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Abstract- Chitosan (CS)/Quinazolinone/Tripolyphosphate (TPP) nanoparticles have been synthesized using 2.3:1 molar ratio of 
CS/TPP in presence of quinazolinone derivatives (I-IV) through simple one step reaction. The mixture was subjected to ultrasonic 
waves to obtain the nanoparticles. The nanoparticles are quite uniform in size, spherical shape and rod like structure depending on the 
quinazolinone derivatives. The amount of loaded quinazolinone was calculated using UV-Vis spectrophotometer and TGA. The 
release of quinazolinone derivatives (I-IV) in acidic medium (pH=2) is significantly higher than in slightly acidic medium (pH=6.8). 
The proposed mechanism based on zero orders, first order, Higuchi, Hixson-Crowell and Korsmeyer-Peppas model equation are 
explored. The antimicrobial activity of nanoparticles was investigated against Escherichia coli, Pseudomonas aeruginosa, 
Staphylococcus epidermis and Staphylococcus aureas. 
 
Index Terms- Chitosan, tripolyphosphate, nanoparticles, quinazolinone derivatives, antimicrobial activity. 
 

I. INTRODUCTION 
uinazolinone derivatives possess versatile type of biological activities such as antibacterial, antifungal, analgesic, anti-
inflammatory, anthelminthic, anticonvulsant, anti HIV, anti-tubercular, CNS depressant,  cytotoxicity and diuretic [1, 2]  Search 
for sustained form of these quinazolinone derivatives was necessitated by the need firstly to improve compliance by patients, 

thereby minimizing the development of microbial resistance and secondly to reduce the frequency of administration thus contributing 
to minimize the extensive side effects associated with the quinazolinone derivatives.  
Polymeric nanoparticles have been used increasingly in various fields such as drug delivery, imaging and tissue engineering. The main 
reason justifying the wide spread use of polymeric nanoparticles relies on the displayed high surface to volume ratio that improves the 
loading capacity of the selected molecule. In addition, increased drug absorption might be attained by the capacity of nanoparticles to 
reduce epithelial resistance to transport [3-5].  
Recently, polymeric nanoparticles prepared from biocompatible and biodegradable polymers are used in drug delivery to increase the 
drug safety in which the drug is entrapped, encapsulated or attached to the nanoparticle matrix [6]. Depending on the preparation 
methods, there are two morphologies of nanoparticles: nanospheres and nanocapsules [7, 8]. Nanospheres have monolithic type 
structure in which drugs are adsorbed on their surfaces. Nanocapsules are systems in which exhibit a membrane- wall structure and the 
drugs are entrapped in the core or adsorbed onto their exterior surface. 
Chitosan (CS) is cationic polysaccharide composed of repeating units of N-acetyl glucosamine and D-glucosamine that are β-(1→4)-
linked. CS has excellent biodegradable, biocompatible, unique polymeric cationic character, film forming properties, non-toxicity and 
antimicrobial activity. It has been examined extensively in the pharmaceutical industry for its potential in the development of drug 
delivery system [9]. 
CS derivatives formed by N–substitution with carboxyl bearing group showed improvement of solubility in aqueous media and 
zwitterion character. This allows the formation of clear gels at neutral and alkaline pH media however, promotes accumulation in 
acidic pH environment. This accumulation behavior led to the need to crosslink the CS molecules to overcome this problem and to 
stabilize CS in acidic media. CS microparticles cross linked with glutraldehyde were shown to be long- acting biodegradable carriers 
suitable for use in microparticles delivery system [10-12]. In order to surmount the toxicity problems associated with chemical 
crosslinking with glutaraldehyde and epichlorohydrin, ionic crosslinking has been utilized in the production of chitosan tri 
polyphosphate (CS/TPP) microparticles. Drug release from CS based particulate systems depends upon the extent of crosslinking, 
morphology, size and density of the particulate system. 
The objective of this work was directed to produce CS/Quinazolinone nanoparticles including in the formulation TPP as crosslinking 
agent using ultrasonic waves with CS/TPP 2.3:1 molar ratio and to evaluate the effect of quinazolinone derivatives on morphology of 
CSTPP nanoparticles, loading efficiency and release rate. In addition, antimicrobial activity of quinazolinone derivatives nanoparticles 
was discussed. 

