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ABSTRACT 

Objective: To develop and evaluate bilayer sublingual tablets containing Butterbur and Bee’s Pollen extracts for the management of Chronic 
Obstructive Pulmonary Disease (COPD). The aim was to achieve anti-inflammatory, anti-allergic, and immune-modulatory effects via a non-invasive 
delivery system, improving patient compliance and therapeutic outcomes. 

Methods: Bilayer tablets were formulated using direct compression, with Bee’s Pollen serving as the immune-modulatory layer and Butterbur as 
the anti-inflammatory layer. The tablets were evaluated for pre-and post-compression parameters, including flow properties, hardness, friability, 
disintegration, and dissolution. Fourier Transform Infrared (FTIR) spectroscopy confirmed drug-excipient compatibility. In vitro drug release 
studies were conducted, and ex vivo permeation studies using goat buccal mucosa simulated sublingual absorption. Stability tests followed ICH 
guidelines to ensure physical and chemical consistency under accelerated conditions. 

Results: The bilayer tablets exhibited rapid disintegration (<3 min) and high drug release (>90%) during dissolution studies. FTIR analysis 
confirmed the absence of significant drug-excipient interactions. Ex vivo permeation studies demonstrated efficient drug absorption, supporting 
systemic delivery. Stability tests revealed no significant changes in parameters over 30 days. The best formulations, F8 and F9, showed superior 
dissolution and permeation profiles, with cumulative drug release reaching 94.91% (Butterbur) and 93.3% (Bee’s Pollen). 

Conclusion: Bilayer sublingual tablets combining Butterbur and Bee’s Pollen extracts present a promising therapeutic strategy for COPD. The dual 
action of these herbal extracts offers enhanced anti-inflammatory and immune-modulating effects, potentially improving patient outcomes and 
compliance. Further clinical trials are recommended to validate these findings and explore the long-term therapeutic potential. 
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INTRODUCTION 

COPD is a chronic inflammatory lung disease characterized by 
irreversible airflow limitation due to long-term exposure to harmful 
particles like tobacco smoke, environmental pollutants, and 
occupational chemicals [1, 2]. Affecting 5% to 15% of adults aged 45 
and older globally, COPD is a leading cause of morbidity and mortality, 
significantly burdening healthcare systems. It is marked by reduced 
lung function, leading to diminished quality of life [3]. Key symptoms 
include dyspnoea, chronic cough, and sputum production [4, 5]. The 
inflammatory response, often triggered by pathogenic bacterial 
colonization, plays a central role in disease progression [6]. Patients 
frequently experience exacerbations, hospitalization, and other 
concurrent respiratory conditions like bronchiectasis, asthma, 
pulmonary fibrosis, and lung cancer [7]. The World Health 
Organization (WHO) forecasts that by 2030, Chronic Obstructive 
Pulmonary Disease (COPD) will become the third leading cause of 
death globally, up from its current position as the fourth, and will rank 
as the fifth leading cause of disability, rising from 12th place [8, 9]. 

Traditional COPD management relies on bronchodilators, 
corticosteroids, and other pharmacotherapies, which may lead to 
side effects and limited efficacy, especially with long-term use [10-
12]. These treatments do not alter disease progression or enhance 
the underlying immune response, emphasizing the need for more 
effective therapeutic strategies [13, 14]. 

Given the limitations of conventional treatments, there is a growing 
interest in alternative approaches like immunotherapy to modulate 
immune responses and offer symptomatic relief [15, 16]. Sublingual 
immunotherapy (SLIT) is emerging as a non-invasive option that 
improves patient compliance by delivering active compounds 
directly into systemic circulation without injections [17]. 

Sublingual Immunotherapy (SLIT) is recommended for managing severe 
allergic symptoms that do not respond to conventional antihistamines 

[18, 19]. By administering small allergen doses under the tongue, SLIT 
gradually reduces the production of specific allergic antibodies (IgE) and 
fosters immune tolerance [20-22]. Available as tablets and drops, SLIT is 
FDA-approved for treating allergens such as grass pollen, ragweed, and 
dust mites. It offers a convenient alternative for individuals with busy 
lifestyles or a fear of needles and is a viable option for those unable to 
tolerate allergy injections [23, 24]. 

SLIT is recognized for its safety and effectiveness in alleviating 
symptoms of allergic rhinitis and reducing the need for medication. 
Unlike subcutaneous immunotherapy, SLIT requires higher doses of 
allergens to achieve a clinical effect, emphasizing the need for a well-
established effective dose to minimize side effects [25, 26]. It 
promotes immunological tolerance by engaging Langerhans cells 
and myeloid dendritic cells to activate T and B cells, thereby 
improving immune regulation [27]. 

