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1. INTRODUCTION  
Staphylococcus aureus (S. aureus) and 
Escherichia coli (E. coli) are capable to cause a 
wide range of infections [1-3]. These bacteria can 
become pathogenic following a perturbation to 
their host (e.g., disease, wound, medication, prior 
infection, immunodeficiency, and aging). They 
have a critical role in opportunistic infection 
because of their multiple virulence factors that 
include protein A, coagulase, collagenase, 
hyaluronidase, hemolysins, lipases, different 
toxins, adhesive proteins, and also proteins 
affecting the biofilm formation. Various 
mechanisms caused S. aureus and E. coli bacteria 
to display resistance to many different antibiotics. 
Antibiotic resistance is a growing public health 
concern and has become increasingly widespread 
in the world [4-6]. Due to their rising rate, there is 
urgent to detect novel antimicrobial compounds 
[7]. 
In the past few decades, some antibiotics have been 
introduced with more efficiency, but none of them 
have improved activity against multi-resistant 
bacteria after a short period of time. In addition, in 
some cases the use of antibiotics alone does not 
produce the ideal operative inhibitory effects; 

accordingly a combination of drugs with plant 
extract often imposes their synergistic effect which 
surpasses their individual performance [8].  
Plant-derived materials are novel and robust 
vehicles for drug delivery which improve the 
stability and bioavailability of the active 
ingredient, also enhance the drug performance [9]. 
Pollen, the male reproductive element of flowers, 
can stimulate special attention in the biomedical 
research field due to its significant advantages in 
many aspects such as biocompatibility, tuneable 
pore size, and large specific surface area in 
addition to medicinal properties [10, 11]. Plants 
pollen as a natural porous carrier provides a 
synergism effect to inhibit a particular species of 
microorganisms. Pollen grains could be used to 
protect and deliver a range of different drugs and 
facilitate the release of antibiotics on a specific 
target. The pollen shells also develop new 
techniques to tackle antibiotic resistance and can 
effectively protect the light-sensitive antibiotics 
from rapid decomposition [12]. 
The antimicrobial activity of natural pollen has 
already been confirmed against human bacterial 
pathogens, human fungal pathogens, and different 
plant pathogens [13, 14]. Moreover, they could be 
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Abstract 
Herein, the date palm pollen (DPP) grain was used as an amikacin (AMK) delivery vehicle for the first time. The AMK-loaded 
DPP was characterized using scanning electron microscopy (SEM), Fourier-transform infrared (FT-IR) spectroscopy, and surface 
area (BET) analysis. The pore size of DPP was obtained 80 200 nm that was favorable to the drug uptake. The effects of pH and 
temperature were studied on the AMK loading in DPP. The study of drug release kinetics in phosphate buffer pH 7.4 at 37 oC 
suggested that the best kinetic model was the Higuchi equation. The antibacterial activity of AMK-loaded DPP (AMK-DPP) was 
investigated on Staphylococcus aureus and Escherichia coli bacteria by the agar-well diffusion method. Minimum inhibitory 
concentration (MIC) and minimum bactericidal concentration (MBC) for AMK were also carried out by using broth dilution 
method. The similarity of the results between MIC and MBC is considerable. However, an  intense reduction in the MBC was 
observed after AMK loaded on palm pollen. Moreover, the AMK-DPP was utilized to improve the effectiveness of AMK against 
the dangerous forms of antibiotic-resistant bacteria. In general, AMK-DPP shows to be a new favorable method allowing in the 
management of Gram-positive and Gram-negative bacterial infections and may be further evaluated in in-vivo experiments. 
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an important tool in fighting against antimicrobial 
resistance. Metwaly et al. demonstrated that palm 
pollen extract showed both anti-inflammatory and 
anti-apoptotic activities and it can be used to 
develop new herbal medicine [15]. The natural 
bee-bread and bee-pollen from different aromatic 
and medicinal plants were studied for their 
antimicrobial activities on antibiotic-resistant 
bacterial strains isolated from human pathology. 
All samples showed strong antimicrobial activities 
on the bacterial strains, first tested for their 
resistance to antibiotics [16].  
Given these particular features, the microcapsules 
extracted from the pollens of Corylus avellana 
were employed as a carrier for pantoprazole 
delivery [17]. There are only afew reports 
concerning the use of DPP as a vehicle for drugs 
[18]. Alshehri et al. extracted sporopollenin 
capsules from date palm (Phoenix dactylifera L.) 
spores and coated them by natural polymer 
composite (chitosan with glutaraldehyde). The 
polymer-coated macroporous capsules were used 
in the in vitro-controlled delivery of ibuprofen and 
paracetamol [19, 20]. AMK demonstrated an 
improved efficiency in long-term clinical 
treatment, due to its chemical structure that has 
fewer points susceptible to enzymatic inactivation 
than the other aminoglycosides [21]. Herein, the 
model of in vitro release of antibiotics from the 
AMK-DPP was studied for the first time. 
Afterward, the antimicrobial efficiency of AMK 
laden porous scaffold DPP was studied and 
measured with the free (untrapped) drug as a 
control against S. aureus and E. coli bacteria. 
 
