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Abstract
Background and Objective: Pancreatic cancer (PC) have increased significantly in recent years. Asymptotic manifestation, which can lead
to tumor cells entering the metastatic stage before detection, is one of the main problems with PC. Therefore, the current investigation
was conducted to give an effective treatment method, in which pancreatic cancer was suppressed using an optimized alendronate sodium
(ALS) and glatiramer acetate (GA) (ALS-GA) nanoconjugate. Materials and Methods: To obtain an optimized ALS-GA nanoconjugates,
Box-Behnken design was used. Design-Expert® Software Version 12 (Stat-Ease Inc., Minneapolis, Minnesota, United States) software was
used while size and zeta potential was selected as responses. To evaluate the anticancer efficacy, analysis of IC50, Bcl-2, Bax, p53, etc., were
tested. Results: The particle size of the optimized nanoconjugate was found to be 28.4±1.2  nm.  The  cytotoxicity  in  terms of IC50 for
ALS-GA nanoconjugate was found to be (4.13± 0.2 µg/mL) enhanced than GA alone (12.6±0.2 µg/mL) or ALS alone (20.4±0.4 µg/mL).
Besides, Bax, Bcl-2, p53 and caspase 3 estimation also showed superior apoptotic activity for ALS-GA nanoconjugate. However, as
compared to ALS alone, GA alone, nanoconjugate showed increased expression of TNF-" and anticancer activity. Conclusion: These data
revealed superiority of ALS-GA nanoconjugate over individual components, making it a novel approach for PC treatment.
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INTRODUCTION

Cancer kills more people worldwide than any other type
of tumor. As many as 1.88 million people become sufferers of
the disease in 2018. In 2020, pancreatic cancer (PC) will
account for 10% of all new cases of cancer and 9.4% of all
estimated number of deaths due to cancer, making it the
second leading cause of cancer-related mortality recorded
behind lung cancer (18%)1.

Apoptosis  and anti-angiogenic  effects  of
bisphosphonates have been proven in vitro in numerous
cancer cells. As a result, bisphosphonates are being
investigated as possible adjutant agents for intestinal
cancers2,3. Due  to  their  ability  to  decrease  protein
prenylation and compromise cellular function and survival,
nitrogen-containing bisphosphonates have been reported to
offer  superior anti-tumor  effects  in  vivo4. Alendronate
sodium (ALS) is a bisphosphonate that may both be employed
as a medicinal drug and as a targeted moiety. Osteoporosis,
Paget’s disease, primary hyperparathyroidism, malignant
hypercalcemia and metastatic bone disorders are among the
conditions for which ALS is given orally as a therapy option5,6.
The ALS’s cytotoxicity might be put to good use7,8. Researchers
have shown that ALS can act synergistically to slow tumor
growth and migration, making it a potentially useful cytotoxic
drug9,10. As an alternative to conventional treatments like
chemotherapy and radiation, cancer immunotherapies are
now available11. Innate immune responses are activated by the
majority of immunostimulants being studied for cancer
immunotherapy. Costimulatory molecules and antigen
presentation are increased when immunostimulants are
applied in the presence of antigen. This can lead to the
production of tumor-specific T-cells12.

There have been reports that glatiramer acetate (GA), a
positively charged polypeptide, can deliver plasmid DNA into
cells13. The FDA-approved relapsing-remitting multiple
sclerosis medication, has recently been demonstrated to
remain at the injection site and form aggregates in situ,
suggesting that it might be useful as a drug delivery agent14.

