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ABSTRACT 

Objective: Nicotine is a natural alkaloid found in Nicotiana tabacum and is widely used as a potent stimulant. This study aims to extract and 
characterize nicotine from tobacco powder and formulate a nicotine-containing Oral Fast-Dissolving Film (OFDF) for nicotine replacement therapy. 

Methods: Nicotine was extracted from tobacco using water and Hydrochloric Acid (HCL). Purification was performed using column 
chromatography. The extracted nicotine was characterized using UV-visible spectroscopy, XRD, SEM, and FTIR. The OFDF was prepared using a 
Quality by Design (QbD) approach; a factorial design 3x3 was employed for film optimization. The solvent casting method was used for film 
preparation. The optimized formulation was evaluated for folding endurance, disintegration time, and drug release. Stability studies were 
performed as per ICH guidelines. 

Results: The extraction process successfully yielded purified nicotine in crystalline form, having a crystalline index of 88.89%. The extracted 
nicotine shows lambda max at 260 nm; the FTIR study confirms the stretching and bending vibration frequencies for nicotine. The polymer 
Hydroxypropyl Methylcellulose (HPMC-E5) and plasticizer Polyethylene Glycol (PEG) concentrations (w/w) were selected as independent 
variables. At the same time, disintegration time, folding endurance, and dissolution time were evaluated as dependent variables for QbD. All the 
formulations were assessed, and FF3 is the optimized batch based on the dissolution, drug content, and folding endurance. 

Conclusion: Nicotine was extracted and purified. The purified nicotine was then incorporated into an OFDF, which exhibited rapid disintegration 
and dissolution. This formulation can aid patients experiencing nicotine withdrawal symptoms by providing a safer, immediate nicotine release. 
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INTRODUCTION 

Oral Fast-Dissolving Film (OFDF) has recently gained popularity in 
the pharmaceutical industry because of its immediate release action. 
This OFDF was developed based on the transdermal patch 
technology OFDF [1]. OFDF disintegrates within a minute when it 
comes in contact with the saliva and releases the drug [2]. The OFDF 
system emerged as an economical way of administering unit doses 
of medication to normal, pediatric, and geriatric patients who have 
difficulty swallowing standard pills, capsules, liquid orals, or syrup 
[3]. The delivery method comprises a thin oral strip that quickly 
absorbs saliva, hydrates rapidly, and sticks to the application site [4] 
when placed under the patient's tongue [5]. The film then 
disintegrates and dissolves, releasing the drug for absorption 
through the mucosal route. This maintains quick-dissolving 
properties and allows gastric absorption when ingested [6]. 

Recently, research has focused more on the buccal and sublingual 
drug delivery systems because of their unique anatomy and 
physiology. Nicotine pouches recently caught researchers' attention. 
It is a new class of nicotine products and is non-intrusive and 
appealing, especially to younger demographics [7]. Some studies 
raise concerns about the safety of nicotine pouches used in the US 
for smoking cessation, prompting researchers to analyze their 
trends [8]. Researchers are also working on the potential of oral film 
alternatives to conventional tablets for erectile dysfunction 
treatment. A novel sildenafil citrate-loaded orally dissolving film was 
prepared for rapid disintegration [9]. The combination of 
dexamethasone oral film was provided to the breast cancer patient 
undergoing highly emetogenic chemotherapy as an antiemetic [10]. 

The Quality by Design (QbD) principle has led to significant 
advancements in drug delivery, especially in formulation 
optimization [11]. The preparation and characterization of solid 
lipid nanoparticles for bioavailability enhancement follow a QbD 

approach to ensure quality and performance [12]. The systematic 
use of QbD helps to improve product quality consistency, optimize 
formulation process parameters, regulatory compliance, faster 
approval, and cost-time efficiency in development [13, 14]. 

Nicotine is an exogenous agonist for most nicotinic acetylcholine 
receptors (nAChRs), except nAChRα9 and nAChR10 [15, 16]. Found 
in N. tabacum, D. hopwoodii, A. syriaca, and N. rustica leaves (2–
14%), its delivery remains challenging due to physicochemical 
properties and adverse effects. Nicotine is highly addictive [17]. 