II. MATERIALS AND METHODS 
CS (Across organics, USA, Mw. 100,000-300,000 deacetylation degree (DD) 90%), sodium tripolyphoshste (TPP) (Across organics, 
USA), dimethylsulfoxide (DMSO) (Sigma-Aldrich), Hydrazine mono hydrate (Laboratory rasayan), concentrated hydrochloric acid 
(HCl) (Adwic, Egypt), monosodium phosphate (Adwic, Egypt), disodium phosphate (Adwic, Egypt), Nutrient agar (Alpha chemicke), 
anthranilic acid (Lobachemia), benzoyl chloride (Panreac, Espana), pyridine (Adwic, Egypt), bromine water (Aldrich), acetic acid 
(Adwic, Egypt), Para-chlorobenzoylchloride (Merck, Sohuchardt) were purchased and used as received. All melting points (m.p.) 
were uncorrected. 
Preparation of 2-phenyl-4(3H)-3, 1-benzoxazinone  
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To a stirred solution of anthranilic acid (0.05 mol) in pyridine (60 ml), benzoyl chloride (0.05 mol) was added, the temperature was 
adjusted to be 0-5 °C. The reaction mixture was stirred for 2 h at r.t. untill a solid product was formed. This was precipitated pale 
yellow solid and filtered (yield 83 %, m. p. 113 °C) [1]. The same procedure was done for preparing 6,8-dibromo-2-phenyl-4(3H)-3,1-
benzoxazinone, 6-bromo-2- phenyl–4(3H)-3,1-benzoxazinone and 2-(4-chloro phenyl)-4(3H)-3,1-benzoxazinone. 
Preparation of 3-amino-2- phenyl-4(3H)-quinazolinone (I)  
To a stirred solution of 2- phenyl -4(3H)-3,1-benzoxazinone (0.05 mol) in pyridine (20 ml), 80% N2H4.H2O (0.15 mol) was added. 
The reaction mixture was stirred and refluxed for 20 minutes. The crude product was filtered off and recrystallized from ethanol to 
afford a white solid, (yield 88%, m.p. 177-178 °C) [1]. The same procedure was done to prepare 6, 8-dibromo-2- phenyl -4(3H)-
quinazolinone (II) (yield 65%, m.p. 228-234 ᵒC) [1], 6-bromo-2- phenyl–4(3H)–quinazolinone (III) (yield 76%, m.p. 160-164 ᵒC) and 
3-amino-2-(4-chloro phenyl)-4(3H)-quinazolinone (IV) (yield 40%, m.p. 166-168 ᵒC) [13]. 
Preparation of CSTPP nanoparticle 
CS nanoparticles were prepared by ionotropic gelation of CS in the presence of TPP using (2.3:1) molar ratio. TPP (1 g dissolved in 
distilled water) was added to CS solution (1 g dissolved in 100 ml of 1% acetic acid) during sonication for 15 minutes at 30 °C and 
stirred for 45 minutes, CSTPP nanoparticles were centrifuged, the supernatant was discarded and the deposit was re-dispersed in 
distilled water three times, recentrifuged and dried at 40 °C.  
Preparation of CS-Quinazolinone–TPP nanoparticle 
 0.0011 mol of quinazolinone derivatives (I-IV) was added to CS solution (1 g was dissolved in 80 ml of 1% acetic acid) and stirred 
for 30 minutes. Then TPP (1 g dissolved in distilled water) was added during sonication for 15 minutes followed by stirring for 2 h 
then, the products were separated using centrifuge and dried at 40 °C.  
Preparation of buffer solution 
Phosphate buffer solutions (PB) were prepared by dissolving dibasic sodium phosphate (44 g) in 600 ml deionized water and 
monobasic sodium phosphate (22 g) in 400 ml deionized water followed by drop wise addition of monobasic solution to dibasic 
solution until pH was adjusted at 6.8. For pH=2, drops of (0.8 M) HCl were added to deionized water until pH adjusted to 2. 
Release Measurements 
10 mg samples suspended in 1 ml buffer were transferred into a dialysis bag with a cut-off molecular weight of 35 KDa. The dialysis 
bag was then suspended in 100 ml of PB (pH=6.8) and HCl solution (pH=2). At specific intervals, 3ml of the buffer was collected 
from the release medium to determine the concentration of quinazolinone derivatives by UV-Vis spectrophotometer. 
Adsorption experiment 
The amount of loaded quinazolinone derivatives on nanoparticles was determined by measuring the absorbance of the solution using 
the UV-Vis spectrophotometer at λmax=230, 242, 231, 233 nm for I, II, III and IV, respectively. The loading efficiency is calculated 
according to the following equation 