The recent introduction and formulation of nanoparticle-
based pharmaceutical actives has opened several doors for
the   diagnosis,   treatment   and   cure   of   difficult  diseases.
A variety of nanostructures may be turned into smart systems
through fine-tuning their sizes, shapes, surface modification,
surface features and materials employed. The controlled
release treatment provided by these nanosized structures can
be delivered to specific tissues or locations. This extended and
targeted medication administration reduces drug toxicity and
improves patient compliance with fewer dose intervals15. As a
result  of  nanotechnology advancements in cancer treatment,

there are several avenues to overcome current obstacles16. As
a medication delivery system, nanostructures provide several
benefits. For cancer therapy and imaging, nanoparticles,
tubes, nanovesicles, nanocaps, nanoemulsions, nanodots and
nanowires are amongst the nanostructures being extensively
researched17. It is also worth noting that drug nanocomplexes
can be classified as nanocarriers since the drug is attached to
or loaded within the nanocarrier. Polymer, lipid, peptide, or
even DNA can be used as a carrier molecule18-20. As a result,
nanoparticles that are well-designed allow for targeted
medicine delivery to tumors or certain cell populations
without negatively affecting healthy tissues and organs21. 

Ideally, a nanoparticulate-based drug delivery system
(DDS) would concentrate in the desired organ or tissue while
also penetrating target cells to release the bioactive
substance. Nanoparticulate DDS, for instance liposomes and
micelles, are often used for the purpose of enhancing the
efficacy of drug and DNA delivery and site-specific targeting22.
Although many drug carriers are currently under
development,  only  a  few  number  of  them  have been
shown to be effective in getting pharmaceuticals and DNA
into cells by bypassing the endocytic route, therefore
increasing medication efficacy and DNA integration into the
cell genome23,24. Advances in nanomedicine have led to the
formulation of drugs and other physiologically relevant
chemicals that are incorporated into nanoscale structures
platform  for  an  enhanced  targeted  delivery  to  sites of
action.  Thus,  in  this  work,  the effects of nanocomplex of ALS
(a nitrogen-containing bisphosphonate) with GA for the
management of pancreatic cancer.

MATERIALS AND METHODS

Study area: Formulation was carried out at Nanotechnology
Laboratory in 2022, Faculty of Pharmacy, King Abdulaziz
University, Jeddah, Saudi Arabia. However, IC50, Bax, Bcl-2, p53
and caspase 3 were carried out by Dr. Essam Rashwan at Cell
Culture Lab (VACSERA-Egypt) in 2022.

Chemicals and materials: The ALS was a gift from SPIMACO
(Qassim, Saudi Arabia), GA was purchased from Natco Pharma
Pharmaceutical company (Banjara Hills, Hyderabad, India),
Human Pancreatic carcinoma PANC1 was kindly supplied from
cell culture, departments (VACSERA-Egypt).

Methods
Experimental  design  for  optimization  of  ALS-GA
nanoconjugates:  To  obtain  an  optimized  ALS-GA
nanoconjugates, Box-Behnken design was used. The
independent       variables       were        ALS        concentration 
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Table 1: Independent variables’ levels and the constraint of the dependent variable (particle size constraint) used in the Box-Behnken design for the optimization of
ALS-GA nanoconjugates

Levels
---------------------------------------------------------------------------------------------------------------------------------------

Independent variable (-1) (0) (+1)
X1: ALS molar concentration 0.50 1.25 2.00
X2: Incubation time (min) 5.0 17.5 30.0
X3: Sonication time (min) 2.0 8.5 15.0
Responses Desirability constraint
Y: Particle size (nm) Minimize
ALS: Alendronate sodium and GA: Glatiramer acetate

Table 2: Combination of variables’ levels along with their resultant particle size for ALS-GA nanoconjugates experimental runs prepared as per Box-Behnken design
Independent variables

------------------------------------------------------------------------------------------------------------------------------
Experimental run# ALS molar concentration (mM) Incubation time (min) Sonication time (min) Particle size (nm)
F1 1.25 5.0 2.0 302
F2 1.25 17.5 8.5 275
F3 0.50 30.0 8.5 243
F4 2.00 17.5 2.0 423
F5 2.00 17.5 15.0 421
F6 1.25 30.0 2.0 356
F7 2.00 5.0 8.5 398
F8 1.25 30.0 15.0 347
F9 2.00 30.0 8.5 453
F10 1.25 17.5 8.5 276
F11 0.50 5.0 8.5 166
F12 1.25 17.5 8.5 275
F13 1.25 5.0 15.0 266
F14 0.50 17.5 2.0 220
F15 0.50 17.5 15.0 183
ALS: Alendronate sodium and GA: Glatiramer acetate

