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ABSTRACT 
 

The drive of this exploration is to look into the supportive mucoadhesive assets of neem (Azadirachta indica) fruit 

mucilage by incorporating it into mucoadhesive microspheres by taking Acyclovir (ACR) as a model drug. Nine 

interpretations of mucoadhesive microspheres were made with Methocel 934P and varying proportions of Neem 

fruit mucilage (NFM). A central composite design with design expert software to check the impact of independent 

variables (neem mucilage and methocel 934 P levels) on ACR release at 3h, 6h, and 10h as a response. As part 

of congeniality studies, the microspheres were examined for ACR content and its liberation. The research 

discovered that NFM can be used as an additive mucoadhesive polymer with Methocel 934 P and ACR can be 

systematically released in a controlled manner. The formulated microspheres were found to have good entrapment 

efficacy, mucoadhesion, drug contents, and other constraints assessed. NFM is capable of enhancing the 

mucoadhesion in combination with methocel 934 P and ACR can be retained in the stomach with its sustained 

release as mucoadhesive microspheres.  
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INTRODUCTION 

Drug administrations are adopting unique attitudes to increase the gastric availability of drugs with patient 

consent. The gastro retentive microspheres, which are easy to prepare and administer, are of special importance 

among the various dosage forms [1]. 

Acyclovir (ACR) is a purine nucleoside analogue that is inevitable to tackle chickenpox, herpes simplex virus, 

and herpes zoster. ACR's oral bioavailability [1] has been appraised to  15-30%. ACR has a half-life of ~2 h. After 

oral administration, the ACR is well absorbed from the stomach [2, 3]. 

The properties of the polymer used in mucoadhesive systems greatly influence their effectiveness. The oral route 

is the preferred method of drug administration by many patients due to its convenience. For mucoadhesive drives, 

which are rare and expensive sometimes, many polymers have been tried. We are seeking a new polymer from 

nature that aids mucoadhesion. Using neem (Azadirachta indica) fruit mucilage (NFM), the authors intended to 

study the mucoadhesive microspheres. Studies have shown that NFM has antiviral properties [4]. Antiviral 

therapy may be aided by NFM. A steady-state systemic availability in expanded time is the objective of making 

mucoadhesive microspheres of ACR. As they are designed for ease, precision liberation systems are an effective 

solution for short-acting drugs and those that require continuous medicating [5]. 
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Traditional research methods tend to focus on one variable at a time due to the ease of manipulating it. Statistically, 

each variable can be considered only once. Both factors will have an interrelationship, resulting in unreliable 

results. Design of Experiment (DOE) is understood as a treaty with a limited number of variables in multivariate 

analysis. In DOE, the objective is to screen for response and optimize. Every imitation of a Factorial design (FD) 

explores all conceivable amalgamations of the factors. In FD, the levels are called 'high' (+1) and 'low' (-1), and 

the input factors are called FD at two levels. In this study screening of mucoadhesive microspheres of ACR was 

studied to assess the impact of independent variables on response using design expert software [6, 7].  

These authors plan to study the mucoadhesive properties of Neem fruit mucilage (NFM). Previous research has 

suggested NFM has antiviral properties. NFM may assist with antiviral therapy. NFM aims at achieving steady-

state systemic availability for a protracted period. Precision liberation systems, designed for ease of use, are an 

effective way to release short-acting drugs. 

MATERIALS AND METHODS 

Materials  

Acyclovir (ACR) was from Actavis Pharma, Bangalore. methocel 934P and dichloromethane were from Merck, 

Hyderabad. 

 

Methods 

Extraction of mucilage 

As defined by Ahad et al., 2010, [8] expressions were depleted. Following the washing of the neem fruits, they 

were soaked in water, boiled for an hour, and cooled. After the seeds were detached, partition was accomplished 

using petroleum ether (50%), ethyl acetate, and butanol. Using a multilayer muslin bag, the mucilage was mined 

to remove the marc. After being divided, parched in an oven at 40°C, poised, grounded, put through a # 80 sieve 

(Remi), and drained, the mucilage was stored in a desiccator at 30°C and 45% RH. 

