytometry
(BD Biosciences), using 488 nm excitation and emission
at 530-575 nm and after that data were plotted for
Annexin V-FITC and PI.

Real-Time PCR

Total RNA was extracted using TRIzol Reagent (Thermo
Fisher Scientific, Waltham, MA, USA) and also cDNA
synthesis was obtained using cDNA synthesis kit
(AccuPower® RocketScripf™ Cycle RT PreMix Cat. No.
K-2101, Bioneer). The thermal profile for the real-time
PCR (Roche, Germany) was 95 °C for 10 min followed
by 40 cycles of 95 °C for 30 s, 54 °C for 20 s, and 72 °C
for 30s. The PCR product was detected as an increase in
fluorescence with the ABI PRISM 7700 instrument
(Thermo Fisher Scientific). PCR was performed with
12.5 mL of SYBR PCR master mixture, each of the
primers (as shown in Table 1) at a concentration of 100
nM, and 1 mL of RT product in a total volume of 25 mL,
normalized against 18S mRNA (Ambion Quantum
RNATM 18S Universal Primers) and a standard curve
constructed from serial dilutions of a purified CXCR,
cDNA fragment.

Statistical Analysis

Statistical comparison between curcumin, CS/B-CD/TPP-
Folic acid/Alg and CS/B-CD/TPP-Folic acid/Alg-CUR
treatment groups at different concentration were investi-
gated using one-way ANOVA by SPSS software 15 for
windows (SPSS Inc., Chicago, IL, USA) (p < 0.05).

Results

Physical Characterization of Nanospheres
FTIR-spectrometer of CS, B-CD, TPP, ALG, CUR, Folic
acid, CS-B-CD-TPP, CS/B-CD/TPP-Folic acid/Alg and CS/
B-CD/TPP-Folic acid/Alg-CUR are shown in Figure 1. Wave
numbers of B-CD at the range of 1029 cm ™' present to
C-O band (Figure 1A). The broad absorption band at
29023334 cm™' correspond to stretch O-H bond existing
in the pure alginate and also the pure alginate spectrum
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Table | Forward and Reverse Primers for CXCR, and 18S

Primer Name Forward Reverse
CXCR4 CTCCAAGCTGTCACACTCC TCGATGCTGATCCCAATGTA
18S GACAGGATGCAGAAGGAGAT TGCTTGCTGATCCACATCTG

assigned at the peaks at 1028 cm™ ' was illustrated in Figure
IB that related to C-O band. The peak characteristic of
1629 cm™' and 3431cm™' are attributed to the chitosan
(Figure 1C).*® Moreover, the absorption band of CS at
3431 cm ' is attributed to the NH, group. The intensity
absorption band at 1099 cm ' dependent to C-O-C bond in
PEG is indicated in Figure 1D. The spectra peak of free
curcumin was demonstrated nearby 3509 cm ' beside
(Figure 1E), this peak assigned to free hydroxyl group.
Folic acid-chitosan conjugation was recorded by spectral
shifting and intensity variations for the chitosan amide
I band at 1628 cm™ ' while it is attributed to C=O stretch
and amide II band about 1728 cm™' can be recognized to
C-N and N-H stretch (Figure 1E). The FTIR spectrum of pure
folic acid is characterized by 2888 and 1467 cm ™' (Figure
1F). After complication the peaks of chitosan and f-
cyclodextrin with alginate changed to 1636 cm ' (Figure
IG).27 Nevertheless, an ionic interaction the carboxyl groups
of alginate with amide groups of the chitosan formed the
polyelectrolyte complex. Average size of CS/B-CD/TPP-
Folic acid/Alg and CS/B-CD/TPP-Folic acid/Alg-CUR par-
ticles that was recorded by dynamic light scattering showed
different measurement of 115 and 371 nm at room tempera-
ture, respectively. Also, FE-SEM analysis of them confirmed
that they were uniformly spherical (Figure 2A and B).

Cytotoxic Effects of Nanospheres

Cells were treated in different concentration for 24 h and
the viability (%) of cells was measured by MTT assay.
Data were performed from three independent experiments.
Results showed that CS/B-CD/TPP-Folic acid/Alg-CUR
nanospheres reduced the viability (%) of the KMBC-10
spheroids cells. The mean difference of cytotoxicity effect
in curcumin, CS/B-CD/TPP-Folic acid/Alg and CS/B-CD
/TPP-Folic acid/Alg-CUR treatment groups were signifi-
cant at p<0.05 (Figure 3). Since curcumin is insoluble in
water, when it is exposed to an aqueous medium in cell
culture, increasing the concentration of curcumin leads to
increased accumulation of curcumin. On the other hand, its
permeability to the cell was decreased. The ICsq of CS/B-
CD/TPP-Folic acid/Alg-CUR was 0.38 mg/I (Figure 4.)

Release Profile of Curcumin

The release pattern of curcumin is shown in (Figure 5).
Data showed that 0, 13, 19, 25, 88 and 93% of the
curcumin was released during 0, 1, 2, 3, 16 and 24 h,
respectively.