(ALS  conc., mM, X1), incubation time (IT, min, X2), in addition
to sonication time (ST, min, X3),  while  the  studied  response 
was particle size (PS, nm, Y). The  independent  variables 
employed  in  this study  along  with  their  levels  were 
depicted in Table 1. The 15 experimental runs that were
generated by Design-Expert® Software Version 12 (Stat-Ease
Inc., Minneapolis, Minnesota, United States) by combining
various levels of the independent variables as well as their
measured particle size are shown in Table 2. On the basis of
Analysis of Variance (ANOVA) provision, the significance of the
variables’ effects and the interactions between them on the
measured size was determined. A p<0.05 indicates a statistical
significance. With respect to coded factors, the equation that
represents the best fitting sequential model for size was
computed. The selection of the best fitting model was
according to the highest determination coefficient (R2) as well
as the least predicted residual sum of squares (PRESS). For
selection of the optimized formulation, numerical
optimization technique was applied. The objective outcome
was to minimize particle size to its least possible value.

Particle size measurement: Using the Nano-ZS analyzer, the
ALS-GA  particle  size  was  determined  using  the dynamic
light      scattering         technique          (Malvern      Instrument,

Worcestershire, UK). Samples were appropriately diluted using
the formulation’s aqueous phase to reach an optimal count of
50-200 kilocounts per second (kcps). The data are the average
of five measurement±standard deviation (SD).

Characterization of the optimized ALS-GA: For analysis of the
optimized ALS-GA, a transmission electron microscope (JEOL
GEM-1010, JEOL Ltd., Akishima, Tokyo, Japan) was employed
by  The  Regional  Center for  Mycology  and  Biotechnology
(Al- Azhar University, Cairo, Egypt). A single drop of the diluted
GA dispersion was put to a carbon-coated grid, adsorbed on
the carbon film for three minutes. Then, the adsorbed GA was
stained using phosphotungstic acid (1% w/v, pH 6.8).
Following the removal of the extra stain, the grid was carefully
air-dried. The  coated  samples  were  then  examined  at
30,000 times magnification and micrographs were recorded.
Further, three freeze-thaw testing cycles (between -20 and
25EC) were conducted in order to investigate the stability of
the optimized ALS-GA. Samples were then analysed for
particle size and compared to those of freshly prepared GA.

Cytotoxicity study of optimized ALS-GA via MTT assay: The
PANC1 cells (5×103 cells/well -96 well plate) were seeded.
After 24 hrs adherence,  the  optimized ALS-GA conjugate was
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added at appropriate concentrations  prior  to  incubation for
24 hrs. Then, growth medium was replaced with 200 µL of PBS
and 20 µL MTT stock solution (5 mg/mL in PBS) and incubated
for 4 hrs. Subsequently, MTT solution was replaced with DMSO
for 30 min. Measurement of absorbance of formazan crystals
was performed at 570 nm using microplate reader. Cell
viability was expressed as percentage of absorbance related
to untreated cells.

Caspase 3 estimation: The caspase 3 level was determined
using a colorimetric assay kit (BioVision, Milpitas, CA, USA) in
treated PANC1 cells with varied substances. The PANC1 cells
(3×106 cells/well) were cultivated for this purpose and treated
with a variety of substances, including normal saline, ALS
alone, GA and ALS-GA. Additionally, treated cells were
suspended in lysate buffer (ice-cold) and incubated on ice for
ten minutes. After 10 min, cells were centrifuged at 10,000 g
for 1 min and the acquired samples were utilized for caspase-3
estimate as per the manufacturer’s instructions and the
evolved colour at 405 nm was evaluated using a microplate
reader25.