%  Efficiency =  �
Wa

Wt
�× 100         (1) 

Where Wa is the actual content of quinazolinone and Wt is the initial content of quinazolinone. It was found to be 65%, 74.9%, 61% 
and 46.9% for CSTPPI, CSTPPII, CSTPPIII and CSTPPIV, respectively. 
In vitro release kinetics 
The data obtained from in-vitro release studies were analyzed by fitting to various kinetics equations to study the mechanism of 
quinazolinone derivatives release from prepared formulations [14-18]. The kinetic models are formulated in the following equations.  
Zero-order release kinetics: 
Where W is the cumulative drug release percent during time t, Wᵒ is the cumulative drug release at t= 0 and k  ̥ is zero-order drug 
release rate constant. 
     W =  W ̥ + k ̥ t (2) 
First-order release kinetics:   log (100− W)  =  log100− kR1t (3) 
Higuchi model:                                        W = 𝑘𝐻  t 1/2(4) 
Hixson-Crowell Kinetics           (W − 100)1/3 = 1001/3 − kHix t (5) 
Krosmeryer-Peppas equation                  F = Mt

M∞
= k × tn(6) 

Where kᵒ, k1, kH and kHix are drug release rate constant of zero order , first order, Higuchi mode and  Hixson-Crowell, W is the 
percent released of drug at time t, F is the fraction release of drug into the dissolution media, k is a constant. Based on the Krosmyer-
Peppas equation n is the diffusional exponent, that show the release of drug transport  mechanism, values of the n exponent equal to or 
less than 0.5 were characteristic of  Fickian or quasi-Fickian diffusion, whereas values in the range of 0.5 to 1 were an indication of 
anomalous for drug release or indicate the contribution of non-Fickian processes. On other hand, a unity value for n would be 
expected for zero order release. 
In vitro antibacterial Activity 
The bacterial strains were obtained from Bacteriological laboratory of Botany department, Microbiology section, Faculty of 
science, Tanta University, Egypt. The Gram-negative bacteria (Escherichia coli ATCC 8739, Pseudomonas aeruginosa ATCC 
9027) and Gram-positive bacteria (Staphylococcus aureus ATCC 6633, Staphylococcus epidermidis ATCC 12228) were used to 
examine the antibacterial activity of the nanoparticles. The bacterial strains were maintained on nutrient agar (28 g nutrient agar 
per liter, pH=7.4). All media were sterilized in autoclave before experiments. 6.5x105 CFU were incubated for 24 h. 
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quinazolinone derivatives (I-IV), CS, CSTPP, and CS/ Quinazolinone/TPP (CSTPPI, CSTPPII, CSTPPIII, CSTPPIV) were 
screened for their antibacterial activity against the above bacterial strains. The antibacterial activity of the tested samples was 
determined by well diffusion method. Powder samples of tested compounds (20 mg/ml) were dispersed in DMSO.  DMSO was 
used as negative control. A caliper was used to measure the inhibition zones. Three replicates were carried out. The antibacterial 
effect of quinazolinone derivatives, CS and quinazolinone loaded nanoparticles on the microorganism was determined by the 
size of the inhibitory zone after 24 h. 
 