2. EXPERIMENTAL 
2. 1. Chemicals and apparatus 
DPP (Phoenix dactylifera L.) was obtained from 
trees grown at an agricultural research station 
orchard of Azizabad, Bam, Kerman, Iran. AMK 
antibiotics were purchased from Merck Company 
(Merck, Germany). The strains, including S. 
aureus PTCC 1431 and E.coli PTCC 1396 were 
prepared from the archive section of the 
microbiology department, Rasht branch of Islamic 
Azad University.  
FT-IR spectra of untreated DPP, AMK, and AMK-
DPP were analyzed by using a Perkin Elmer 100 
FT-IR Spectrometer in the 400 4000 cm  region. 
The morphology and size of the sample were 
determined by using a field emission scanning 
electron microscopy (FESEM) analysis. The 
nitrogen adsorption-desorption analysis was 
performed using a BETSORP-mini II (Microtrac 
BEL, Japan) to examine the Brunauer-Emmett-
Teller (BET) surface area and pore size 
distribution. AMK concentration in the solution 
was quantitatively determined by measuring the 

absorbance at a maximum wavelength of 565 nm 
using a UV Vis spectrophotometer (Unico, Model 
SQ2800, USA).  
 
2.2. Loading AMK into the DPP 
20 mg of DPP was added to 50 mL of distilled 
water at room temperature under magnetic stirring. 
As well, 25 mg AMK was dissolved in 5 mL of 
distilled water by gently stirring at 25°C and then 
was added to DPP suspension and stirred at room 
temperature for certain time. AMK DPP 
suspension was centrifuged at 4000 rpm for about 
15 min and the supernatant was separated. With 
regard to determination of the AMK amount 
loaded into the DPP, the absorbance of the 
suspension was determined at wavelength of 565 
nm and assigning it to the standard calibration 
curve. The next equations given below were 
utilized to calculate the amount of loaded drug and 
the percentage loading (%) of AMK: 
Amount of drug (mg) = (Absorbance × dilution 
factor)/(Slope × 1000)                                        (1) 
Loading content (%) = (Amount of drug into DPP 
/ Initial amount of DPP) × 100                           (2)  
Drug loading efficiency (%) = (Amount of loaded 
drug / Amount of drug in feed) × 100                (3) 
The effect of different parameters such as loading 
time, pH and temperature of the solution were 
investigated for drug loading efficiency into 
AMK-DPP. The control of solution pH was 
performed by a pH meter and adding 0.1 M 
hydrochloric acid and sodium hydroxide.  
 