Real-Time Polymerase Chain Reaction (RT-PCR) for
estimation  of  Bcl-2,  Bax,  p53,  caspase  3 and TNF-": The
RT-PCR was used to evaluate Bcl-2, Bax, p53, caspase 3 and
TNF-"  expression.  The  PANC1  cells  were  cultured  with
ALS-raw, GA and ALS-GA for the indicated times. The cell
fraction was used to extract RNA and then cDNA was
synthesized.  Using  the  Gene  Runner  software, primers for
Bcl-2, Bax, p53, caspase 3 and TNF-" were designed. The
produced samples were quantified in triplicate for expression
and the samples were normalized using actin26,27.

Statistical analysis: All experimental values were expressed
as Mean±SD. One Way ANOVA followed by post-hoc  analysis
using Tukey’s multiple comparison test was used where
p<0.05 was considered to be statistically significant.

RESULTS

Experimental  design  for  optimization  of  ALS-GA
nanoconjugates
Fit statistics and diagnostic analysis: The quadratic model,
as demonstrated by its highest R2 and least PRESS, was the
best fitting model amongst the investigated sequential
models for the particle size of the generated ALS-GA
nanoconjugates; the model fit analysis findings were shown
in Table 3.

Amongst the explored sequential models, the greatest
correlation (R2) and least predicted residual sum of square
(PRESS);  was found  to  be  those  corresponding  to  the
quadratic model; accordingly it was considered as the best
fitting model for the ALS-GA conjugates particle size; results of
the model fit analysis were summarised in Table 3. Further,
adequate precision value indicated was 310.82, suggesting an
adequate signal-to-noise ratio and, as a result, the model was
a suitable tool to explore the experimental ‘design space’.
Figure 1 illustrated the diagnostic plots for the observed
response (particle size) generated, as another statistical
parameter to assess the goodness of fit for the selected
sequential model.

Figure 1(a), displaying normal probability plots of
residuals, shows a linear trend indicating the normal
distribution of residuals, with no transformation being
required for the data. Figure  1(b-c),  which  present  the 
externally  studentized residuals versus either predicted
response or run number, respectively, show randomly spread
points that lie within the boundaries, indicating the absence
of continuous error or lurking variable that may interfere with
the observed size. In addition, the predicted particle size
values vs actual values’ plot, shown in Fig. 1d, implies that the
predicted and actual particle sizes are in a reasonable
agreement, confirming that the model is valid.

Variables’ effect on particle size (Y): It is well established that
the average size of nanoscaled drug delivery systems is a key
factor impacting the penetration of active therapeutics
through biological membranes. Table 2 showed that the
developed  ALS-GA   nanoconjugates ranged   from  166 to
423 nm. According  to  results  from  ANOVA,  the  computed
F-value of 9669.31 (p<0.0001) confirmed the validity of the
proposed quadratic model, with as little as 0.01% chance that
this high value could be attributed to noise. In terms of coded
factors, the equation for the quadratic model was created as
follows:

Y = 275.33+110.37 X1+33.37 X2-10.50 X3-5.50 X1X2+8.75 X1X3+6.75
X2X3+16.83 X1

2+22.83 X2
2+19.58 X3

2

Analysis of variance revealed that all the independent
variables exhibited a highly significant effect on the size as
depicted by a p-value of less than 0.0001 for all the linear (X1,
X2 and X3) and quadratic (X1

2, X2
2 and X2) terms. In addition, all

the interaction terms were also significant (95% level of
significance). Figure 2(a-d) displayed perturbation plot and
contour (Two-Dimensional, 2D) plots for the investigated
variables’ effects on the size as well as their interaction.
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Fig. 1(a-d): Particle size diagnostic plots of ALS-GA nanoconjugates, (a) Residuals’ normal probability plot,  (b) Externally
studentized residuals vs. predicted size, (c) Externally studentized residuals vs. run number and (d) Predicted vs. actual
size plot