Butterbur, predominantly found in the Himalayan region, and Bee 
Pollen, harvested from apiaries in Punjab and Himachal Pradesh, hold 
significant therapeutic potential. The active compounds in Butterbur, 
known as petasins, possess anti-inflammatory and bronchodilatory 
properties, which may aid in managing COPD by alleviating airway 
constriction [28]. Similarly, Bee Pollen is abundant in antioxidants and 
bioflavonoids [29], which play a vital role in modulating immune 
responses and reducing oxidative stressboth, critical elements in the 
development of COPD. Together, these natural remedies offer 
synergistic benefits for lung health and could serve as effective 
complementary therapies for respiratory conditions like COPD.  

Herbal extracts such as Butterbur (Petasites hybridus) and Bee's 
Pollen (fig. 1) show significant potential for their anti-inflammatory 
and immunomodulatory properties. Developing a bilayer sublingual 
tablet that combines these herbs may provide synergistic effects, 
offering an effective approach to reducing inflammation and 
regulating immune responses in patients with COPD [30-33]. 
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Fig. 1: The image depicts butterbur and bee’s pollen. A-Butterbur, B-Inflorescence, C-Bee covered with pollen, D-Bee's pollen grains 

 

MATERIALS AND METHODS 

Materials 

Butterbur extract 

Butterbur extract in powder form was purchased from Amazon 
India a product of Shrisha organics Pvt limited. The extract powder 
was standardized for Petasincontent. Alkaloids (Dragendorff’s Test), 
Carbohydrates (Molisch’s Test), Terpenoids (Sulfuric Acid Test), 
Flavonoids (Sodium Hydroxide Test) the results complied with the 
specification in COA issued with the product. 

Bee’s pollen extract 

Bee’s Pollen Extract extract in powder form was purchased from 
Amazon India a product of Heilen BiopharmPvt limited, Ahmedabad. 
The extract powder was tested for Carbohydrates (Fehling’s, 
Seliwanoff’s, Benedict’s), Proteins (Biuret Test), Phenolic 

Compounds (Ferric Chloride Test), Flavonoids (Sodium Hydroxide 
Test) the results complied with the specification in COA (Certificate 
of Analysis) issued with the product. 

All excipients including microcrystalline cellulose, lactose, 
magnesium stearate of industrial grade and the project workspace 
was provided by Sai Mirra Innopharm Pvt limited. 

Bilayer tablet preparation 

The bilayer tablet of venlafaxine was prepared using a Rotary Mini tablet 
press with 6.5 mm round punches. The die was initially filled with the 
weighed amount of Bee's Pollen, pollen extract and was slightly 
compressed. Over this compressed layer, the required quantity of the 
butterbur extract layer was placed and compressed to obtain hardness 
of the tablet 3-4 kg/cm2. It was observed that table compressed at this 
force did not show any layer separation. The total weight of the tablet 
was kept 60000µg (60 mg) for all formulation (table 1) [34]. 

 

Table 1: Formulation of butterbur and bee's pollen 

Ingredients F1 F2 F3 F4 F5 F6 F7 F8 F9 
Layer 1 butterbur (µg) 
Butterbur 5000 5000 5000 5000 5000 5000 5000 5000 5000 
SSG 0 0 3400 0 0 5000 0 0 6700 
CP 0 2500 0 0 3500 0 0 4170 0 
CCS 4000 0 0 5000 0 0 6000 0 0 
Magnesium stearate 3000 3000 3000 3000 3000 3000 3000 3000 3000 
Colloidal silica 2000 2000 2000 2000 2000 2000 2000 2000 2000 
Pearlitol 47500 47000 46100 44500 46000 44500 43500 45300 42800 
Colourant 500 500 500 500 500 500 500 500 500 
Total weight 60000 60000 60000 60000 60000 60000 60000 60000 60000 
Layer 2 bee's pollen (µg) 
Bee's pollen 8000 8000 8000 8000 8000 8000 8000 8000 8000 
SSG 3400 5000 6700 3400 5000 6700 3400 5000 6700 
CP 2500 2500 2500 3400 3400 3400 4170 4170 4170 
Magnesium stearate 3000 3000 3000 3000 3000 3000 3000 3000 3000 
Colloidal silica 2500 2500 2500 2500 2500 2500 2500 2500 2500 
Pearlitol 5000 5000 5000 5000 10000 10000 10000 10000 15000 
Fructose 3500 3500 3500 3500 3500 3500 3500 3500 3500 
Sepitrap 5000 5000 5000 5000 5000 5000 5000 5000 5000 
MCC 27000 25500 23000 26200 24600 22900 25400 23800 22150 
Total weight 60000 60000 60000 60000 60000 60000 60000 60000 60000 

Abbreviations: F: Formulation, SSG: Sodium starch glycolate, CP: Crospovidone, CCS: Croscarmellose Sodium, MCC: Microcrystalline Cellulose, µg: Microgram. 
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Evaluation 

Evaluation of powder blends 

The flow properties of the powder blend (prior to compression) were 
evaluated using bulk density, tapped bulk density, angle of repose, 
compressibility index (Carr's index), and Hausner's ratio. Each test was 
conducted three times for each formulation to ensure accuracy [35]. 