2.3. In vitro drug release study  
The AMK delivery rate was determined by solving 
10 mg of dry powder of AMK-DPP into 10 ml of 
phosphate buffered saline (PBS) in pH=7.4, then 
was preserved at 37 °C with continuous magnetic 
stirring. At different time intervals, 2 mL of release 
media was gathered and centrifuged to identify the 
amount of AMK. The withdrawn solution was 
replaced with an equal volume of fresh buffer to 
keep the total volume constant. The drug amount 
of the cumulative release from the AMK-DPP was 
calculated with a standard calibration curve.  
Amount of AMK (mg/mL) = (Absorbance / Slope) 
± intercept                                                           (4) 
Milligram of AMK = (Concentration × Volume of 
dissolvent buffer)                                                (5) 
Collective release (%) = [Volume of sample 
withdrawn (ml) / Bath volume (ml)]×P (t 1)+Pt    (6) 
where Pt is the percentage release at time t and P (t
1)  
Several mathematical equations have been 
established to determine the kinetic model of the 
release of the loaded drug [22]. The drug release 
kinetics were most often analyzed using kinetic 
models such as zero- and first-order, and Higuchi. 
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In this study, the three models were evaluated to 
recognize the in vitro delivery kinetics of AMK 
from the porous pollen carrier. In a zero-order 
reaction, the rate is supposedly liberated of the 
reactant amount. The zero-order kinetics model is 
as the following equation: 
Qt =Q0+ k0t                                                         (7) 
where t is the time and Q0 and Qt are the amounts 
of released drug in the initial time and in the t time, 
respectively. k0 is the constant of zero-order rate. 
To determine the release mechanism, the value of 
K0 was obtained from the slope of the linear plot of 
cumulative amount of drug release against the 
time. The model of the first-order kinetics can be 
measured by the equation [23]; 
log Qt = logQ0 + k1t/2.303                                 (8) 
where Qt is the collective drug concentration 
released in the period of t time, Q0 is the primary 
concentration of the drug in the solution, k1 is the 
constant of the first-order model and t presents the 
time. The logarithm of collective amount of the 
released AMK was recorded against time and 
k1/2.303 is calculated through the slope of the 
achieved line. 
Higuchi model which is based on the Fickian 
diffusion control is calculated by the simplified 
Higuchi equation [24]; 
Qt = Q0 + kHt1/2                                                  (9) 
where kH is the Higuchi constant in the time t. 
Concerning to obtain the kinetics of the drug 
release, the plot of collective amount of liberated 
drug versus the square root of time was prepared. 
Thermodynamic factors like the change in the 

indicators for practical applications. The 
thermodynamic results were obtained at 298, 308, 
318 and 328 K. To determine these parameters of 
AMK release, the Kd values were calculated using 

 
-RTlnKd                                                      (10) 

Kd=                                                                 (11) 

-                                        (12) 
 (Kd =the distribution coefficient, 
T=temperature(K), R=the gas constant (8.3145 
J/mol.K), Ce= equilibrium concentration of AMK 
in water (mg/L), qe =the amount of the release 
AMK per unit mass of the adsorbent (mg/g)). 
 
2.4. Antibacterial activity of DPP, AMK, and 
AMK-DPP 
The antibacterial activity of DPP was tested 
against S. aureus and E.coli strains by the agar-
well diffusion method. S. aureus and E.coli (0.5 
McFarland turbidity) were prepared in Mueller-
Hinton broth and were plated onto Mueller-Hinton 
agar directions by sterile swabs. Afterward, wells 
were punched in the plates using a sterile stainless 
steel borer. The wells were filled with 0.25, 0.5, 1, 

and 2 mg/ml palm pollen water extract per well. 
The plates were incubated at 37 °C for 24 h. The 
diameters of the inhibition zones were measured in 
millimeters. 
In addition, the antibacterial activity of AMK and 
AMK-DPP was conducted against S. aureus and 
E.coli strains using the agar-well diffusion method. 
Afterward, minimum inhibitory concentration 
(MIC) and minimum bactericidal concentration 
(MBC) for AMK and AMK-DPP were carried out 
by using broth dilution method according to 
clinical and laboratory standard institute guideline 
(CLSI). Therefore, the different concentrations of 
AMK and also AMK-DPP in the range of 0.19-100 
(mg/ml) were tested. Next to 24 and 48 h 
incubation at 35°C 37°C, the test tubes were 
determined for probable bacterial turbidity, MBC 
and MIC of each test compound was examined 
individually. 
 