Fluorescent Staining in Spheroids

KMBC-10 spheroids cells were treated by curcumin and CS/
B-CD/TPP-Folic acid/Alg-CUR nanospheres, separately. The
CS/B-CD/TPP-Folic acid/Alg-CUR nanospheres showed the
high cytotoxicity effect at 65 pg/mL compared to curcumin
that showed no significant fluorescence (Figure 6).

Apoptosis Assay of Nanospheres

Apoptosis analysis of curcumin, CS/B-CD/TPP-Folic acid/
Alg and CS/B-CD/TPP-Folic acid/Alg-CUR showed 6, 0
and 20% of apoptotic cells at ICs, concentration (Figure 7).

Real-Time RT-PCR Analyses

CXCR, expression was decreased in the CS/B-CD/TPP-
Folic acid/Alg-CUR group and was recorded about 30-
fold lower than curcumin (Figure 8).

Discussion

According to the results, the high percentage of the encapsu-
lated curcumin in the CS/B-CD/TPP-Folic acid/Alg hydrogel
nanospheres was adsorbed by spheroid cells, as confirmed by
flow cytometric and gene expression analysis. Hydrogel
nanoparticles showed the properties that each hydrogel and
nanoparticle have separately. They are used widely in phar-
maceutical sciences such as in targeted cell therapy and drug
delivery systems. Drugs encapsulated in hydrogels are pro-
tected against environmental agents such as enzymes or pH
changes.?® Also, the stability of the nanoparticle, crystalline
structure, size and agglomeration affect the toxicity and
biological distribution of the nanoparticles in the in vivo
environment.”’ Chitosan has been mainly utilized in the
mixture of nanocomposites that chitosan was a cationic and
emulsifier.”® Besides, chitosan is applied for delivering
hydrophobic drugs such as curcumin to cancer cells.*' The
results recorded show that curcumin alone has problems in
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Figure | FTIR spectra of the synthesized particles: (A) B-cyclodextrin, (B) Alginate, (C) Chitosan, (D) PEG, (E) Curcumin, (F) Folic acid, (G) CS/B-CD/TPP-Folic acid/Alg-CUR
nanospheres.
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Figure 2 SEM micrographs of the synthesized particles: (A) CS/B-CD/TPP-Folic acid/Alg and (B) CS/B-CD/TPP-Folic acid/Alg-CUR.
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Figure 3 Cytotoxicity effect of CUR (Curcumin), NPs (CS/B-CD/TPP-Folic acid/Alg) and CUR-NPs (CS/B-CD/TPP-Folic acid/Alg-CUR) on the KMBC-10 spheroids cells.

clinical applications such as side effects, limited absorption,
and fast metabolism.>> On the other hand, similar results
were represented that curcumin loaded nanoparticles includ-
ing chitosan could greatly improve the enhancement of
uptake of curcumin in comparison to the cytotoxicity of
curcumin loaded nanoparticles, which was not also observed
cytotoxic effect than unmodified curcumin in some doses.*
Furthermore, research showed that the cellular uptake of

curcumin was more effective by encapsulated curcumin

into polymers in carcinoma cells.** Other reports obtained
showed that adding of PEG into chitosan hydrochloride
(CSH)-hyaluronic acid (HA) nanoparticles improved circu-
lation of drug nanocarriers in blood and permeability in
tumors.>” Studies showed that CUR-PNPs exhibited stronger
cytotoxicity than the curcumin solution in rat glioma cells.*
The folic acid-chitosan nanoparticles enhanced circulation
time, drug solubility and improved uptake in tumors and also
hydrophobic drugs conjugate stronger with folate-chitosan
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Figure 4 1Cs, values of the CS/B-CD/TPP-Folic acid/Alg-CUR against KMBC-10 spheroids cells.
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Figure 5 Release profile of curcumin from CS/B-CD/TPP-Folic acid/Alg nano-
spheres through dialysis membrane into PBS (pH 5.8) as receiver medium.

nano capsules via hydrophobic contacts and van der Waals.*
Also, a majority of the apoptotic cells were observed when
folate-modified nano complex used as drug delivery systems
instant of the non-folate-modified nano complex.’’ In
another study, folate receptors were used to enhance the
specificity of the gold nanoparticles by tailoring folic acid
on their surface.>® CUR-loaded nanomicells play a role more
efficient in expression of epithelial-mesenchymal transition
(EMT) markers than curcumin free.>