Angle of repose 

For the angle of repose of the material was poured through a funnel 
to form a cone. The tip of the funnel should be held closed to the 
growing cone and slowly raised as the pile grows to minimize the 
impact of falling particles. Stop pouring the material when the pile 
reached a predetermined height or the base a predetermined width. 
Rather than attempt to measure the angle of the resulting cone 
directly, divided the height by half the width of the base of the cone.  

The inverse tangent of this ratio is the angle of repose. It is defined 
as maximum angle possible between surface of the pile of powder 
and the horizontal plane [35]. 

Formula for angle of repose:  

Tan ɵ= Height (h)/Radius (r)  

ɵ= Tan−1h/r 

h = height of pile 

r = radius of pile 

Bulk density 

Bulk density of was determined by taking a 5 g of powder in a 10 ml 
graduated measuring cylinder, which is attached to the bulk density 
apparatus. The bulk density was calculated by following equation [35], 

Bulk density=
Weight of the powder

Bulk volume of the powder
 

Tapped density 

Tapped density was determined by tapping method using measuring 
cylinder containing weighed amount of powder. The cylinder was 

tapped for 100 times from a height of 1 inch at an interval of 2 sec. 
tapped density was calculated by following equation [35]. 

Tapped density=
Weight of the powder

Tapped volume of the powder
 

Carr’s compressibility index 

This is an important property in maintaining uniform weight. It is 
calculated by using following formula [35]. 

Carr's index=
Tapped density-Bulk density

Bulk density
 x 100 

Hausner’s ratio 

A similar index to indicate the flow properties can be defined by 
Hausner’s ratio. Hausner’s ratio can be calculated by using following 
formula (table 2) [35]. 

Hausner's ratio=
Tapped density

Bulk density
 

Post-compression parameters 

Appearance 

The general appearance of the tablet and overall elegance and visual 
identity is very much needed for consumer acceptance. 

Tablet thickness and diameter 

Thickness and diameter of tablet is very important characteristics in 
reproducing appearance. Some filling equipment utilizes the 
counting mechanism to get uniform thickness. Randomly, 10 tablets 
were taken from each formulation and the thickness and diameter 
was determined with a vernier caliper. The size of the tablet should 
be dimensionally described, monitored, and controlled. 

Weight variation 

A group of 20 tablets were taken from each formulation randomly 
and weighed using an electronic balance and the average weight of 
the tablets was determined. The individual tablet weights were 
compared with average weight (table 3). 

 

Table 2: Flow property characteristics [35] 

Flow property Angle of repose (Ɵ) Compressibility index (%) Hausner’s ratio 

Excellent 25-30 ˂10 1.00-1.11 
Good 31-35 11-15 1.12-1.18 
Fair 36-40 16-20 1.19-1.25 
Passable 41-45 21-25 1.26-1.34 
Poor 46-55 26-31 1.35-1.45 
Very poor 56-65 32-37 1.46-1.59 
Very very poor ˃65 ˃38 ˃1.60 

 

Table 3: Uniformity of weight 

Tablet average weight Percentage differential lowed 
≤80 ±10 
Between80and250 ±7.5 
>250 ±5 
 

Hardness of tablets 

Strength of the tablet is defined as tensile strength (N: Newton or 
kg/cm2). The crushing load on tablet is defined as the force necessary to 
fracture a tablet into 2 halves by applying compression. The hardness of 
the prepared tablets was determined by means of the Monsanto 
hardness tester. For each batch, the hardness of 10 randomly selected 
tablets was determined and the average was noted [36]. 

Friability 

It is a measurement of mechanical strength of tablet. The friability is 
determined to evaluate the effects of rubbing and shocks, which may 
frequently cause tablet to damage, cap, or rupture [36]. 

10 tablets were weighed and placed in the Roche Friabilatortest 
apparatus, the tablets were exposed to rolling and repeated shocks, 
resulting from free fall within the apparatus. After 4 min or 100 
evolutions, the tablets were de dusted and weighed again and noted. 
The friability was determined as the percentage loss in weight of the 
tablets. Compressed tablets must not drop more than 1% of their 
weight. The friability (F) is expressed by 

% Friability =
Initial Weight (W1)-Final Weight (W2) 

Initial Weight (W1)
 X 100 

Wetting time 

Wetting time related with contact angle which is significant 
parameter required for sublingual tablets. The tablets with lesser 
wetting time have faster disintegration. This test was performed to 
calculate the wetting time using simple procedure and was done by 
placing the tablet on tissue paper which was placed on a Petri dish of 
6.5 cm in diameter containing 10 ml of water at room temperature. 
The time required for the water to wet the tablet completely by the 
absorbent tissue paper was noted [36]. 
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Water absorption ratio 

A piece of tissue paper folded twice was placed in a small Petri dish 
containing 6 ml of water. A tablet was put on the tissue paper and 
allowed to wet completely. The wet tablet was then weighed. The 
water absorption ratio was calculated by [37]. 