Nicotine is one of the most commonly abused substances. It acts as a 
Central Nervous System (CNS) stimulant. An ordinary cigarette 
delivers 1–2 mg of nicotine, while excessive doses (30–60 mg) can 
be hazardous. In animals, it induces both anxiety and behavioral 
excitement [18]. Nicotine addiction involves drug-reinforced 
behavior, compulsive use, and relapse after withdrawal. It includes 
tolerance, sensitization, and both physical and psychological 
dependence. Withdrawal symptoms include distress, depressed 
mood, tension, anxiety, irritability, difficulty concentrating, and 
sleep disturbances [19]. According to the survey, nicotine is the most 
addictive drug. Quitting smoking is complex and may need multiple 
efforts; people who stop smoking frequently relapse due to 
withdrawal symptoms, stress, and weight gain [20, 21]. Tobacco 
smoke contains a lethal combination of over 7,000 compounds, of 
which hundreds are toxic and approximately 70 can cause cancer. 
Smoking raises the chance of significant health problems, a variety 
of diseases, and even death. People who cease smoking have a much 
lower risk of disease and premature mortality. However, the health 
benefits to people are more significant [22]. 

Many nicotine delivery systems are available on the market, such as 
nicotine gums, lozenges, nicotine pouches, and ENDS (electronic 
nicotine delivery systems). In the case of nicotine chewing gum, 
active chewing is required, and an older person cannot chew for a 
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long time. As mentioned above, nicotine pouches have raised 
regulatory concerns [23, 24]. Nicotine film is appropriate for 
smokers who take their first cigarette of the day more than 30 min 
after awakening. On the tongue, place one film. To dissolve the 
nicotine film, close the mouth and gently press the tongue on the 
roof of the mouth for around three minutes. By reducing the 
frequencies, people can quit the habit of nicotine consumption [25]. 

This study aims to develop nicotine-containing OFDF using excipients 
like Hydroxypropyl methylcellulose (HPMC) Premium E5 lV, 
polyethylene glycol, citric acid, Tween 80, saccharin, and menthol to 
enhance patient acceptability. Nicotine was extracted from raw tobacco 
and characterized using Scanning Electron Microscopy (SEM), Powder X-
ray Diffraction (PXRD), Differential Scanning Calorimetry (DSC), and 
Fourier Transform Infrared Spectroscopy (FTIR). The film was prepared 
using the solvent casting method and a simple factorial design based on 
the QbD approach. Key parameters such as disintegration time, tensile 
strength, and folding endurance were evaluated. 

MATERIALS AND METHODS 

Material 

The analytical and laboratory-grade excipients supplied by the 
different vendors' nicotine were obtained from Sigma Aldrich. HPMC-
E5 was procured from Colorcon Asia Pvt. Ltd., India, Tween 80 from 
Merk India Pvt. Ltd., glycerine from Sumer Company, and PEG 400 
from Qualigens Fine Chemicals. The tobacco power was purchased 
from the nearby Sai pan shop in Vishnupuri, Nanded. Sigma-Aldrich 
India Pvt. Ltd. provided the solvents and other chemicals. The 
Department of Pharmaceutical Quality Assurance installed a MilliQ 
water system that used water for formulation and other activities. 

Methods 

Extraction of nicotine from tobacco 

Different extraction methods were tried to isolate crystalline 
nicotine from tobacco, mainly water, water and lemon juice, and 
nicotine extraction using NaOH and petroleum ether [26, 27]. 
Nicotine extraction uses HCL, benzene, and water, and extraction 
uses water and HCL acid. The different extraction methods were 
assessed to isolate pure nicotine, and we finalized the technique 
depending on the % recovery. The extract powder was dissolved in 
water, and the UV-visible spectroscopic analysis was performed to 
check the maximum lambda [28]. The purity study was conducted 
using UV-visible spectroscopy. Nicotine extraction using water and 
acid was done for the final extraction, depending on the recovery 
percentage. The procedure followed was to mix 1 g of tobacco with 
10 ml of water and add hydrochloric acid until the blue litmus paper 
turned red. This addition is because nicotine is a weak base, and at 
low pH, it will form water-soluble salt nicotine HCL, increasing 
aqueous solubility. This solution is covered and placed for 24 h [29]. 
After the 24 h filter, the mixture is filtered using filter paper. The 
residue is removed, the filtrate is collected, and the solution is 
heated under a burner. The water molecules will evaporate, and the 
nicotine extract will be concentrated at the bottom of the beaker; a 
black nicotine powder will be observed. Purification of extracted 
nicotine was performed using column chromatography, as reported. 
The stationary phase was prepared by dissolving 70 g of silica gel 60 
in 250 ml of petroleum ether, with an ethanol ratio of 80:20. The 
extracted 2 gm of black powder was mixed with 2 gm of silica gel 
powder and dried for 15 min, gently loaded on the silica bed, and 
run through the chromatography. 250 ml of PE: Ethanol (80:20) is 
used as the mobile phase, and the stopcock is opened to maintain 
continuous solvent flow to prevent dryness. Collect the fraction and 
check for the UV to confirm the lambda max. After all the fractions 
are subjected to the rota evaporator, a yellow crystal of nicotine is 
collected and stored in the freezer for further characterization [30]. 