Figure 2(a-d) show that particle size is directly
proportional to both ALS molar conc. and IT, while it is
inversely  proportional  to  the  ST.  The  positive  sign  of both
X1 and X2 coefficients and the negative sign of X3 confirms
these findings. The order  of  the  effects  of  variables on
particle size, determined by the value of the corresponding
coefficients  in  the  sequential  model  equation,  was found
to be ALS molar conc. >IT>ST. Previous data have reported
that at higher drug levels particle size of nanoconjugates
increase. A proper explanation for the observed particle size
increase when incubation duration is concomitantly increased,

could be associated with increasing liability of drug
conjugation with GA. Clearly, at longer incubation time, the
quantity of drug molecules binding to GA increases, leading to
an increase in the average particle size of the conjugates.
Furthermore, the negative influence of sonication time on
particle size has been documented earlier for a variety of
nanoparticulate systems. It could be due to the cavitation
forces created by the sonicator’s ultrasonic waves. Such forces
could perhaps lead to a diminished particle size as
fractionation of the developed conjugates could possibly
occur.
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Fig. 2(a-d): Perturbation plot, (a) Contour 2D-plots and (b-d) Influence of ALS concentration (X1), incubation time (X2) and
sonication (X3) on the particle size of ALS-GA conjugates

Optimization: The optimal levels of the tested independent
variables, which could achieve the previously set goal of
obtaining the least possible particle size upon combination,
were   predicted   as   follows:   0.518   mM   for   ALS   molar
conc.,  5.4  min  for  ST  and  14.2  min  for  IT.  The  optimized
ALS-GA nanoconjugate was formulated, thereafter testing for
particle  size  as  well  as  the  biological  activity  in  cancer cells
was  carried  out.  The  optimization approach validity is
demonstrated  by  the  low   percentage   error   of   1.25% 
between  the  expected (160 nm) and measured particle size
(158 nm).

ALS-GA nanoconjugates cytotoxic activity in PANC1: The
optimized  formula  of  ALS-GA  nanoconjugate  was assessed

for  cytotoxicity  in  PANC1  cancer  cell  line  along  with free
ALS and free GA. The ALS-GA nanoconjugate (IC50 value of
4.30±0.190)  is  significantly  more  toxic  than GA
(12.60±0.58 µg/mL) in PANC1pancreatic cells. The optimized
formulation of the nanoconjugate is three fold more effective
than corresponding free GA. On the other hand when
comparing free ALS with others, free ALS appears to be less
toxic than both GA and ALS-GA nanoconjugate in PANC1 cells
as represented in Fig. 3.

ALS-GA nanoconjugates modulate Bax and Bcl-2 protein
levels: A probable explanation to the Bax expression is
associated with pro-apoptotic events, whereas the Bcl-2
expression   could     be    due    to    antiapoptotic    activities. 
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Fig. 3: IC50 of the ALS, GA and ALS-GA in the PANC1 cells
Values of the four independent experiments are Mean±SD, *Significant vs ALS, p<0.05 and #Significant vs GA

Fig. 4(a-b): Modulation of ALS, GA and ALS-GA treatments on (a) Bax and (b) Bcl-2 protein concentrations in PANC1 cells
Values of the four independent experiments are Mean±SD, *p<0.05 for significance vs control (p<0.05) and #Significance vs control

Table 3: Model fit statistics for the particle size of ALS-GA nanoconjugates
Source Sequential p-value Lack of fit p-value SD R² Adjusted R² Predicted R² PRESS
Linear <0.0001 0.0007 20.07 0.9603 0.9495 0.9417 6515.72
2FI 0.7404 0.0005 21.86 0.9658 0.9401 0.9298 7842.96
Quadratic <0.0001 0.1517 1.13 0.9999 0.9998 0.9992 93.50

Figure 4a  illustrates   the   modulation   of   Bax   levels   in 
PANC1  cells upon exposure to various experimental
conditions. Interestingly, all the treatments, including ALS,
seemed to enhance significantly (p<0.001) Bax levels when
compared to untreated cells. A significant marked
enhancement of the Bax expression was observed upon GA
treatment, in comparison to ALS (p<0.001). It was notably
observed that the most prominent effect was for PANC1 cells
treated with ALS-GA nanoconjugates for 24 hrs.