Water absorption ratio (R)=
WA-WB

WB
 X 100 

WB-The weights of tablet before absorption 

WA-The weights of tablet after absorption 

In vitro disintegration 

In the USP disintegration test for sublingual tablets, the 
disintegration apparatus for oral tablets is used without the covering 
plastic disks, and 2 min is specified as the acceptable time limit for 
tablet disintegration fulfilling the official requirements (<3 min) for 
sublingual tablets. Disintegration test was carried out using a 
disintegration apparatus at 37±0.5 °C in distilled water [37]. 

In vitro dissolution studies 

Dissolution study was carried out in USP II paddle-type apparatus 
using 500 ml of phosphate buffer (pH 6.8) as a dissolution medium 
at 50rpm. Temperature of the dissolution Medium was maintained 
at 37±0.5 °C. Samples of 5 ml were withdrawn at 1, 5, 15, 30 and 45 
min Interval, filtered and replaced with 5 ml of fresh dissolution 
medium. The Samples were suitably diluted and estimated 
spectrophotometrically at two different nm for terpenoids and 
glucose by using Shimadzu-1700 UV-visible spectrophotometer. The 
dissolution experiments were conducted in triplicate. Dissolution 
rate was studied for all designed formulations and dissolution 
parameters were calculated (table 4) [38]. 
 

Table 4: Dissolution specification 

Parameter Specifications 
Apparatus USP II Paddle 
Dissolution medium 500 ml phosphate buffer pH6.8 
Rotation speed 50 rpm 
Temperature 37±0.5 °C 
Withdrawn sample 5 ml 
Absorbance measured 243 nm, 540 nm 

Abbreviations: USP II Paddle: United States Pharmacopeia Type II 
Paddle Apparatus, ml: milliliters, rpm: revolutions per minute, °C: 
Celsius, nm: nanometres 
 

In vitro permeation studies 

In vitro permeation studies were carried out with Franz Diffusion Cell 
Apparatus. The medium used for these studies was phosphate buffer 
(pH6.8) maintained at 37±0.5 °C. Cellulose dialysis membrane was 
used as a permeation barrier. Samples were collected at 
predetermined time intervals (1, 5, 15, 30, 45 and 60 min). Samples 
were analyzed for both drugs that pass the membrane are determined 
by UV spectrophotometer set at 243 and 540 nm. The permeation 
studies were performed for the best two batches in drug release [39]. 

Ex-vivo permeation study of sublingual tablets 

The buccal mucosa is very similar to the sublingual mucosa, so in 
this study, goat buccal mucosa was used to determine the 

permeation of drug through the mucosa using a Franz diffusion cell 
at 37±0.5 °C. Fresh goat buccal mucosa was mounted between the 
donor and receptor compartments. The sublingual tablet was placed 
with the core facing the mucosa, and the compartments were 
clamped together. The donor compartment was filled with 5 ml of 
phosphate buffer (pH 6.8). The receptor compartment (20 ml 
capacity) was filled with phosphate buffer (pH 6.8) and the 
hydrodynamics in the compartment was maintained by stirring with 
a magnetic bead at the uniform slow speed of 100 rpm one-milliliter 
samples were withdrawn at pre-determined time intervals and 
analyzed for drug content using an ultraviolet (UV) 
spectrophotometer at 243 and 540 nm [38]. 

Stability studies 

The purpose of stability testing is to provide evidence on how the 
quality of a drug substance or drug product varies with time under 
the influence of a variety of environmental factors, such as 
temperature, humidity, and light, enabling recommended storage 
conditions. To avoid this undesirable delay, the principles of 
accelerated stability studies are adopted. ICH specifies the length of 
study and storage conditions. 

Long-Term Testing: 25 °C±2 °C/60% RH±5% for 12 Mo 

Accelerated Testing: 40 °C±2 °C/75% RH±5% for 6 Mo 

Selected formulation was tested for stability studies by placing the 
tablets in the humidity chamber at 40±2 °C/75±5% RH up to 1 mo. 
The tablets were analyzed at a time interval for hardness and in vitro 
disintegration time, dissolution percentage [40]. 

RESULTS AND DISCUSSION 

Organoleptic characteristics 

Butterbur is characterized by its light-yellow powder form and 
distinctive odour, whereas Bee's Pollen presents as bright yellow 
spherical granules. These physical attributes help differentiate the 
two substances and are essential for their identification in 
pharmaceutical preparations. 

Solubility profile 

The solubility characteristics of Butterbur and Bee's Pollen were 
analysed to assess their compatibility with solvents. Butterbur 
exhibited slight solubility in ethanol and was sparingly soluble in 
water, indicating limited dissolution in polar solvents. Bee's Pollen 
showed slight solubility in ethanol but was poorly soluble in water, 
which suggests challenges in formulating aqueous solutions. 

Preparation of standard calibration curves 

The calibration curve for Butterbur was established using a UV 
spectrophotometer at a wavelength of 243 nm (table 5). The 
absorbance data for Butterbur in distilled water followed a linear 
relationship, yielding an equation of the form Y = mx+c, where Y 
represents absorbance, m is the slope, and x denotes concentration. 
Butterbur showed linearity with an R² value of 0.993 over a 
concentration range of 1-10 μg/ml, adhering to Beer-Lambert Law. 