 

Cleaning of the mucilage 

As defined by Ahad et al., 2021, [9] after homogenization (Biologics 150VT) with 5% trichloroacetic acid, 

centrifugation (Remi R-303), neutralization with NaOH, and dialysis in the SURDIAL-X, the NFM was filtered. 

Lastly, ethanol (95%) was treated with acetone and diethyl ether until it was clean. 

 

Experimental design 

We used Design Expert Software (11.0.5.0, Stat-Ease Inc.) to create and judge quadratic response surfaces to 

optimize the NFM using 9 runs, and a central composite design (CCD). A quadratic model was created based on 

determining the boundarykey, and quadratic chattels of independent variables on dependent variables [10]: 

Y= B0+B1 X1+B2X2+B12X1X2+B1X1
2 + B2X2

2 (1) 

The dependent variable is Y, the independent variables are X1 and X2, and the regression coefficients are B0, B1, 

and B2. For NFM, the dependent variables/responses were drug release at 3h (Y1), 6h (Y2), and 10h (Y3). A total 

of  9 experiments were used to design the variables and their levels used in the NFM optimization [11].  

The ingredients in various NFM are listed in Table 1. 

Table 1. Composition of the NFM 

Components 
Formulations 

B-1 B-2 B-3 B-4 B-5 B-6 B-7 B-8 B-9 

Acyclovir (mg) 200 200 200 200 200 200 200 200 200 

Ethyl Cellulose (mg) 50 50 50 50 50 50 50 50 50 

NFM (mg) 50 50 50 75 75 75 100 100 100 

Methocel 934P (mg) 50 75 100 50 75 100 50 75 100 

Dichloromethane (ml) 25 25 25 25 25 25 25 25 25 

Span 80 (ml) 2 2 2 2 2 2 2 2 2 

Glutaraldehyde (ml) 2 2 2 2 2 2 2 2 2 

Liquid paraffin (ml) 250 250 250 250 250 250 250 250 250 
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Preparation of NFM 

Dichloromethane and acetic acid were used to dissolve the methocel 934P, ACR, EC, and NFM. Using an IKA-

R1385 three-bladed propeller stirrer (300 rpm), this mixture was continuously stirred into liquid paraffin 

(containing span 80). A concentration of 5 min per minute of 133lutaraldehyde was added dropwise (3h of 

stirring). After centrifugation and washing with petroleum ether, the Acyclovir-Neem mucoadhesive 

microspheres were removed from liquid paraffin. To remove residual 133lutaraldehyde from NFM, it was 

suspended in sodium bisulfite (5%) for 15 min later washed with distilled water. Vacuum desiccators were used 

to preserve the microspheres so formed [12].  

 

Evaluation parameters 

Identification of drug 

ACR spectrum (FTIR) was compared with the reference spectrum to see if any functional groupings had changed. 

 

Determination of melting point 

The ACR melting point was evaluated by the open capillary method [13]. 

 

Drug Excipient compatibility studies  

DSC 

ACR and NFM were appropriated in a mini pan of DSC at 50–300°C in a 1:1 ratio (Venchal Scientific-412105–

USA). 

FTIR 

By scanning on a 4000-400 cm-1 array, FTIR spectroscopy (Bruker) was used to examine the synergy between 

ACR and NFM. 

 

Initial risk assessment 

Quality by Design (QbD) is one of the characteristics of Quality Target Product Profile (QTPP) as described in 

ICH Q8 and Q9. The extraction of the unprejudiced at the beginning of the development of a product is similarly 

presumptive. A QTPP ensures that a product meets essential quality standards by utilizing product assets [14-16]. 

Based on previous explorations and literature judgments, we examined the QTPP and CQAs for the NFM. 

 

Evaluation of physical properties 

Particle size measurement 

A stage micrometer scale was adopted to assess the microsphere’s particle size by placing them on glass slides 

using an eyepiece micrometer and 100 particles were counted for each batch [17-19]. 

 

Production yield 

The production yield was premeditated from the ratio of the mean weight of parched microspheres (W1) 

recuperated from each of 3 trials to the total of the preliminary dry weight (W2) [20, 21]. 