Characterization of extracted nicotine powder 

Physical appearance and solubility 

The nicotine extract was visually checked for color, odor, and 
appearance; the solubility of the nicotine extract was checked in 
different solvents like water, ethanol, and methanol [31, 32]. 

Ultraviolet-visible spectroscopy 

The Shimadzu UV-1800 UV-visible spectrophotometer was used to 
analyze the extracted nicotine's lambda max, assess purity, and 
quantify it. It was used for other studies, such as dissolution and 
content uniformity of the OFDF film. The stock solution (1000 
ug/ml) was prepared by dissolving 1 mg of nicotine in 1 ml of water, 
from which further serial dilutions were prepared and used for the 
analysis. Prepared a standard 100 ug/ml solution by diluting stock 
solution and scanned it in the 200-800 nm range to determine λ 
max. The calibration curve was prepared for purity analysis and 
quantification [33]. Purity analysis was performed by comparing 
with standard absorbance calibration curves prepared to measure 
the absorbance at λmax and plot Absorbance vs. Concentration, 
followed by an analysis of the sample and comparison of expected 
vs. observed concentration to estimate purity [34]. 

FTIR 

An FTIR spectroscopy was conducted on the extracted nicotine 
powder used in the drug excipient compatibility study. The process 
consisted of putting a nicotine sample in an FTIR Sample holder. The 
nicotine sample was placed in the light path and scanned over the 
wavenumber 4000-400 cm-1 range on Shimadzu FTIR Prestige-21. 
The obtained spectrum was recorded. For drug excipient 
compatibility, the second sample was a physical mixture of nicotine 
extract with an excipient sample, weighted and scanned over the 
4000-400 cm-1 range. The obtained spectrum was recorded [35]. 

SEM 

SEM studies were performed to check the surface morphology of the 
extracted powder. The samples were analyzed using the JEOL JSM-
6390LV made by JEOL Limited, Tokyo (Japan). The sample was placed in 
a sample holder, and at ×1000 magnification, images were captured 
from different angles using a tungsten filament as the electron source. 
The surface morphology of the extracted nicotine powder was analyzed 
using SEM at various magnifications (2.00 KX and 10.00 KX) [36, 37]. 

PXRD 

The diffraction pattern for nicotine extracting powder was recorded 
using Goniometer Ultima4, model generator (S. R. T. M. U. Nanded 
University, Nanded) in the 10˚-80˚ 2-theta scale with k-˝ß filter. The 
position and intensities of diffraction peaks were considered, and 
the crystalline of the drug was compared [38, 39]. 

Formulation of the nicotine-containing film 

Drug-excipient compatibility study 

The Drug-excipient compatibility study was performed to 
understand the nicotine compatibility with the HPMC E5. The 
physical mixture of extracted nicotine and HPMC E5 was prepared in 
a commonly used 1:1 ratio and thoroughly mixed using a mortar and 
pestle. The KBr pellet method was used to prepare the sample. FTIR 
samples were prepared by mixing 1 mg of the sample with 100 mg 
of dry KBr, grinding to a fine powder, and pressing into a thin, 
transparent pellet. Analyze the prepared physical mixtures using FT-
IR and record the spectra. Data was analyzed by focusing on the 
functional group present in the nicotine molecule [40]. 

Formulation and development of OFDF 

The solvent casting method was used for the OFDF preparation. A 
simple factorial design (quality-by-design) approach was used for 
formula optimization, with Design-Expert software (Stat-Ease) for 
analysis. The parameters like Quality Target Product Profile (QTPP), 
Critical Quality Attributes (CQA), and critical process parameters 
were defined, and independent and dependent variables were 
selected [41, 42]. The table for this is mentioned in the 
supplementary files. In independent variables, the concentration of 
polymer (w/w) and plasticizers (w/w) were selected while the 
dependent disintegration time, folding endurance, and dissolution 
time were set. Please check tables T1 and T2. A simple solvent 
casting method was used, where the film was formed using a 
polymer and plasticizer ratio in a tiny beaker. 