III. RESULTS AND DISCUSSION 
Most of the nanoparticles prepared from water insoluble polymers were involved heat, organic solvent or mechanical stirring that can 
be harmful to the drug stability. In addition some preparation methods are complex and require long time and energy consuming [6]. 
Furthermore, high crosslinking density leads to lower diffusion of drug from nanoparticles which consequently decrease the burst 
release and rate of release. CS contains abundant amino and hydroxyl groups which enable particle formulation via physical and 
chemical crosslinking. Ionic crosslinking of CS is a typical non covalent interaction which can be formed by association of positively 
charge NH3

+ of CS in acid medium with negatively charged multivalent ions such as TPP for pharmaceutical application. Physical 
crosslinking is reversible and may provide non toxicity of the regents however; using covalently bonded crosslinks may provide 
potential toxicity. Although many efforts have been done to obtain nanoparticles of CSTPP, optimization of fabrication conditions is 
still important topic in this field. One of the problems in biomaterials for drug delivery and need to overcome is the burst release of 
encapsulated or entrapped drugs. By controlling the release of drugs, one can not only optimize the therapeutic effects of the drug, but 
also influence their biological activity. In this study the effect of different heterocyclic quinazolinone derivatives (scheme.1) on the 
adsorption efficiency of CSTPP nanoparticles was studied using sonication method. The release and antimicrobial activity against 
Gram-positive and Gram–negative bacteria were evaluated and compared with quinazolinone derivatives. 
 

 
Scheme 1: Preparation of quinazolinone derivatives. 

Morphology 
The XRD pattern of CS (Fig.1) shows two prominent crystalline peaks at 10˚and 20˚ due to presence of plenty of OH and NH2 groups 
that forms strong inter and intra molecular hydrogen bonds [19]. Cross-linking CS by TPP (CSTPP) (Fig.1) reveals disappearance of 
peak at 10˚, shift of peak at 20˚ to 17.2˚ and a new broader peak at 24.37 ˚ is formed. This could be attributed to the rearrangement of 
molecules in the crystal lattice. It was reported that after ionic cross-linking CS with TPP, no peak is detected in the diffractgrams of 
CS nanoparticles, reflecting the destruction of the native CS packing structure [20, 21]. In case of quinazolinone derivatives (I-IV), 
several diffraction sharp peaks are observed at 8.44˚, 14˚, 16˚, 19˚, 23˚ and 24.5˚ due to crystalline phase of quinazolinone derivatives. 
Compared to I loaded into CSTPP nanoparticle (CSTPPI) (Fig. 1a), the sharp peaks for compound I was observed at the same 
positions. This indicates the inclusion of compound I in CSTPP nanoparticles. In addition, the peak for CSTPP at 17˚ was shifted to 
18.5˚. The same results were observed in CSTPPII, CSTPPIII and CSTPPIV (Fig.1). This confirms the adsorption of the 
quinazolinone derivatives on the surface of CSTPP nanoparticles. It was reported that peaks for the plain drug were not seen for the 
drug loaded microspheres due to the encapsulation of drug in the interpenetrating polymeric network [22]. Crystalline sizes of 
nanoparticles were estimated using Scherer's equation (7).          D = Kλ