 

%Percentage Yield =  
Weight of the attained  microspheres

Total weight of drug and polymers
×  100 (2) 

Entrapment efficiency 

100 mg of microspheres dispersed overnight in 0.1 M HCl and the mixture was filtered assessed at 254 nm 

spectrophotometrically (Elico Spectrophotometer, SL-174). Entrapment efficiency was determined by comparing 

the sum of ACR in the formulation with the amount initially added [22, 23]. 

Entrapment efficacy =  
Practical drug yield

Theoretical drug content
×  100 (3) 

Swelling measurement 
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The swelling of microspheres was conducted by keeping them in 0.1M HCl. After 3h, they were removed, 

centrifuged, and the weight gained was resolute by the difference in weight gained at time t (Xt) and the initial 

time (t = 0 [X0]) as deliberated from the following equation [15, 24]. 

% SI =  
Xt − Xo

Xo
×  100 (4) 

Where Xt-weight of the NFM after time t; Xo- Initial weight of the NFM  

 

Mucoadhesion measurement study 

Mucoadhesive time (MT) was judged with a piece of 5 cm of fresh sheep stomach that had been eviscerated and 

washed with isotonic saline within 60 min of the animal's death. Using a polyethylene plate that was immobile at 

a position of 40° relative to a straight line, we kept a precise microsphere weight on the mucosal surface. The 

tissue was applied at a rate of 5 ml/min with HCl (0.1M) warmed to 37±1°C. We measured how long it took the 

sheep to detach all of the microspheres from its mucosal surface [25-27]. 

Force of adhesion (N)  =  
Mucoadhesive strength (g) ×  9.81

1000
 (5) 

In Vitro ACR release study 

Microspheres were dispersed using the USP-II apparatus at a stirring rate of 50±5 rpm at a temperature of 

37±0.5°C, using 900 ml of HCl (0.1N HCl) as a dissolution medium. A 5 ml sample at different breaks 

(replenished the volume of dissolution media at each break) and a spectrophotometric analysis were performed at 

254nm on the samples. At 3h, 6h, and 10h, the amount of ACR released was recorded [28]. 

 

Statistical optimization 

With Design-Expert, we estimated independent influences on retorts from contour plots (2D) and response surface 

plots (3D). Statistical validation of polynomial intentions was obtained by judging ANOVA eatables (software 

generated). The ANOVA endowment created a statistical model to determine model abundance and aptitude. An 

F value with a p-value of 0.05 [29]. 

RESULTS AND DISCUSSION 

Identification of drug 

When comparing the sample spectrum of ACR with the reference spectrum, there were no significant differences 

in the functional groups. 

 

Determination of melting point 

The standard melting point of ACR was in the array of 254.8±1.7℃ 

 

Compatibility studies 

As a result of the DSC assessment, the pure ACR produced a sharp endothermic peak, representing the purity of 

the ACR. When combined with excipients that shifted left, this peak becomes broader. Observations of the DSC 

indicate there is no interaction between ACR and the excipients. 

The ACR pure form spectrum shows FTIR bands for secondary amines, phenyl esters, and carboxylic groups. 

Blends (B-9) have peaks and stretches similar to pure drugs. Excipients in ACR did not obstruct peaks and 

stretches in its spectrum. 

 

Physical properties 

Particle size 

For all formulations, particle size was determined using optical microscopy. The microspheres array ranges from 

30.9±0.1 to 37.9±0.2 µm (Figure 1), with B-6 having a larger particle size. 

 

Yield of NFM 

ANMM gave a %yield of 79.4±1.7 to 88.9±1.2, B-5 showed a maximum (Figure 1). 
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% Drug entrapment 

The drug entrapment of ANMM was pragmatic in the range of 74.8±1.52 to 84.5±2.54, Formulation with more 

NFM (B-7 to B-9) gave good ACR entrapment (Figure 1). 

Swelling measurement 

By analyzing the ACR release pattern, the ANMM can be used to govern the extent of mucoadhesion. The 

swelling index shrank steadily as the NFM concentration decreased. Among the batch B-9 samples, batch B-8 

and B-9 were the most swollen. NFM may not have been present in adequate masses to cause swelling. B-7, B-8, 

and B-9 likely contain the highest concentrations of NFM. In NFM, several polar compounds enable it to absorb 

and hold water, as well as have swelling properties. 