Similarly, a calibration curve for Bee's Pollen was generated using 
UV analysis at 540 nm (table 5). The absorbance data also exhibited 
linearity, with an R² value of 0.994 in the concentration range of 1-5 
μg/ml, confirming adherence to Beer-Lambert Law. The equation 
derived was also of the form Y = mx+c, indicating a strong 
correlation between concentration and absorbance (fig. 2). 

 

Table 5: Calibration curve of butterbur and bee's pollen 

Concentration (µg/ml) Absorbance (Butterbur at 243 nm) Concentration (µg/ml) Absorbance (Bee's pollen at 540 nm) 
0 0 0 0 
1 0.105 1 0.024 
2 0.154 2 0.039 
3 0.222 4 0.07 
4 0.263 6 0.095 
5 0.341 8 0.121 
6 0.406 10 0.15 
7 0.47  

 8 0.534 

Abbreviations: µg/ml: Microgram per millilitre, nm: Nanometer 
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Fig. 2: Standard curve of butterbur and bee's pollen. Abbreviations: µg/ml: Microgram per millilitre, ABS: Absorbance, R2: Correlation 
coefficient 

 

Fourier transform infrared (FTIR) spectroscopy studies 

FTIR analysis was conducted on pure drugs and their physical mixtures 
to evaluate potential interactions between the active ingredients and 
excipients (table 6). The FTIR spectrum of Butterbur displayed distinct 
peaks associated with petasin, its main phytoconstituent, while Bee’s 

Pollen exhibited characteristic peaks at specific wavelengths (fig. 3). No 
significant shifts were observed in the spectra of the pure drugs or their 
physical mixtures, indicating the absence of chemical interactions 
between the drugs, disintegrants, and diluents used in the formulation. 
Furthermore, no interactions were detected between the two drugs 
when combined in a bilayer tablet format [36, 38]. 

 

 

Fig. 3: FTIR studies of butterbur, bee's pollen, physical mixture layer 1, Physical Mixture Layer 2, and the tablet. Abbreviations: FTIR: 
Fourier Transform Infrared spectroscopy, Abbreviations: FTIR: Fourier transform infrared spectroscopy 
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Table 6: FTIR characterization of butterbur, bee's pollen, physical mixture layer 1, physical mixture layer 2, and the tablet  

S. No. FTIR characteristic Wave number in cm-1 
Butterbur 
1 C-H Stretching 2800-3000 
2 O-H Stretching 3200-3600 
3 C=O Stretching 1700-1750 
4 C=C aromatic 1600-1450 
Bee's Pollen 
1 (C-H stretching) 2850-3000 
2 Aromatic (C=C) 1625-1680 
3 C-O stretching 1050-1150 
4 O-H 3200-3600 
Physical Mixture Layer 1 
1 (C=C stretching) 1600-1650 
2 Aromatic (C=C) 1625-1680 
3 C-O stretching 1050-1150 
4 O-H 3200-3600 
Physical Mixture Layer 2 
1 (C=C stretching) 1600-1650 
2 Aromatic (C-O-C) 2300-2000 
3 C-O stretching 1050-1150 
4 O-H 3200-3600 
5 C=O 1500-1600 
The Tablet 
1 C-H stretching  2800 to 3000  
2 O-H stretching  3200 to 3800  
3 C=O stretching  1700 to 1850  
4 C-H bending  1330 to 1660  
5 O-H bending  1000 to 1250  
 

Table 7: Test for identification 

Identification Observed 
Bee’s pollen 
Carbohydrate + 
Fructose + 
Glucose + 
Proteins + 
Phenolic Compounds + 
Butterbur 
Carbohydrates - 
Alkaloids - 
Terpenoids + 
Flavonoids + 

+indicates presence and – indicates absence 

 

Preliminary phytochemical analysis 

Preliminary chemical testing was carried out on the extract powders 
of Butterbur and Bee's Pollen to identify their phytochemical 

constituents (table 7). These analyses are crucial in verifying the 
presence of active components and understanding their potential 
therapeutic effects. 

Precompression parameters 

For Butterbur extract, the bulk density ranged from 0.571 g/ml to 
0.724 g/ml, while the tapped density varied between 0.684 g/ml and 
0.941 g/ml. The compressibility index ranged from 2.6% to 17.7%, 
suggesting good compressibility, with a Hausner’s ratio between 
1.05 and 1.30 and an angle of repose ranging from 24.3° to 32.1° 
(table 8). These findings demonstrate excellent flow and 
compressibility properties, making the extract suitable for tablet 
formulation. 

Bee's Pollen showed bulk densities ranging from 0.597±0.015 g/ml 
to 0.641±0.015 g/ml, with tapped densities between 0.810±0.008 
g/ml and 0.917±0.010 g/ml. The compressibility index ranged from 
2.8% to 4.5%, the Hausner’s ratio was between 1.28 and 1.45, and 
the angle of repose varied from 23.9° to 32.3° (table 8). These values 
suggest favourable flow properties, indicating that Bee's Pollen is 
suitable for compression. 