In this method, the water-soluble polymers are first dissolved at 1,000 
rpm and heated to 40 °C. All other excipients, such as colors, flavoring 
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agents, and sweetening agents, are dissolved separately. Both 
solutions are then mixed thoroughly while stirring at 1,000 rpm. The 
resulting solution is then combined with nicotine dissolved in water. 
Entrapped air is removed using a vacuum. The final solution is cast 
into a film and allowed to dry before being cut into pieces of the 
desired size. The target thickness range was set at 100–200 µm and 
ensured using a micrometer screw gauge. After casting, the film is 
placed in an oven at 40 °C for drying for 4 h. Once dried, it is stored in a 
desiccator to prevent moisture absorption. HPMC E5 lV was selected 
as the polymer at a 1–3% concentration due to its low viscosity, which 
enhances the film's hydration and swelling. It is widely used in 
preparing mouth-dissolving films and is classified as GRAS (generally 
recognized as safe) and biocompatible. The concentration range was 
chosen to optimize film properties, ensuring adequate flexibility and 
mechanical strength. PEG was used as a plasticizer within a 0.5–1.5% 
range. PEG is commonly used as a plasticizer to improve film flexibility 
and reduce brittleness while enhancing drug release. 

Additionally, HPMC and PEG are compatible, and the selected 
concentration range (0.5–1.5% w/w) maintains a balance between 
mechanical strength, flexibility, and drug release. Similarly, nicotine 
extracted power was dissolved in another beaker in a 2 mg dose, 
and both phases were mixed on the magnetic stirrer for 30 min. It 
mixes appropriately, and then it casts on the Petri dish. After 
completely drying, cut the film to the required size [43-45].  

Dose calculation 

The calculation of the dose and diameter of the film can be changed 
if we fix the diameter to 2.5*2 cm. The total 16 films can be 
formulated in one Petri dish with a dose of 2 mg using the 
calculation as mentioned below  

Amount of drug present in one film = 2 mg 

Diameter of proposed film =2.5*2 cm 

Area of the film = 5 cm2 

The diameter of the plate = 8.8 cm 

Radius of the plate = 8.8/2 = 4.4 cm 

Area of the plate = πr2 = 3.14*(4.4)2 

=3.14*19.36 

=60.86 cm2 

Number of films present in the proposed area of the plate = area of 
plate/area of the film 

= 60.86/5 

= 12.17 
 

Table 1: Independent variables in the design experts 

Factor Level used, actual (coded) 
Independent variables Low (_1) Medium (0) High (+1) 
X1= concentration of polymer (% w/w) 1 2 3 
X2= concentration of plasticizer (% w/w) 0.5 1 1.5 
 

Table 2: Batch optimization formula generated by design experts 

S. No. Film formula Polymer (mg) Plasticizer (mg) Saliva stimulating agent (mg) Sweeting agent (mg) Drug (mg) 
1 FF1 100 50 50 50 30 
2 FF2 200 100 50 50 30 
3 FF3 300 150 50 50 30 
4 FF4 100 100 50 50 30 
5 FF5 200 50 50 50 30 
6 FF6 200 150 50 50 30 
7 FF7 300 100 50 50 30 
8 FF8 300 50 50 50 30 
9 FF9 100 150 50 50 30 
 

Evaluation of OFDF 

Film thickness 

The thickness of the film is calculated by using a micrometer screw 
gauge. The film thickness was measured at five positions, i.e., the 
center and the four corners, and the mean thickness was calculated. 
This test was performed on three films of each formulation. The 
maximum variation in the thickness of the films should be less than 
5%, and the mean±SD should be calculated. 

Film transparency 

Film transparency is tested with an open eye. The film was placed on 
a black background, patterns that appeared throughout the film 
were observed, and clarity, i.e., transparency, was checked. 

Weight variation 

For the weight variation test, the film's mean weight was recorded. 
The standard deviations of weight fluctuation were calculated using 
the mean value. 

Folding endurance 

The folding endurance value calculates how often the film can be 
folded without breaking. The numbers of folds were calculated. 

In vitro drug release study 

The study uses 50 ml of phosphate buffer with pH 6.8 maintained; 
the temperature was set at 37±0.5 °C and stirred at 50 rpm. The 

sample was withdrawn at predetermined intervals of 2 and 4, 6, 8, 
and 12 min. The fresh media was withdrawn and replaced with one 
ml to maintain the sink condition of the drug analyzed using UV-
visible spectroscopy [46]. 

Disintegration test 

The petri dish method was used to check the disintegration time of 
the oral film. 1 ml of distilled water was placed in a Petri dish, and 
one film was added to the water's surface. The time was measured 
until the oral film was dissolved entirely [46]. 

Stability study of OFDF 

Stability is an essential part of any formulation; this stability study 
has been performed by following the guidelines of the International 
Conference on Harmonization (ICH). The optimized formulation was 
developed and packaged in a specific way. It was wrapped in 
aluminum foil after first wrapping it in butter paper, and then it was 
put in an aluminum pouch and sealed with heat. The acceptable 
storage temperatures for formulations are 30 °C/60% RH and 40 
°C/75% RH. After a month, the films were evaluated for drug 
content, disintegration time, and physical look [47]. 