The  complete  opposite  pattern  for  Bcl-2  levels,
compared   to   the   corresponding   Bax   protein   trend   was

detected (Fig. 4b). Taking these different expression pattern
into consideration, we can conclude that ALS-GA
nanoconjugate induce apoptosis in PANC1 cell line.

Indeed,  apoptosis  is  regarded  as  a  decisive parameter
for  quantifying  the  activity  of  anticancers.  Indeed,
apoptosis  is  regarded  as  a  decisive  parameter  for
quantifying the activity of anticancers. Thus, the drug’s
anticancer potency is determined by a balance of pro and
anti-apoptotic proteins. In the current work, administering
ALS-GA nanoconjugate dramatically raised the expression of
pro-apoptotic proteins such as Bax, caspase 3  and  p53 while
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Fig. 5(a-c): Expression level of different pro and anti-apoptotic proteins such as (a) Caspase 3, (b) TNF-" and (c) p53 against PANC1
cells when treated with ALS, GA alone and ALS-GA nanoconjugate
*p<0.05 for significance vs. ALS and #p<0.05 for significance vs GA

decreasing the expression of anti-apoptotic protein Bcl-2
compared to ALS and GA alone (Fig. 5a-c). However, as
compared to ALS alone, GA demonstrated enhanced
apoptotic activity.

DISCUSSION

Both the incidence and frequency of PC has increased
dramatically in recent years28,29. Therefore, an ALS and GA
nanoconjugate was produced, developed and described in
the current research. The formulation’s anticancer potential
was confirmed in PANC1 cells by the use of MTT assay, a
variety of apoptotic measures, gene expression analysis,
inflammatory markers and cell cycle arrest research.
Implementing the experimental design along with
optimization procedure aimed to explore the effect of the
selected factors on the observed response and to optimize the

variables’ levels for the purpose of achieving objectives that
have been previously established30,31. The efficacy of nano-
scaled particulate delivery systems entering the body is highly
dictated by the size of the particles delivered. Collectively,
current findings indicated that there is a proportional increase
in the size of the spheres, as the GA molar ratio and incubation
duration are increased. It is possible that the cationic character
of GA is responsible for its impact. After obtaining the
optimized formula, in vitro experiments were conducted,
where  the  GA  ability  to  augment  the  antineoplastic 
activity of a subtoxic concentration of ALS against PANC1 cells
was  tested32,33.  It  is  recognized  that  PANC1  cells  serve as 
an-established  experimental  model  for  investigating the
toxic potential of ALS alone or combined with other anticancer
drugs on PANC1. In fact, we imply an improved therapeutic
potential  of  ALS-GA  after  obtaining  data  of  the  different
IC50   values    (Fig.    3),    under   our   experimental  conditions.
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A substantial difference was noted between the IC50 values
recorded for either ALS alone or GA. Undoubtedly, because of
the synergistic cytotoxic effect achieved by conjugating ALS
to the peptide GA (ALS-GA nanoconjugates), carrying out this
research is imperative from several perspectives. Regardless of
the global widespread use of ALS for conventional therapies
as well as non-conventional therapie (e.g., treatment of
cancer), clinically significant adverse effects have been
reported earlier, even when the drug is administered at
therapeutic doses. Additional evidence of the improved
anticancer activity of ALS-GA nanoconjugates was obtained
when assessing the impact on the cell cycle phases of PANC1
tumor cells. These findings were in close agreement with
previously published data, which has demonstrated the ALS
capability to trigger apoptosis in a variety of cell types,
including vascular endothelial cells. Immune T cells and mast
cells. Noteworthy, the pro-apoptotic action of ALS occurs at
minimal (sub-toxic) concentrations and is attributable to the
synergism obtained when the drug is combined with GA, in
the contrary to the proven relative minimum activity of the
drug in its free form (ALS). The capacity of this synergistic
combination to modify Bax (raise) (Fig. 5a) and Bcl-2 (reduce)
(Fig. 5b) protein levels in PANC1 cells added further support to
the findings on ALS-GA pro-apoptotic activity. As previously
reported by Zhan et al.7, the potential of ALS to trigger cell
death via the elevated activation of pro-apoptotic
components, for instance caspase-3 and Bax, while
concurrently decreasing Bcl-2, was consistent with the current
findings of the present study. Despite the fact that the ALS-GA
combination demonstrated the substantially greatest
antineoplastic activity, the activity of GA alone is equally
noteworthy. According to the results of nearly all of the in vitro
cell  experiments,  the  anticancer  activity  of  GA used solely
at  IC10  concentration  was  found  to  be greater than that of
the drug in its free form (ALS). It should be pointed out that
this is consistent with multiple recent studies of Huang et al.28