 

In vitro mucoadhesion time 

The mucoadhesion of all batches of NFM ranged from 11.2±0.18 (B-1) to 14.2±0.05 (B-9) (Figure 1). With an 

increase in NFM content aided by methocel 934 P levels, mucoadhesion time was considered to increase. 

 

In vitro drug release 

NFM was studied for dissolution. A comparison of formulations B-6 and B-4 shows 91.9±4.5% and 90.8±1.7% 

(Figure 2) of good ACR release at the end of 10 h. 

 

  

a) b) 

  

c) d) 

  
e) f) 

Figure 1. Particle size. % yield, drug entrapment, swelling index, mucoadhesive time and drug release at 3h, 

6h, and 10h of microspheres 
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ACR estimation 

With a UV-VIS spectrometer, a calibration curve for ACR was obtained for the estimation in 0.1M HCl solution 

at 254 nm λmax. Beer's law witnessed that the calibration curve was in the range of 0-10 μg/ml (repeated thrice). 

Data like this is helpful in determining content uniformity. 

 

Fit summary 

In Table 2, the fit summary for the responses to DR at 3h, 6h, and 10h is shown. 

 

Table 2. Fit summary for the responses 

Fit summary for the response 1 (DR at 3h) 

Source Sequential p-value Adjusted R² Predicted R² 

Linear < 0.0001 0.9542 0.9236 

2FI 0.3338 0.9553 0.8936 

Quadratic 0.0035 0.9983 0.9942 

Cubic 0.8156 0.9966 0.9217 

Fit summary for the response 2: (DR at 6h) 

Linear 0.0011 0.8625 0.7849 

2FI 0.7812 0.8378 0.6120 

Quadratic < 0.0001 0.9999 0.9998 

Cubic 1.0000   

Fit summary for the response 3: (DR at 10h) 

Linear < 0.0001 0.9572 0.9366 

2FI 1.0000   

Quadratic 0.0019 0.9987 0.9957 

Cubic 0.8660 0.9970 0.9318 

 

ANOVA for Quadratic model 

ANOVA for the responses i.e., DR at 3h, 6h, and 10h were denoted in Table 3. 

 

Table 3. ANOVA for the responses 

ANOVA for the response 1: DR at 3h (%) 

Source Sum of Squares df Mean Square F-value p-value  

Model 284.80 5 56.96 927.84 < 0.0001 significant 

A-Methpol 934P 4.51 1 4.51 73.41 0.0033  

B-NFM 270.68 1 270.68 4409.29 < 0.0001  

AB 1.82 1 1.82 29.69 0.0121  

A² 0.1800 1 0.1800 2.93 0.1854  

B² 7.61 1 7.61 123.88 0.0016  

Residual 0.1842 3 0.0614    

Cor Total 284.98 8     

ANOVA for the response 2: DR at 6h (%) 

Model 51.66 5 10.33 27897.00 < 0.0001 significant 

A-Methpol 934P 0.9600 1 0.9600 2592.00 < 0.0001  

B-NFM 45.37 1 45.37 1.225E+05 < 0.0001  

AB 0.0900 1 0.0900 243.00 0.0006  

A² 0.0089 1 0.0089 24.00 0.0163  

B² 5.23 1 5.23 14113.50 < 0.0001  
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Residual 0.0011 3 0.0004    

Cor Total 51.66 8     

ANOVA for the response 3: DR at10h (%) 

Model 26.73 5 5.35 1202.70 < 0.0001  

A-Methpol 934P 0.6667 1 0.6667 150.00 0.0012  

B-NFM 25.22 1 25.22 5673.38 < 0.0001  

AB 0.0000 1 0.0000 0.0000 1.0000  

A² 0.0000 1 0.0000 0.0000 1.0000  

B² 0.8450 1 0.8450 190.13 0.0008  

Residual 0.0133 3 0.0044    

Cor Total 26.74 8     

 

The model’s F-value of 927.84 designates that the model is significant for the response of DR at 3h. There is only 

a 0.01% chance coincidental that a large F-value would occur as a result of noise. Model terms are significant 

when P-values are less than 0.05. Model terms A, B, AB, B2 are significant. Values >0.1 indicate the model is not 

significant. It may be beneficial to reduce model terms (excluding those required for supporting hierarchy) if there 

are many insignificant terms in your model. 