RESULTS AND DISCUSSION 

Extraction and purification of nicotine from tobacco 

Fig. 1 shows the extraction of nicotine and column chromatography 
for the purification technique. The extraction of nicotine is a crucial 
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aspect of this study since we require nicotine, but it must be highly 
pure to prepare the film. Different extraction methods were tried, 
which are listed in the methodology section. One of the extraction 
techniques, NaOH and petroleum ether, found nicotine picrate salt. 
However, this compound is unsafe for consumption due to its 
toxicity. So instead, we tried other acids like tartaric and citric acid, 
but no positive result was found. Fig. S1 in the supplementary files 
provides images of the different acids used. The three methods, 

nicotine extraction using NaOH, petroleum ether, and nicotine 
extraction using HCL, benzene, and water, and extraction using 
water and acid, were shown to have the lambda max of nicotine. The 
% yield of these three methods was nicotine picrate, 0.1%; 
extraction using benzene, 0.5%; and extraction using water and acid, 
the highest 1.8% yield. The extraction using water and acid was 
further purified using column chromatography. After collecting all 
the aliquots, a rota evaporator evaporated the solvent. 

  

 

Fig. 1: Purification of the extracted nicotine using column chromatography 

 

Characterization of extracted nicotine powder 

Physical appearance and solubility 

The extracted nicotine powder is a yellowish, odorless crystalline 
substance. Solubility studies indicate it is moderately soluble in 
water, freely soluble in ethanol, and insoluble in chloroform. 

UV-visible scanning spectrophotometer 

The 20 µg/ml of a nicotine solution was scanned from 200 to 400 nm 
wavelength, showing maximum absorbance at 260 nm, which 
complies with the reported value [48]. Fig. 2 shows the UV spectra of 
nicotine and the standard calibration curves. The calibration curve of 
pure nicotine was prepared to quantify the nicotine from the extracted 
formulation. The calibration curve for UV analysis showed a linear 
relationship with the equation Y = 0.006x+0.026y and a high 
correlation coefficient (R² = 0.996), indicating excellent linearity. The 
limit of detection (LOD) and quantification (LOQ) using 
LOD=3.3×SD/slope and LOQ=10×SD/slope standard deviation is 0.02. 
The LOD = 1.10 µg/ml and LOQ = 3.33 µg/ml, respectively. 

The same calibration curve was used for the quantification of 
extracted nicotine. 

FTIR 

The FTIR study was performed on extracted nicotine powder to 
confirm the stretching and bending vibrations in the extracted 
powder. The study found similar stretching and bending for 
extracted nicotine compared with pure nicotine. C-H bending and 
stretching for extracted nicotine is 904 and 2970, while pure 
nicotine is 904 and 2780 cm⁻¹. Similarly, C=C and C=N stretching for 
extracted nicotine is 1667 and 1712 cm⁻¹. Table 3 shows the 
stretching and bending vibrations found in the FTIR spectra.  

In comparison, pure nicotine is 1644 and 1691 cm⁻¹, respectively. 
The FTIR study confirms similar stretching and bending vibrations. 
FTIR spectra of extracted nicotine are shown in fig. 3. 

SEM 

SEM image reveals the crystalline structures with diverse shapes and 
particle sizes. Particles appear angular, faceted, suggesting the 
crystalline nature of the extract. Some aggregation has been found, 
which may be due to the drying process of the extraction. The image 
also explains that the particles are uniform in size. Crystalline particles 
exhibit smooth surfaces with minimal irregularities, confirming the 
absence of impurities or amorphous regions in the extracted nicotine. 
The SEM image of extracted nicotine is shown in fig. 4 [49]. 

  

 

Fig. 2: UV-visible spectra of A) extracted nicotine powder, B) Calibration curve graph 
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Fig. 3: FTIR spectra of extracted nicotine 

 

Table 3: Stretching and bending vibration of pure nicotine and extracted nicotine 

Stretching/Bending  Pure nicotine  Extracted nicotine  
C-H bending  714, 904 733,951 
 C=N 1644 1667 
 C=C  1691  1712 
C-H Stretching 2970-2780 2980-2780 

 

 

Fig. 4: SEM image of extracted nicotine powder 

 

PXRD 

The PXRD study of extracted nicotine suggests that most of the 2θ 
values match with the pure nicotine diffraction pattern for pure 
crystalline nicotine, which is typically observed around 2θ = 10°, 
17°, 20°, 25°, and 30°. If compared with the extract, the ~31° peak 
in the extract closely aligns with a significant peak reported for 
pure nicotine (~30°), indicating the presence of crystalline 
nicotine. The other peaks, such as ~12° and ~44°, may be due to 
degradation or other forms of crystals. The PXRD spectra are 
shown in fig. 5. The crystallinity index was calculated using a 
simple, widely used Segal method—intensity values at specific 
angles (2θ). The highest and minimum intensities were fitted into 
the formula and calculated per this method, indicating a high 

degree of crystallinity in the sample; nicotine exhibits significant 
crystalline characteristics [50, 51].  