βcosθ
 (7)                  
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Where K=constant (0.89<K<1), λ wavelength of the X-ray λ=0.154 nm, B=FWHM (full width at half maximum width of the 
diffraction peak, θ = diffraction angle in radian. The highest three peaks were selected for this calculation. The average crystal size 
was increased by adsorption of quinazolinone from 6 nm in CSTPP to 43, 32.7, 21 and 35.8 nm in CSTPPI, CSTPPII, CSTPPIII and 
CSTPPIV, respectively.  
The morphology of CSTPP nanoparticles was characterized by TEM observations. The TEM image (Fig.2) shows a relatively narrow 
size distribution of mono dispersed nanoparticles with spheroid morphology with size average of 21 nm and standard deviation (S.D) 
was ± 5 nm. The size of these nanoparticles is smaller than that determined (>200 nm) previously [23, 24]. It has been reported that 
CSTPP nanoparticles are rough in shape [24]. TEM image in Fig.2 shows that CSTPPI and CSTPPII nanoparticles have a similar 
morphology for CSTPP. The average sizes of these nanoparticles are varied according to quinazolinone derivatives from 31 to 41 nm 
and S.D were ±7, ±8 nm for CSTPPI, CSTPPII, respectively. However, CSTPPIII showed rod like structure with thickness 33 nm and 
length of 55 nm with S.D ±10 nm. The nanorods have an aspect ratio of 1.6. CSTPPIV shows sphere with rod like structure. The 
average diameter of spheroid is 27 nm and the rods have thickness of 27 nm and length of 54 nm with S.D ±6 nm. The nanorods have 
an aspect ratio of 2. The size of nanoparticles measured by TEM is almost consistent with the size estimated from XRD by Scherer 
equation.  The nanoparticles were further visualized by SEM (Fig. 3). A spherical shape is observed for CSTPP with average size of 
84 nm and S.D ±7 nm. It is worth noting that CSTPPI (Fig. 3) has a rough shape with mean average diameter of 135 nm with S.D ±18 
nm. It is observed that there is consistent increase is the dimensions of CSTPP nanoparticles due to loading of quinazolinone [25, 20]. 
Kumar et al [26] was reported smooth surface morphologies of CS cross-linked with glutaraldehyde. The surface morphology 
characteristics have an impact on bioadhesion. It has been found that the nanospheres with a coarser and more porous surface may 
offer enhanced bioadhesivity as compared to those with a smoother texture. The nanorod CSTPPIII show uniform size over their 
entire length and some nanorods stick together. SEM image (Fig. 3) confirms that the nanorod has rectangular shape with thickness of 
96 nm and length of 131 nm with S.D ±20 nm. The nanorods have an aspect ratio of 1.36. Recently, CS- Insulin- TPP shows presence 
of granular particles with rod shaped morphology of different sizes whose morphology differed from the CSTPP [27]. 

 
Fig 1: XRD pattern of CS, TPP, I-IV, CSTPP, CSTPPI, CSTPPII, CSTPPIII and CSTPPIV nanoparticles 

From SEM and TEM observation, nanoparticles were successfully synthesized and the morphology of the nanoparticles depends on 
the structure of quinazolinone derivatives. 
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Fig 2: TEM images of CSTPP, CSTPPI, CSTPPII, CSTPPIII and CSTPPIV. 

 
Fig 3: SEM images of CSTPP, CSTPPI and CSTPPIII. 

The composition of CS, TPP, quinazolinone derivatives (I-IV), CSTPP and CS-Quinazolinone –TPP was further characterized by FT-
IR (Fig. 4). The spectrum of CS displays a strong absorption band at 3437 cm-1 due to OH and amine N-H symmetrical stretching 
vibration. A peak at 2921 cm-1 was due to symmetrical C-H stretching vibration attributed to pyranose ring. The sharp peak at 1383 
cm-1 was assigned to CH3 in amide group. The broad peak at 1095 cm-1 was indicated C-O –C stretching vibration in CS [28], peaks at 
1649 and 1425 cm-1 were due to C=O stretching (amide I) and N-H stretching (amide II). The absorption band at 1153 cm-1 was 
assigned to the anti-symmetric stretching of C-O-C bridge and 1095 cm-1, 1010 cm-1 were assigned to the skeletal vibration involving 
the C-O stretching. The spectrum of TPP presents absorption bands at 1217, 1143, 1069 and 898 cm-1 that were attributed to P-O 
stretching, symmetric and anti-symmetric stretching vibrations in PO2 group, symmetric and anti-symmetric stretching vibrations in 
PO3 group and anti-symmetric stretching of the P-O-P bridge, respectively [29]. 
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FT-IR spectrum of CSTPP nanoparticles shows absorption band at 1542 cm-1 due to NH3
+ vibration. Moreover,  the  band at 3437 cm-

1  and 1649 cm-1 related to OH and C=O stretching (amide I) were shifted to 3447 cm-1  and 1624 cm-1, implying electrostatic 
interaction between NH3

+ groups of CS and phosphoric groups of TPP within the nanoparticles [121, 30, 31]. 
FT-IR spectrum of I shows bands at 3438,  3309 cm-1, 3209 cm-1 corresponding to (N-H), multiple weak absorption peaks over the 
3038, 3068 cm-1 corresponding to Qu-H and Ar-H stretching vibration absorption peaks, the strong absorption at 1660 cm-1, 1640 cm-