Furthermore, the response of DR at 6h signposts that the model is significant since its F-value is 27897.00. In this 

case, A, B, AB, A2, and B2 correspond to significant model terms. 

In contrast, the model F-value of 1202.70 signposts that the model is significantly based on the response of DR at 

10h. In this case, A, B, B² are significant model terms. 

 

ANOVA details of DR at various intervals 

The ANOVA for DR at 3 h, 6 h, and 10 h is shown in Table 3. This model is significantly based on the F-value. 

In these cases, X1, X2, and X3 were significant terms in the model. Any value > 0.1 signposts that the model is not 

significant. As a result of these coding factors, the final equation for DR at 3h was as follows: DR at 3h = +35.47-

0.8667A-6.72B-0.6750AB-0.3000A2-1.95B2, DR at 6h (%) was as follows: DR at 6h = +69.02-0.4000A-2.75 

B+0.1500AB +0.0667A2+1.62B2, the DR at 10h was as follows: DR at 10 as: DR at 10h=+92.87-0.3333A-

2.05B+0.0000AB+0.0000A²+0.6500B². For the given levels of each factor, the equation in terms of coded factors 

can be used to predict the response. Factors with a high level are automatically coded as +1 and those with a low 

level as -1. By comparing the coefficients of the factors, the coded equation can identify the comparative control 

of the factors. 

 

Diagnostic analysis for DR at various intervals  

Diagnostic plots were used to observe the goodness of fit of the DR at 3h (Figures 2a-d). At the normal prospect 

line of the plot of outwardly studentized residuals, a maximum of colored points represents the DR at 3h, thereby 

confirming that the residuals are normal and suggesting a suitable analysis of the response data. There are no 

significant residuals, suggesting the hypothesis of normality holds (Figure 2a). The DR at 3h was within the 

limits, as shown by the plot of residuals against predicted values. By looking at the random distribution of 

studentized residuals, it appears that the assumption of constant variance (Figure 2b) is true. Variables predictive 

of DR at 3h of testing were identified by plotting residuals against run numbers. In Figure 2c, all the points 

indicate that there were no faraway observations during the run. Based on Figure 2d, it was observed that the 

predicted and actual DR values at 3h were very similar. Similar findings were made even at DR after 6 h (Figures 

2e–h) and 10 h (Figures 2 i-l). 
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a) b) 

  
c) d) 

  

e) f) 

  

g) h) 

  
i) j) 
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k) l) 

Figure 2a-l. Plots showing the interaction effects of polymers on ACR release at 3h (a-d), 6h (e-h), and 10h 

(i-l) for NFM 

Figure 3 is the representation of the DR at 3h, 6h, and 10h with 3D response plots. 

 

  

a) b) 

  
c) d) 

  
e) f) 

Figure 3. Contour plot and 3D response plots for DR at 3h, 6h, and 10h 

 

Plots like this show the sway of same time two-factor response. The contour and response surface plots 

respectively (Figure 3) show that a corresponding increase in the mucoadhesion time of the formulation. 
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CONCLUSION 

When the microspheres are digested, the Acyclovir (ACR) is released into the stomach. ACVR’s formulation 

included Neem (Azadirachta indica) fruit mucilage (NFM) combined with Methocel 934 P. The mucoadhesive 

polymers control the amount and rate of Acyclovir (ACR) release in the mucoadhesive drug delivery system. 

Compared to other formulations. The quantities of NFM are less in formulations B-1 to B-3, indicating good 

entrapment of ACR. NFM content in all batches increased with an increase in mucoadhesive time. It can be 

concluded from this study that mucoadhesive microspheres of ACR with NFM aided by methocel 934 P meet the 

ideal requirement for mucoadhesive microspheres, which can enhance retention and availability in the stomach 

for efficient and intended drug delivery. 
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