Crystallinity Index CI =
I002−Iam

I002
X100 

Where:  

I002 = Intensity of the strongest crystalline peak  

Iam = Intensity of the amorphous background (typically the lowest 
intensity value between crystalline peaks) 

CI =
4500 A. U. −500 A. U.

4500 A. U.
X100 

CI=88.89%.
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Fig. 5: XRD spectra of extracted nicotine powder 

 

Formulation of the nicotine-containing OFDF 

Drug-excipient compatibility study 

The drug-excipient compatibility study was performed using FTIR 
spectroscopy. Samples were analyzed to examine the bending and 
stretching vibrations of nicotine. In the mixture, nicotine-bending 
frequencies C-H, C=N, and C=C bend at 714, 1644, and 1691, 

respectively. Similarly, stretching frequencies for C-H show 2908, 
confirming that the nicotine extract is compatible with the 
excipients, as shown in fig. 6. Nicotine is a volatile and hygroscopic 
alkaloid that may undergo oxidation in the presence of oxygen. Film-
forming excipients like HPMC can help minimize nicotine loss. The 
interaction of HPMC with nicotine through hydrogen bonding can 
influence drug release [50]. 

 

 

Fig. 6: FTIR spectra of extracted nicotine with HPMC 

 

Table 4: Result of all batches design expert 

Run  
  

Batch  
  

Independent Variables    Dependent variables  
X1  X2 Y1 Y2 Y3 

1 FF1 -1 -1 95.6900±0.8627  14±1 12.66±2.51 
2 FF2 0 0 92.9500±1.1879  14±1 16.66±2.08 
3 FF3 1 1 96.0550±0.2192  17±1.52 18.33±3.51 
4 FF4 -1 0 95.8400±1.1314  11±1 30.66±3.05 
5 FF5 0 -1 92.5550±1.6193  16±1.73 6.0±2 
6 FF6 0 1 95.9300±0.5233  13±3 27±3 
7 FF7 1 0 91.9550±2.6092  19±1 8.0±3 
8 FF8 1 -1 91.2450±2.3405  22±1.73 3.0±1 
9 FF9 -1 1 97.7900±0.5515  09±1 51.33±4.04 

X1= Concentration of polymer (% w/w); X2 =concentration of plasticizer (% w/w); Y1 =drug release (%); Y2 = disintegration time (s); Data is given 
in mean±SD (n=3) 
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Formulation and development 

For optimization, the placebo film was prepared using the solvent 
casting method. Further, the nicotine film preparation formula 
was optimized by applying different concentrations to the Design 
Expert software. The nine different batches of the film were 
prepared and evaluated, including drug release, disintegration 
time, and folding endurance. The statistical method Analysis of 
Variance (ANOVA) test was applied to check the p-value, model F 
value, and significance. The p-value and F value are Design Expert 
output, which suggests that this model is highly significant. The 
FF3 was the final formula selected for further studies on stability 

and other evaluations. Table 4 shows the detailed results of 
optimized experiments. Table 5 shows the statistical significance 
(ANOVA results) for % drug release, disintegration time, and 
folding endurance. The extracted powder was used to prepare the 
film, but it was found to be improperly formulated before column 
chromatography. However, the film was formed after purification, 
as shown in fig. 7. The three different films are shown in the figure. 
First, the extracted powder of nicotine picrate was where the 
yellow film was observed; second, the extraction method of water 
and acid is a net-like film observed before column 
chromatography; and the final film was extracted, purified by 
column chromatography material, and used. 

 

 

Fig. 7: A) Film prepared using nicotine picrate crystals B) Film prepared before column chromatography C) Film prepared after column 
chromatography. 