According to the recent results, curcumin-loaded PLGA
NPs coated with chitosan and PEG can efficiently increase
anti-invasive property, cytotoxicity, apoptosis compared to
curcumin alone.*® Chitosan nanoparticles more efficient
attachment onto cancer cells and PEG nanoparticles may

prevent the phagocytosis process. Moreover, these nanopar-
ticles enhance drug pharmacokinetics in blood.** Similar
results obtained about apoptosis show that curcumin in chit-
osan-coated poly (butyl) cyanoacrylate nanoparticles are able
to make better necrosis and also apoptosis in HepG2 cells
compared to free curcumin.*' In another study, curcumin was
encapsulated in positively charged nanoparticles to deliver
curcumin into the negatively charged carcinoma cells.
Besides, it is mainly important to increase solubility and
cell cytotoxicity.® Alginate was used to synthesize the hydro-
gels that are hydrophilic to conjugate with hydrophobic
anticancer drugs. For example, gold nanoparticles as photo-
thermic agents and alginate hydrogels were used to enable
concurrent thermo-chemotherapy.*** Recent findings indi-
cated that curcumin loaded polyelectrolyte complex (PEC)
nanoparticles prepared from cationically modified gelatin
and sodium alginate (Alg) were suitable complex for delivery
of curcumin to carcinoma cells MCF-7.° Results of the
injection of curcumin in rats were in agreement with similar
research demonstrating that curcumin alone after intravenous
administration was quickly removed from the blood stream,
compared with CUR/nanospheres. However, carriers are able
to effectively avoid rapid clearing of curcumin from the
blood.*” Previous study confirmed that the folic acid interac-
tion with the chitosan by H-bonding and van der Waals
contacts and these are utilized for delivery in vitro, while
we investigated this contact by FTIR analysis.** Cell culture
techniques were divided into 2 and 3 dimensional (2D and
3D) environment that showed an essential role on the cells

International Journal of Nanomedicine 2021:16
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Figure 6 KMBC-10 spheroids cells treated with curcumin and CS/B-CD/TPP-Folic acid/Alg-CUR nanospheres and then stained by Hoechst 33,258 (H) and Pl staining (40 x,
final magnification). (A) Optical microscope, (B) Hoechst staining and (C) PI staining micrographs of KMBC-10 spheroids cells treated with curcumin, respectively. (D)
Optical microscope, (E) Hoechst staining and (F) Pl staining micrographs of KMBC-10 spheroids cells treated with CS/B-CD/TPP-Folic acid/Alg-CUR nanospheres,

respectively. The red cells represent dead cells, while the blue cells indicate live cells.
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Figure 7 Apoptotic assay on the KMBC-10 spheroids cells treated by (A) CS/B-CD/TPP-Folic acid/Alg, (B) Curcumin and (C) CS/B-CD/TPP-Folic acid/Alg-CUR was

analyzed by Annexin V-FITC/PI staining and flow cytometry.

fate and their behavior.** 2D cell culture is used mostly in
cancer research even with all its limitations.* Because of
these limitations, scientists were led to create a model that is
as similar as in vivo conditions. Thereafter, attention was
drawn to 3D cell culture, because of more physiological
similarities to in vivo tests.*® 3D cell culture is done as cell
spheroids/aggregated on matrix or embedded within matrix,

or scaffold-free cell spheroids in suspension.*” Fibrin scaf-
folds were applied to differentiate mesenchymal stem cells in
the previous studies.”® " Scaffold-free cell spheroids in sus-
pension are generated by floating methods include forced and
hanging drop method. For example, various culture condi-
tions were used to differentiate human umbilical cord matrix-
derived mesenchymal stem cells (hUCMs) into insulin
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Figure 8 Evaluation of CXCR, gene expressions level on KMBC-10 spheroids cells that were treated with CS/B-CD/TPP-Folic acid/Alg-CUR and CS/B-CD/TPP-Folic acid/Alg
and curcumin. CXCR4 gene expressions level was decreased in treatment group (CS/B-CD/TPP-Folic acid/Alg-CUR) compared to curcumin and controls.

production cells.’® Results showed that the production of the
insulin was more in hanging drop culture compared to 2D
cell culture. In the present study, forced floating methods was
conducted to have a suspension culture. Paclitaxel loaded
cyclodextrin nanospheres play an important role of the antic-
ancer activity in 3D multicellular spheroids MCF-7 and
following on drug delivery system was investigated in vivo
studies as described previously.>® Previous reports were indi-
cated that expression of CXCR, in the cancer cells was
enhanced.”* Curcumin-loaded CS-ALG-TPP NPs strongly
decreased the apoptotic gene expression (Bax) and also sig-
nificantly decreased the anti-apoptotic gene expression

(Bcl2) compared with carrier and free curcumin.>

Conclusion

According to the release profile’s graph, it could be con-
cluded that the high amount of curcumin was loaded on
the CS/B-CD/TPP-Folic
released slowly during 24 h. Moreover, it is also obvious

acid/Alg nanospheres, and
that the absorption of the curcumin by spheroids was
highly effective because of more reasons. First of all,
using 3D cell culture that creates the environment the
same as in vivo in which cells are permitted to grow and
interact with their surroundings. Secondly, folic acid that
exists on the nanospheres could ligand with folate recep-
tors and uptake the nanospheres inside the spheroids. In
addition, apoptotic mostly occurred in the treated spher-
oids by targeted nanospheres, while the treated spheroids

by curcumin showed necrosis. Proliferation in the treated
cells by targeted nanospheres was significantly less than
that obtained by the traditional delivery system.
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