 

 

Fig. 4: Disintegration time for bee's pollen and butterbur. Abbreviations: sec: seconds 
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Table 8: Pre-formulation studies of butterbur and bee's pollen layer 

Formulation code Bulk density 
(g/ml)* 

Tapped density 
(g/ml)* 

Compressibility index 
(%)* 

Hausner’s ratio* Angle of repose (θ)* 

Butterbur 
F1 0.694±0.010 0.757±0.008 9.0±1.25 1.09±0.68 31.5±1.28 
F2 0.602±0.015 0.704±0.006 16.2±1.07 1.16±0.055 30.8±2.36 
F3 0.657±0.010 0.694±0.010 5.6±0.12 1.05±0.047 27.3±1.54 
F4 0.649±0.012 0.724±0.008 11.5±1.25 1.11±0.085 30.4±2.61 
F5 0.581±0.015 0.684±0.012 17.7±0.95 1.17±0.064 32.1±1.78 
F6 0.724±0.014 0.941±0.010 2.9±1.30 1.29±0.052 25.2±1.63 
F7 0.571±0.010 0.724±0.008 2.6±1.25 1.26±0.055 25.7±2.35 
F8 0.675±0.010 0.862±0.007 2.7±1.15 1.22±0.070 24.9±2.15 
F9 0.704±0.011 0.920±0.010 3.06±1.20 1.30±0.054 24.3±1.40 
Bee's Pollen 
F1 0.623±0.015 0.906±0.010 4.5±1.25 1.45±0.68 32.3±1.30 
F2 0.615±0.010 0.887±0.008 4.4±1.07 1.43±0.055 30.6±1.35 
F3 0.619±0.010 0.901±0.005 4.5±0.12 1.45±0.047 26.1±1.15 
F4 0.628±0.010 0.810±0.008 2.8±1.25 1.28±0.085 31.4±2.20 
F5 0.597±0.015 0.868±0.012 4.5±0.95 1.45±0.064 28.7±2.35 
F6 0.626±0.012 0.894±0.011 4.2±1.30 1.42±0.052 25.3±1.45 
F7 0.641±0.015 0.917±0.010 4.3±1.25 1.43±0.055 29.5±2.30 
F8 0.612±0.014 0.883±0.006 4.4±1.15 1.44±0.070 23.9±2.15 
F9 0.604±0.010 0.867±0.014 4.3±1.20 1.43±0.054 24.7±1.25 

Where, *All values are mean±SD, n=3, P<0.01. Abbreviations: g/ml: g per millilitre, F: Formulation 

 

Post compression parameters 

Bilayer tablets were prepared and evaluated for various parameters. 
Tablet thickness ranged from 3.7±0.05 mm to 3.9±0.11 mm, 
demonstrating uniformity across batches. Weight variation tests 
confirmed that all formulations were within pharmacopoeial limits. 
Tablet hardness was consistent, ranging from 2.9±0.05 to 3.8±0.20 
kg/cm², which ensures good handling and durability. The friability 
of all formulations was below 1%, confirming mechanical stability. 

Wetting time was recorded between 56.3 to 69.1 seconds, with 
formulation F9 exhibiting the fastest wetting time due to the 
addition of super disintegrants like sodium starch glycolate and 
crospovidone (table 9). These agents enhance saliva absorption and 
expand upon contact with moisture, leading to quick disintegration 
(fig. 4). 

Water absorption and assay analysis 

The water absorption ratio varied between 43.2±0.44 to 54.3±0.12, 
indicating the influence of super disintegrants and diluents in 

facilitating water uptake. Assay results for Butterbur were between 
51.98±0.054% to 84.35±0.056% w/w, while Bee’s Pollen showed a 
range of 68.57% to 89.16%, all within acceptable limits as per 
pharmacopoeial standards. 

Disintegration and in vitro dissolution studies 

The disintegration times of all tablet batches complied with the 
sublingual tablet requirement of less than 200 seconds (table 9). In 
vitro dissolution studies were conducted, although specific data was 
represented in table 10, demonstrating efficient drug release 
profiles (fig. 5). 

Stability studies 

Stability tests for the selected formulation F9 were performed at 40 
°C±2 °C and 75% RH±5% over 30 days, following ICH guidelines. 
Samples were periodically assessed for hardness, disintegration 
time, and dissolution. No significant changes were observed, 
indicating the formulation's stability under accelerated conditions. 
The results were shown in table 11. 