 

Fig. 8 shows (a) a counterplot of drug release (Y1) (b): The curved 
surface shows a clear interaction between polymer and plasticizer 
concentrations on drug release. The curved surface shows how the 
amounts of plasticizer and polymer affect drug release. Drug release 
increases when polymer content is low and plasticizer concentration is 
high (red zone). The surface progressively slopes downward as the 
polymer concentration rises, demonstrating the inhibitory effect on 
drug release. Drug release is higher (red region) when polymer 
concentration is low and plasticizer concentration is high. The surface 

gradually slopes downward as polymer concentration increases, 
confirming its inhibitory effect on drug release. 3D response surface 
plot of drug release (Y1) shows the polymer and plasticizer effect. 
Higher polymer concentrations decrease drug release, most likely due 
to slower drug diffusion across the polymer network or an increased 
matrix density. Higher drug release is made possible by the matrix's 
decreased density at lower polymer concentrations. Drug mobility is 
improved by increasing the concentration of the plasticizer, which also 
reduces the stiffness of the polymer matrix. 

 

 

Fig. 8: (a) a counterplot of drug release (Y1) (b): The curved surface shows a clear interaction between polymer and plasticizer 
concentrations on drug release left image (Contour plot) (High drug release) → Green → Blue (Low Drug Release). Right image (3D 

Surface Plot) color gradient: yellow (High drug release) → Green → Blue (Low drug release) 

 

In fig. 9(a), a Counter plot of disintegration time (Y2) (b): 3D 
response surface plot for disintegration time (Y2). Low 
Disintegration Time (Blue Region): At high plasticizer and low 

polymer concentrations. A high disintegration time (red region) was 
noted at high polymer and low plasticizer concentrations. As 
plasticizer content falls and polymer concentration rises, the 
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disintegration time lengthens. The relationship between polymer 
and plasticizer concentrations is visually understood thanks to the 

3D figure, which shows how the disintegration time varies 
depending on the two parameters. 

 

 

Fig. 9: (a), a Counter plot of disintegration time (Y2) (b): 3D response surface plot for disintegration time (Y2). Left Image (Contour Plot) 
Color Gradient: Blue (Low disintegration time) → Green → Yellow (High disintegration time) Right Image (3D surface plot) Color Gradient: 

Blue (Low disintegration time) → Green → Yellow (High disintegration time) 

 

Fig. 10 (a): Counter plot of folding endurance (Y3) (b): 3D 
response surface plot of folding endurance (Y3) Folding 
endurance is highest in regions where both polymer and 
plasticizer concentrations are balanced. Low polymer 

concentration with low plasticizer concentration results in poor 
folding endurance (blue areas). Optimal folding endurance 
(yellow to red regions) occurs at moderately high polymer and 
plasticizer concentrations. 

 

 

Fig. 10: (a): Counter plot of folding endurance (Y3) (b): 3D response surface plot of folding endurance (Y3) Left Image (Contour Plot) Color 
Gradient: Blue (Low Folding Endurance) → Green → Yellow (High folding endurance) Right Image (3D surface plot) Color gradient: Blue 

(Low folding endurance) → Green → Yellow (High folding endurance) 
 

Table 5: Statistical significance (ANOVA results) for % drug release, disintegration time, and folding endurance 

Response Source Sum of squares df Mean square F-value P-value Significance 
% Drug release Model 73.11 5 14.62 39.48 0.0061 Significant 
 A-Polymer Concentration 28.17 1 28.17 76.05 0.0032 Significant 
 B-Plasticizer concentration 32.67 1 32.67 88.2 0.0026 Significant 
Disintegration time (sec) Model 124.17 2 62.08 97.17 <0.0001 Significant 
 A-Polymer concentration 96 1 96 150.26 <0.0001 Significant 
 B-Plasticizer concentration 28.17 1 28.17 44.09 0.0006 Significant 
Folding endurance (Folds) Model 1784.81 3 594.94 57.51 0.0003 Significant 
 A-Polymer concentration 711.12 1 711.12 68.74 0.0004 Significant 
 B-Plasticizer concentration 937.5 1 937.5 90.62 0.0002 Significant 
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Evaluation of OFDF 

The film thickness was measured; the average thickness of the film is 
0.065±0.012 mm. All films are transparent when seen visually. The 
weight variation test was performed individually; the average weight 
variation of the films was 0.0350±0.0024 g. Folding endurance is 
calculated by the number of times the film is folded without breaking, 
which is computed as the folding endurance value. The average folding 
endurance of the films is approximately 19.29 folds. In an in vitro drug 
release study, within 12 min, 95% of the drug was released from the 
film, as shown in fig. 11. The obtained data is fitted into various release 
kinetics models table 6, and the zero-order release kinetics followed 

by this study show good R², high MSC, and low AIC. In all the films, the 
average disintegration time is less than 30 sec using the petri dish 
method. The surface pH of the film was 6.68±0.02. It is essential to 
consider the film's pH since nicotine's stability is pH-dependent in the 
case of acidic conditions. A pH under six can cause nicotine's 
protonation, which is helpful for solubility but will hinder absorption 
in alkaline conditions. A pH of more than 8 can promote oxidation and 
degradation, forming nicotine N-oxide. Therefore, the maintained pH 
is close to neutral (6.5-7.5) to ensure nicotine stability [52], [53]. The 
ideal pH for oral films typically falls within the range of 5.5 to 7.0 for 
patient comfort, and the saliva pH is usually between 6.2 and 7.6. The 
detailed evaluation parameters are mentioned in table 7. 