3. RESULT AND DISCUSSION 
3.1. Characterization of AMK-DPP 
Fig. 1 depicts the preparation process of AMK-
DPP and also its antimicrobial activity in 
comparison to the AMK and the bare DPP against 
S. aureus and E.coli. 
 

 
Fig. 1. Schematic diagram of the AMK-DPP preparation 
and its antimicrobial activity, (A) DPP, (B) AMK, and 
(C) AMK-DPP. 
 
The presence of different functional groups on the 
surface of the raw DPP, AMK antibiotic and 
AMK-DPP were identified by FTIR analysis (Fig. 
2). The comparison of the spectra represents the 
successful interaction between AMK and DPP 
scaffold. The presence of hydroxyl groups of 
alcoholic and phenolic fragments in pectin, 
cellulose and lignin structures produce the broad 

pollen (Fig. 2A), the is due to. The peaks detected 
d to 

the stretching vibrations of the aliphatic C-H. 
The peak observed at 1658.67 is due to C=C 

carbonyl groups of the protein amide I linkage in 
the pollen structure. In addition, the peaks at 
1456.16 and 1409.78 -N 
stretching and N-H bending of the protein amide II 
linkage. The C-OH stretching vibration and the C
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O C stretching of cellulose appeared at 1051.13 
 

FT-IR spectrum of the AMK is shown in Fig. 2B. 
The broad peak appeared at 3384.84 and 3255.62 

phenolic OH groups. The characteristic 
absorption band of substituted amide groups and 
the aromatic C H stretching vibration are observed 
at 3049.25 and 2916.17 c

stretching of amide groups. Double aromatic C=C 
stretching vibrations which related to phenyl ring 

since the interaction between aromatic ring and 
ring substituent. C-N stretching vibration appeared 

 
After loading AMK into the DPP, characteristic 
variations were monitored in the AMK spectrum 
as revealed in Fig. 2C. Where some peaks in the 
spectrum were changed or missed and new peaks 

represents the free hydroxyl groups on the surface 
of AMK. The C=O stretching band (1739.67 

overlapped with the aromatic C-C stretching band 
K and these peaks obscure 

peaks in 1554.52 and 1514.02 represent the 
absorption area of N-H of AMK. Peaks in the range 
of 1460.01 to 1425.30 demonstrate stretching 
vibration of C-O-H groups, while a peak at 
1039.56 -N band. 
 

 
Fig. 2. FT-IR spectra of (A) DPP, (B) AMK, and (C) 
AMK-DPP grains. 

The morphology and particle size of the DPP and 
AMK-DPP were studied using SEM image. As is 
seen from Fig. 3A, DPP has the highly porous and 
reticulate surface structure. The pores size of DPP 
is in the range 80-200 nm. Moreover, the chemical 
treatment in the extraction procedure increases the 
number and the scale of the holes on the superficial 
of pollen grain as a consequence. On the other 
hand, Fig. 3B, obviously approves that the AMK 
was successfully placed in the porous host. 
 

 

 
Fig. 3. SEM image of (A) DPP and (B) AMK-DPP. 
 
3.2. Porosity and surface area measurement 
BET analysis of DPP and AMK-DPP samples 
provide specific surface area evaluation based on 
nitrogen multilayer adsorption/desorption 
isotherms as a function of relative pressure (Fig. 
4). Consistently both adsorption/desorption curves 
displayed the same type IV isotherms, with a 
characteristic hysteresis loop (H3) which can be 
associated with a porous structure [25]. The 
important structural information derived from the 
nitrogen adsorption-desorption isotherms and pore 
diameters of DPP and DPP- AMK are listed in 
Table 1. 
 

Table 1. The elements of BET and BJH of DPP and 
DPP- AMK. 