 

Table 9: Evaluation of bilayer tablets 

Formula
tion 
code 

Evaluation of bilayer tablets Estimation of bilayer 
tablets 

Disintegration time 

Thickness 
(mm±SD)* 

Diameter 
(mm± 
SD)* 

Weight 
Variation 
(µg±SD)* 

Hardness 
(kg/cm²)±
SD* 

Friability 
*(%) 

Wetting 
Time* 
(sec) 

Water 
Absorption 
Ratio (%)* 

Butterbur 
(% w/w)* 

Bee's 
Pollen (% 
w/w) 

Butterbur 
(sec)* 

Bee's 
Pollen 
(sec)* 

F1 3.9±0.05 6.5±0.02 120,950±1,500 3.5±0.15 0.4±0.02 69.1±0.27 43.2±0.44 60.51±0.23 68.57±0.43 186±0.01 77±0.04 

F2 3.9±0.05 6.4±0.04 120,650±1,980 3.2±0.05 0.51±0.03 66.7±0.44 44.3±0.54 59.65±0.42 73.75±0.52 179±0.20 79±0.03 

F3 3.9±0.11 6.5±0.04 120,600±1,780 3.4±0.05 0.42±0.01 59.6±0.55 51.5±0.22 51.98±0.54 78.75±0.26 175±0.50 74±0.01 

F4 3.8±0.05 6.5±0.05 121,150±1,590 3.6±0.23 0.6±0.02 67.6±0.44 47.4±0.26 62.21±0.41 77.53±0.23 181±0.40 73±0.05 

F5 3.7±0.05 6.6±0.03 120,650±1,690 3.2±0.15 0.5±0.01 64.8±0.37 50.2±0.43 71.30±0.38 79.37±0.42 167±0.01 71±0.04 

F6 3.8±0.05 6.5±0.02 120,850±2,150 3.8±0.20 0.39±0.01 60.4±0.56 52.4±0.75 62.78±0.55 75.93±0.71 159±0.02 65±0.03 

F7 3.7±0.11 6.5±0.01 120,950±1,980 3.5±0.11 0.5±0.04 62.3±0.41 49.6±0.59 63.92±0.43 78.21±0.56 168±0.03 72±0.02 

F8 3.8±0.05 6.5±0.02 120,800±2,060 2.9±0.05 0.65±0.02 57.8±0.26 53.1±0.32 78.69±0.24 82.50±0.38 159±0.04 65±0.03 

F9 3.8±0.17 6.5±0.01 120,600±1,780 3.1±0.23 0.41±0.02 56.3±0.57 54.3±0.12 84.37±0.56 89.16±0.16 154±0.01 58±0.02 

Where, *All values are mean±SD, n=3, P<0.01. Abbreviations: g/ml: g per millilitre, F: Formulation, mm: Millimetre, SD: Standard Deviation,µg: 
Microgram, w/w: weight by weight, sec: Seconds 

 

In vitro permeation studies 

The In vitro permeation study assessed the drug release across a 
mucosal membrane, focusing on formulations F8 and F9 due to 

their superior dissolution profiles (table 12). These studies 
demonstrated a gradual diffusion of the drug when exposed to a 
buffer solution, highlighting their potential for sublingual 
administration. 
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Table 10: % Drug release for butterbur and bee's pollen 

Formulation % Drug release with time  
1 min 5 min 15 min 30 min 45 min 60 min 

Butterbur 
F1* 22.03±0.17 44.06± 0.15 57.62± 0.14 64.4± 0.16 72.88± 0.10 71.85± 0.17 
F2* 27.11± 0.13 42.37± 0.17 55.93± 0.13 64.4± 0.14 79.66± 0.12 78.26± 0.14 
F3* 28.81± 0.14 49.15± 0.12 50.84± 0.15 76.27± 0.13 89.83± 0.11 87.82± 0.15 
F4* 25.42± 0.16 37.28± 0.14 50.84± 0.16 62.71± 0.18 77.96± 0.17 75.34± 0.12 
F5* 28.81± 0.12 42.37± 0.15 66.1± 0.11 77.96± 0.12 86.44± 0.14 85.24± 0.10 
F6* 32.2± 0.19 45.76± 0.11 59.32± 0.12 79.66± 0.17 91.52± 0.16 90.22± 0.16 
F7* 25.42± 0.11 35.59± 0.12 54.23± 0.14 69.49± 0.12 83.05± 0.11 81.03± 0.11 
F8* 27.11± 0.09 45.76± 0.06 66.1± 0.08 76.27± 0.07 89.83± 0.06 88.51± 0.08 
F9* 33.89± 0.07 62.71± 0.04 71.18± 0.06 83.05± 0.09 94.91± 0.08 92.54± 0.07 
Bee's pollen 
F1* 30.8± 0.08 42.41± 0.11 54.46± 0.13 61.6± 0.07 69.64± 0.11 67.62± 0.10 
F2* 33.03± 0.13 44.19± 0.12 59.82± 0.15 66.51± 0.09 72.32± 0.15 71.36± 0.16 
F3* 36.16± 0.12 45.53± 0.16 60.26± 0.08 73.21± 0.11 83.48± 0.17 82.43± 0.13 
F4* 32.58± 0.15 41.96± 0.09 56.69± 0.12 67.41± 0.13 78.57± 0.14 77.03± 0.12 
F5* 31.69± 0.17 41.07± 0.13 52.67± 0.15 64.73± 0.16 75.44± 0.12 74.81± 0.14 
F6* 41.51± 0.12 53.13± 0.10 66.07± 0.12 80.8± 0.14 91.51± 0.10 90.66± 0.11 
F7* 38.83± 0.08 48.66± 0.10 63.39± 0.07 74.1± 0.09 86.61± 0.08 84.87± 0.09 
F8* 41.07± 0.06 54.01± 0.01 68.75± 0.04 83.03± 0.06 89.73± 0.05 88.43± 0.04 
F9* 48.21± 0.04 61.16± 0.05 72.76± 0.02 85.26± 0.01 93.3± 0.03 92.4± 0.02 