1, 1564-1474 cm-1 and 765 - 696 cm-1 correspond to the C=O stretching Vibration, C=N stretching vibration, (the skeleton vibration of 
the aryl and heterocyclic ring) and the phenyl-substituted at the 2-position in the quinazolinone, respectively [32]. The same bands of I 
was observed in II-IV. Moreover, bands at 562, 542, 562 and 539 cm-1 related to (C-Br) substituted at the 6, 8-position, (C-Br) 
substituted at the 6-position and (C-Cl) substituted at 4-phenyl at position -2 for II, III and IV, respectively are observed. 

FT-IR spectrum of CSTPPI exhibited similar absorption bands with slight shift at bands 1624, 1542 and 3447 cm-1 related to C=O 
stretching (amide I), NH3

+ vibration and OH to 1661, 1564 and 3423 cm-1, respectively. Thus confirming the interaction between 
nanoparticles and quinazolinone derivatives. The peak at 1624 cm-1 related to C=O of CSTPP emerged with peak at 1661 cm-1 related 
to C=O of hetero cyclic compound. Similar observation was reported in CSTPPII, CSTPPIII and CSTPPIV. From the above results it 

is proved that the quinazolinone derivatives are integrated into the nanoparticles and there is an physical interaction between them. 

 
 

Fig 4: FTIR spectra of CS, TPP, I, II, III, IV, CSTPP, CSTPPI, CSTPPII, CSTPPIII and CSTPPIV. 
Thermal properties 
TGA and DTGA data of CSTPP are presented in Fig.5a, b. It is seen that weight loss is directly related to increasing the heating 
temperature. Three steps weight loss are observed from TGA of CS. First step from 50-110 °C can be assigned to the release of 
hydroscopic water molecules. The second weight loss observed from 200-350 °C is typical to degradation of saccharide ring while the 
third weight loss between 575-798 °C can be assigned to further degradation and decomposition of acetylated unit of CS. While 
DTGA shows three peaks at 57.87 °C, 229.39 °C and 774 °C [25]. 
 TGA and DTGA of CSTPPI (Fig.5a, b) show the same characteristic peaks of CSTPP. While second weight loss between 200-350 °C 
in CSTPP is shifted to 200-565 °C in TGA and peak at 229 °C is shifted to 237.5 °C in DTGA. This may be assigned to interaction of 
CSTPP with quinazolione and decomposition of quinazolinone derivatives. DTGA of CSTPPII, CSTPPIII and CSTPPIV showed the 
same characteristic peaks of CSTPP with the appearance of new peak at 293 °C, 270 °C and 260 °C, respectively. This can assigned to 
the decomposition of quinazolinone derivatives. The weight loss percentage at this temperature range was thus used to compute the 
amount of loaded quinazolinone derivatives (Table 1).  
In vitro release of quinazolinone from nanoparticles 
The loading percentage of quinazolinone derivatives in CSTPP was further determined by UV-Vis according to the following equation 
(3) and summarized in Table1. 
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Fig.6. displayed the release profile of quinazolinone from CSTPP nanoparticles. The release of quinazolinone derivatives was 
gradually increased with time in pH=2, 6.8 (Fig. 6). The slow release of I-IV from CSTPP may be due to high percentage of cross 
linker and steric hindrance in quinazolinone derivatives that delay the release. The release of quinazolinone compound (I-IV) loaded 
into CSTPP in pH=2 is higher than pH=6.8 (Fig. 6). The release of IV after 55 h was 95% in pH=2 while in pH=6.8 was 45% [33]. 
Bhumkar et al have reported that CSTPP nanoparticles have higher swelling in pH=2. In another publication the swelling index 
obtained for cross-linked chitosan at pH=3 (668.85%) was distinctly higher than the (157.65%) obtained for cross-linked chitosan at 
pH=9 [33]. In the acidic medium, the quinazolinone derivatives rate is relatively rapid in comparison with a slightly acidic buffer 
solution which attributed to the electrostatic repulsion mechanism that lead to increase intra particle spaces in the nanoparticles, results 
from the protonated amine (NH3