and   Laso½   et   al.29,  wherein  it  was revealed that GA was
able  of  suppressing   the    epidermal  growth  factor
receptors (EGFR)  1  and  2.  The  current  findings  further 
demonstrated  that  combining  this natural substance along
with another antineoplastic therapeutics resulted in providing
markedly potent anticancer activity than either treatment
alone.

Conventional DDSs are unable to deliver antineoplastic
therapeutics in the optimum and greatest effective
concentration necessary to trigger tumor cell death and as a
result,  crippling side  effects are experienced. Nanoconjugates
containing the combination of two antineoplastic drugs
provide a unique approach to increase the estimated

therapeutic   index     and     pharmacokinetic    behaviour    of
chemotherapeutic drugs. Based on the evaluation of the
physicochemical properties of the formulated ALS-GA
nanoconjugates;  namely  particle  size,  surface  characteristics
and  stability  profile,  it  is strongly believed that
intraperitoneal  administration  of  these  nanoconjugates
could  follow  the  five  steps  of  the  CAPIR  cascade  in a
highly efficient manner. In order to explore the
pharmacokinetic profile of ALS-GA nanoconjugates in animal
models,  more  in  vivo  investigations  will  be  necessary  in
the  future.

CONCLUSION

Using Box-Behnken-based design, multiple formulae were
created an optimal ALS-GA nanoconjugate with the smallest
particle size. The therapeutic effectiveness of the optimized
ALS-GA nanoconjugate, ALS alone and GA alone was
determined by treating PANC1 cells. To assess anti-PC effects,
cells were treated with the optimized formula to evaluate the
cytotoxicity, Bax, Bcl-2, p53, caspase 3 and TNF-". Results
showed super anti-PC activity. Overall, based on these results
for ALS-GA nanoconjugate, it is possible to conclude that it
might  be   a   unique  and  promising  PC treatment way and
in vivo  studies required to confirm these results.

SIGNIFICANCE STATEMENT

This work aims to explore the efficacy of the novel
electrostatic  complex  against  pancreatic  cancer cells,
different formulae with different molar ratios of alendronate
and glatiramer acetate were created. Nitrogen-containing
bisphosphonates have been shown to have better anti-tumor
effects in vivo because of their capacity to reduce protein
prenylation  and  jeopardize  cellular viability and function.
One  bisphosphonate  that  can be used as a medication and
a targeted moiety is alendronate sodium (ALS). Positively
charged polypeptide glatiramer acetate (GA) has been
reported  to  carry  plasmid  DNA  into cells. This study
revealed superiority of ALS-GA nanoconjugate as a
prospective formula against pancreatic cancer cells. In vivo
studies should be follow this work to evaluate its effectiveness
in humans.
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