 SBET 
(m2g-1) 

VBJH 
(cm3g-1)  

DPore (nm)  

DPP 15.00 0.059 9.07 
AMK-DPP 8.51 0.031 6.42 
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BET surface area (SBET) evaluated in the range of 
relative pressure (p/p0) 0.0 to 0.99; VBJH= pore 
volume at STP; DPore= mean pore diameter 
 

 
Fig. 4. Nitrogen adsorption desorption isotherm (A) 
DPP and (B) AMK-DPP. 
 
3.3. The drug loading conditions 
The pH of aqueous solution of the AMK is an 
important factor that influences its uptake into the 
DPP. As shown in Fig. 5A, the range 2 10 of pH 
was investigated. The maximum increase in the 
loading of AMK on DPP was obtained in pH 7, and 
after that, the rate of loading was reduced. At 
physiological pH, the amino groups of AMK 
largely hold a positive charge [26], which may 
encourage the interaction of the amino groups of 
AMK with the surface of the DPP and, hence, 
increase the adsorption of AMK into the porous 
DPP. At lower pH values, drug loading was 
restricted probably due to the competition between 
H+ and positively charged drug on the vacant 
adsorption sites. This leads to lowering of the 
adsorption capacity. Palm pollen grains are 
lignocellulosic materials, consisting of vital 
components such as polyphenolic compounds and 
flavonoids. However, no important difference was 
found in adsorption at pH 5.8 and 7.0, proposing 
that ionic interactions are not the only mechanism 
[27]. Temperature is the other important parameter 
on the drug entrapment efficiency; therefore, the 
loading of the AMK into DPP was analyzed at 
different temperatures (25 55 ºC). It was shown 
that increasing of the temperature resulted to the 
increasing of the adsorption value, which proposed 
the endothermic nature of the sorption process 
(Fig. 5B). The loading AMK into DPP was 

performed in the various contact time (1 5 h). Fig. 
5C reveals that at a primary step, the sorption of 
AMK was rapid, and the equilibrium was achieved 
after 2 h. 
 

 
Fig. 5. The effect of (A) pH, (B) temperature, and (C) 
time on the drug loading efficiency, (D) Release profile 
of AMK from AMK-DPP in PBS solution at pH 7.4. 
 
The in vitro gradual release profile of AMK from 
AMK-DPP was investigated in PBS ( pH 7.4, 37 
°C) during 220 hours of incubation (Fig. 5D). It 
can be seen that AMK releases from AMK-DPP 

slower release due to the concentration gradient. 
The percentage of AMK release was increased 
with increasing time and after 120 hours release 
percentage remained almost stable. Nowadays, 
some researchers are examining plants or 
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nanoparticles as a delivery system for increasing 
antibiotic effect on some bacteria. The findings are 
consistent with the previous studies that revealed 
the pollen grains have an antibacterial effect and 
can be used effectively for drug delivery [28,29]. 
 
3.4. In vitro release kinetics  
Fig. 6. shows the results of kinetic and 
thermodynamic studies for the release of AMK 
from AMK-DPP sorbent. Table 2 lists the kinetic 
elements of the release process obtained from the 
different release kinetics mechanisms. 
 

 
 
Fig. 6. Release rate curves of AMK from the AMK-DPP 
sorbent(A) zero order,(B) first order and (C) Higuchi 
model, and (D)thermodynamic data in the different 
temperatures 293, 308, 318, and 328 K in pH 7.4 and 10 
mg of AMK-DPP. 
 
The best correlation coefficient (R2) was obtained 
in the Higuchi model. The release kinetic data in 
the Table 2 reveal that Higuchi equation is a more 

suitable model for the AMK loaded AMK-DPP. It 
can be resulted that release kinetic model of AMK 
was due to Fickian diffusion. Accordingly, it can 
be recommended that release kinetics of AMK 
loaded AMK-DPP are organized by Fickian 
diffusion.  
 

Table 2. Model compounds of the kinetic studies on 
AMK release from the AMK-DPP. 