+). In contrast to the pH= 6.8 buffer solution, NH2 groups of CS and quinazolinone mainly attach to 
the surface of the nanoparticles so slow down release rate of the quinazolinone derivatives in pH 6.8. Large surface area available for 
dissolution with a small particle size, (CSTPPIV) favor rapid release of the quinazolinone compared to larger nanospheres (CSTPPII) 
[34].                                           

Zhou et al [35] reported that the release of drugs from micro spheres involves two different mechanisms of drug molecules diffusion 
and polymer matrix degradation. The burst release of drug is associated with those drug molecules dispersing close to the microsphere 

surface, which easily diffuse in the initial incubation time. This hypothesis was suitable for ammonium glycyrrhizinate release from 
CS [36]. This was attributed to diffusion of drug through the pores or on the surface of nanoparticles in a short time. In addition 

nanoparticles with huge specific surface area can adsorb drug so the burst release is due to desorption of the drug from nanoparticle 
surface. The burst release in the first 0.5 h of BSA was observed to be ranged from 85.3% to 87.9% depending on  the loading 

capacity due to the poor interaction between them that favor the desorption at ionic environment [37]. 

 
Fig 5: (a) TGA and (b) DTGA of CSTPP, CSTPPI, CSTPPII, CSTPPIII and CSTPPIV. 

 
Table 1: Loading efficiency of quinazolinone derivatives onto CSTPP nanoparticles calculated using UV-Vis spectrophotometer and 
TGA. 
 
 
 
 
 
 
 
Investigation of quinazolinone release kinetics and mechanism 
Different mathematical models were applied for describing the kinetics of the release process of the quinazolinone derivatives, the 
most suited model being the one which best fits the experimental results was shown in Fig.7 and Fig.8. For each model the slope, 
regression coefficient R2 and rate constant (k) are graphically determined and used to determine the kinetics mechanism of 
quinazolinone derivatives release. 
The release rate constant k ,̥ k1, kH and kHix and k, release exponent value n and R2 are summarized in table (2). Considering R2 the 
release of (I-IV) in pH=6.8 from CSTPPI, CSTPPII, CSTPPIII and CSTPPIV follow Hixson-Crowell, Higuchi, zero orders and 
Krosmeyer-Peppas, respectively. Also release I-IV in pH=2 from CSTPPI, CSTPPII, CSTPPIII and CSTPPIV follow Krosmeyer-

Code UV-Vis (Wt %) TGA (Wt %) 
CSTPPI 21.3 25 
CSTPPII 23.7 21 
CSTPPIII 20.2 13 
CSTPPIV 16.3 18 
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Peppas, zero orders, Hixson-Crowell and first order. The value of release exponent n being between 0.56 and 1.2 given for CSTPPI, 
CSTPPII, CSTPPIII and CSTPPIV compounds (pH=2, 6.8) indicates that release follow non-Fickian diffusion processes. 

  
Fig 6: Release percent of I-IV from CSTPP nanoparticles at pH=6.8, 2. 

 
Fig 7: (a) Zero order, (b) First order, (c) Higuchi, (d) Hixson-Crowell and (e) Krosmeyer-Peppas  kinetics of I- IV during time from 
CSTPP nanoparticles at pH=2. 
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Fig 8: (a) Zero order, (b) First order, (c) Higuchi, (d) Hixson-Crowell and (e) Krosmeyer-Peppas  kinetics of I-IV during time from 
CSTPP nanoparticles at pH=6.8. 
Table 2: Controlled release kinetics of I, II, III and IV from CSTPP nanoparticles at pH=2, 6.8.  
Code pH Zero order First-order Higuchi Hixson-Crowell Krosmeyer-Peppas 

k  ̥ R2 k1 R2 kH R2 kHix R2 logk R2 n 

CSTPPI 6.8 0.29163 0.8546 -0.00551 0.6958 2.96459 0.9212 -0.02069 0.98975 -0.989 0.895 0.56 
2 1.94012 0.8588 -0.2131 0.7647 17.92008 0.9169 -0.05479 0.8879 -1.586 0.97 0.9766 