 

 

Fig. 11: In vitro drug release study from the oral film, data is given in mean±SD. (n=3) 

 

Table 6: Nicotine oral film release kinetics 

 Zero-order R²  MSC  AIC 
0.965 48.2722 -0.5814 (Best) 

First-order 0.9911 (Second highest) 26.5013 3.0471 
Higuchi 0.9882 31.1304 2.2756 
Korsmeyer-Peppas 0.9915 (Highest R²) 24.3525 (Lowest MSC) 3.4052 (Highest AIC, Worst) 

 

Table 7: Film evaluation parameters 

Film  Film thickness Film 
transparency 

 Weight 
variation 

Folding 
endurance  

Disintegration 
time  

Surface pH Drug content Dissolution 

Film 1 0.02± 0.01 Transparent 0.0218±0.0011 12.66±2.51 14±1 6.44±0.02 97.53±0.41 95.6900±0.8627  

Film 2 0.04± 0.005 Transparent 0.0455±0.0027 16.66±2.08 14±1 6.55±0.03 97.03±0.47 92.9500±1.1879  

Film 3 0.07±0.01 Transparent 0.0410±0.0004 18.33±3.51 17±1.52 6.60±0.03 98.53±0.64 96.0550±0.2192  

Film 4 0.07±0.01 Transparent 0.0281±0.0022 30.66±3.05 11±1 6.83±0.04 94.25±0.08 95.8400±1.1314  

Film 5 0.05±0.01 Transparent 0.0233±0.0025 6.0±2 16±1.73 6.74±0.02 95.50±0.30 92.5550±1.6193  

Film 6 0.05±0.05 Transparent 0.0258±0.0019 27±3 13±3 6.71±0.02 96.60±0.36 95.9300±0.5233  

Film 7 0.06±0.02 Transparent 0.0414±0.0031 8.0±3 19±1 6.85±0.03 96.40±0.36 91.9550±2.6092  

Film 8 0.15±0.03 Transparent 0.0422±0.0019 3.0±1 22±1.73 6.71±0.03 94.30±0.40 91.2450±2.3405  

Film 9 0.08±0.01 Transparent 0.0455±0.0037 51.33±4.04 09±1 6.45±0.03 96.36±0.51 97.7900±0.5515  

Data is given in mean±SD (n=3) 

 

Stability study of the OFDF 

The stability study was performed as per ICH guideline Q1A (R2). 
The prepared formulation was wrapped uniquely. No change has 

been observed in the color. The parameters, like drug content, 
dissolution, and disintegration time, were evaluated after the 
completion of each month. The stability study values are provided in 
table 8. 

 

Table 8: Stability study of the film 

S. No. Months Drug content % Dissolution % Disintegration time sec 
1. Initial 98.53±0.64 96.21±1.79 17±2 
2. After1month 98.24±0.18 96.15±0.89 15±1 
3. After2months 97.96±0.72 97.24±2.78 16±3 
4. After3months 97.48±0.56 96.48±1.34 18±1 

*Data is given in mean±SD. (n=3) 
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CONCLUSION 

This study presents a process for extracting and preparing a 
nicotine-containing OFDF. This formulation allows smokers to 
receive a unit dose of nicotine as needed, helping to reduce 
withdrawal symptoms associated with tobacco or cigarette 
cessation. The film is particularly beneficial for older individuals 
who may find it challenging to use nicotine gums or e-cigarettes. 
When the extracted nicotine is incorporated into the oral film, it is 
rapidly released, stimulating the CNS and alleviating withdrawal 
symptoms. This technique is simple, cost-effective, and efficient. The 
resulting film disintegrates quickly and dissolves rapidly. In vitro 
drug release studies have shown promising results. Further, in vivo 
studies are essential in assessing the formulation's 
pharmacokinetics and bioavailability. Long-term stability studies 
will provide insights into product robustness. Additionally, future 
research can focus on clinical translation to improve patient 
compliance, ensure safety, and meet regulatory requirements for 
potential commercialization. 
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