Kinetics 
models 

zero-order  First -order Higuchi 

R
2  

K
1 

R
2  

K
2 

R
2  

K
H
 

AMK-
DPP 

0.
92

64
 

0.
00

79
 

0.
85

12
 

0.
00

4 

0.
97

22
 

0.
11

57
 

 
Table 3. Values of thermodynamic parameters of 

release of AMK from the AMK-DPP. 
 

(J/mol) 
 

(J/mol) 
(kJ/mol) 

298 K 308K 318K 328K 
3981  12.45  292.85 126.5 -

13.75 
-
70.90 

 
Actually, important parameters such as the change 

during the binding processes are global properties 
of the systems. These parameters have been 
determined to a wide range of chemical and 
biochemical binding interactions [30]. The data in 

higher temperatures that are reflected to the 

point to increased disorder at the DPP/solution 
interfaces through the release process. The 
antimicrobial activity of DPP, AMK and AMK-
DPP was assessed by well-diffusion agar. 
Inhibition zone observed both of AMK and AMK-
DPP have significant antimicrobial activity. As 
shown in Fig. 7 (a) and (b), the inhibition zone of 
AMK against S. aureus is 28 mm although it is 37 
against E. coli, but in case of AMK-DPP, the 
inhibition zone against S. aureus is 35 mm and it is 
45 mm against E. coli. The DPP alone showed no 
antimicrobial activity. The results of antibacterial 
activity revealed that DPP is a promising carrier for 
AMK. According to the inhibition zone, E.coli is 
more susceptible to AMK and AMK-DPP than S. 
aureus.  
 

 
Fig. 7. Inhibition zone of; (A) DPP, (B) AMK, and (C) 
AMK-DPP against (a) S. aureus and (b) E.coli. 
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In this analysis, various concentrations of AMK 
and AMK-DPP displayed MIC and MBC against 
S. aureus and E.coli. The MIC and MBC tests are 
presented in Table 4 in detail. The results showed 
that there is a decrease in the MIC in the case of 
AMK-DPP in comparison to AMK. The most 
interesting point is the reduction in the MBC for 
AMK-DPP which implies that DPP increased the 
antibacterial activity and the effectiveness of AMK 
versus S. aureus and E. coli. Moreover, the 
obtained data revealed that there is a decrease in 
the MIC and MBC in case of AMK-DPP compared 
to AMK alone which implies DPP as a delivery 
system improved the effectiveness of AMK. 
Similar results about synergism effect of plant 
extract with antibiotics were reported [31].  
 
Table 4. Result of MIC and MBC test against S. aureus 

and E. coli. 
Bacteria 
 

E.coli S. aureus 

AMK AMK-
DPP 

AMK AMK-
DPP 

MIC 25 12.5 25 6.5 
MBC 50 25 50 12.5 

 
MIC (mg/mL) = minimum inhibitory 
concentration that is lowest concentration to 
completely inhibit bacterial growth, MBC 
(mg/mL) = the lowest amount of bacterial that is 
minimum amount to totally kill the bacteria. 
 
4. CONCLUSION 
For the first time AMK was successfully 
incorporated in the porous scaffold of DPP as a 
drug delivery system for improving the 
effectiveness of AMK against S. aureus and E.coli. 
The AMK-DPP presented a smaller MIC and MBC 
than AMK and DPP separately. Therefore, it can 
assume that AMK might be managed in lesser 
doses or extended intervals by following DPP to 
decrease their side effects. The kinetics study on 
drug release indicated that the release mechanism 
could be described as Fickian diffusion model. In 
addition, the DPP as an intelligent pH-responsive 
carrier not only protected the AMK structure but 
also showed the controlled drug release in the 
acidic environment of the stomach to the alkaline 
intestinal that made hopes to provide oral 
formulation of the medicine. Moreover, the 
structure of the DPP did not change after the 
release of drug indicates the porous structure of 
DPP for drug loading and release was stable. 
Consequently, developing investigations on the 
AMK-DPP for animal models with antibiotic 
resistant infections are recommended.  
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