CSTPPII 6.8 0.14732 0.9691 -0.01145 0.6178 1.47751 0.9747 -0.00239 0.9732 -1.94 0.97 0.55 
2 0.28537 0.9679 -0.03708 0.9344 1.91611 0.9139 -0.00755 0.9611 -2.89 0.77 1.2 

CSTPPIII 6.8 0.27821 0.9896 -0.01657 0.8103 2.69613 0.9261 -0.0465 0.9775 -2.26 0.8922 0.878 
2 1.63703 0.9377 -0.02519 0.8905 14.33851 0.9123 -0.03719 0.9466 -1.88 0.928 1.01 

CSTPPIV 6.8 0.77341 0.9737 -0.02021 0.7826 7.59375 0.9745 -0.01478 0.9795 -2.282 0.983 1.08 
2 2.16512 0.9082 -0.02832 0.9745 19.51986 0.8245 -0.0635 0.9046 -1.9 0.9313 1.06 

Antibacterial activity 
To compare the antibacterial activity of quinazolinone derivatives and quinazolinone loaded on CSTPP nanoparticles the samples 
were tested against gram positive and gram negative bacteria. It is seen (Fig.9) that I-IV have a significant antibacterial activity against 
the tested microorganisms with variable inhibition zones expressed as mm. For E.coli, S.aureas this holds true regardless of the kind of 
bacterial used. In comparison with quinazolinone derivatives nanoparticles (CSTPPI, CSTPPII, CSTPPIII and CSTPPIV) were more 
active against the Gram negative bacteria (Escherichia coli) and Gram-positive bacteria (Staphylococcus aureus) than (I-VI), 
respectively as shown in Fig.9 although the percentage of the quinazolinone derivatives loaded on CSTPP nanoparticles was lower 
than 24% (Table. 1). This may be due to the small particle size [38]. The antibacterial activity of chitosan in acidic environment may 
result from its polycationic structure due to the protonation of –NH2

+ on the C-2 position of the D-glucosamine. Positively charged 
chitosan can bind to bacterial cell surface which is negatively charged and disrupt the normal functions of the membrane, e.g. by 
promoting the leakage of intracellular components or by inhibiting the transport of nutrients into cells [39]. Phosphate ion reacts with 
Gram-positive by the same mechanism of CS without need to acid medium. In addition, quinazolinone derivatives have positively 
charge NH3

+ that can also bind to negatively charged bacterial cell. 
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Fig 9: Antibacterial activities of I-IV, CSTPP, CSTPPI, CSTPPII, CSTPPIII and CSTPPIV.  
   
Conclusion 
The CS/Quinazolinone/TPP nanoparticles have been successfully prepared by mixing quinazolinone derivatives with CS followed by 
ionic gelation by TPP using ultrasonic waves. The loading efficiency was calculated by TGA and UV-Vis spectrophotometer. FT-IR 
spectra prove the interaction between quinazolinone derivatives and CSTPP nanoparticles. The synthesized nanoparticles CSTPP with 
average size of 21 nm were increased to 31-41 nm by loading of quinazolinone derivatives. The morphology of the nanoparticles is 
affected by substitutes on the quinazolinone. The in vitro release of loaded quinazolinone on CSTPP nanoparticles has been studied in 
two different pH media. According to Krosmeyer Peppas equation the release of quinazolinone derivatives followed anomalous non 
fickian diffusion. By applying the kinetics equations, the release (I-IV) in pH=6.8 from CSTPPI, CSTPPII, CSTPPIII and CSTPPIV 
follow Hixson-Crowell, Higuchi, zero orders and Krosmeyer-Peppas, respectively and at pH= 2 followed Krosmeyer-Peppas, zero 
orders, Hixson-Crowell and first order. In addition, quinazolinone loaded nanoparticles have better antibacterial activity in comparison 
with quinazolinone. The sustained release and the excellent antimicrobial activity suggest that the nanoparticles may serve as a 
promising therapy. 
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