Where,*All values are mean±RSD, n=6, P<0.01. Abbreviations: F: Formulation. 

 

 

Fig. 5: Cumulative drug release (%) Butterbur and bee’s pollen. Abbreviations: F: Formulation, CDR: Cumulative drug release 
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Table 11: Stability results of the selected formulation 

Parameters 40 °C±2 °C and 75% RH±5% 
Initial 15 d 30 d 

Hardness (kg/cm3)* 3.1± 0.23 3.2± 0.21 3± 0.23 
Disintegration time(sec)* L1 58.3± 0.11 57.4± 0.09 56.8± 0.13 

L2 154± 0.01 153.2± 0.04 152.6± 0.02 
Dissolution (%)* L1 92.4± 0.14 92.38± 0.10 92.03± 0.15 

L2 92.54± 0.12 92.33± 0.14 91.86± 0.11 

Where, *All values are mean±SD, n=3, P<0.01, Abbreviations: L1:Bee's Pollen Layer; L2: Butterbur Layer, kg/cm3: kilograms per cubic centimeter, 
Sec: Seconds 

 

Table 12: In vitro permeation studies for F8 and F9 

Time in minutes Butterbur (µg)* Bee's pollen (µg)* 

In vitro permeation studies F8 
0 0 0 
1 25,760±20 32,140±40 
5 36,610±50 44,640±100 
15 42,710±30 55,350±80 
30 48,130±10 64,280±30 
45 56,270±70 73,210±60 
In vitro permeation studies F9 
0 0 0 
1 27,790±20 37,500±40 
5 39,320±30 51,780±20 
15 45,420±10 58,920±50 
30 50,840±20 71,420±30 
45 62,370±10 82,140±20 

Where, *All values are mean±SD, n=3, P<0.01., Abbreviations: µg: micrograms 

 

Ex vivo permeation studies 

The Ex vivo permeation analysis, represented through the table 13, 
further confirmed the drug’s effective permeation potential. 

Bilayer tablets of butterbur-bee’s pollen for sublingual 
immunotherapy 

The bilayer tablets of butterbur and bee’s pollen are shown in fig. 6.

 

Table 13: Drug diffusion via buccal membrane 

Time (min) Butterbur %* Bee's pollen %* 
0 0 0 
1 30.5± 0.03 39.28± 0.04 
5 42.71± 0.01 51.78± 0.05 
15 51.52± 0.07 66.07± 0.11 
30 61.69± 0.01 73.21± 0.03 
45 71.86± 0.05 87.5± 0.08 

Where, *All values are mean±SD, n=3, P<0.01 

 

 

Fig. 6: Bilayer tablets of butterbur-bee’s pollen 

 

DISCUSSION 

Sublingual drug delivery offers a rapid and direct method for 
introducing drugs into the systemic circulation. Within the oral 

cavity, the sublingual region is the most permeable, enabling 
efficient drug absorption. Sublingual immunotherapy (SLIT) 
involves exposing the body to small amounts of allergens to build 
tolerance over time. FDA-approved SLIT tablets are placed under the 
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tongue for 1-2 min until they dissolve before swallowing. This 
treatment is typically administered daily or several times a week, 
often requiring consistent use for up to three years to maintain its 
effectiveness. Over time, it helps reduce allergy symptoms, 
particularly for allergens like pollen. 

This study aims to develop sublingual tablets incorporating Bee’s 
Pollen and butterbur, formulated using the direct compression 
method for COPD management. To promote rapid tablet 
disintegration, super disintegrants such as sodium starch glycolate, 
croscarmellose sodium, and crospovidone were utilized. Research by 
Desai PM et al. explored the impact of these disintegrants on RDTs 
within a QbD framework. Their findings indicated that sodium 
starch glycolate delayed disintegration in highly water-soluble 
drugs, while croscarmellose sodium and crospovidone accelerated 
the process. Interestingly, combinations like sodium starch 
glycolate-crospovidone and croscarmellose sodium-crospovidone 
exhibited synergistic effects, particularly under high compression 
pressures, significantly improving tablet performance [41]. 

Pre-formulation studies analyzed the phytochemical constituents, 
and a standard calibration curve was established using a UV 
spectrophotometer. Precompression parameters were assessed, 
showing that both layers of the tablet triturates exhibited excellent 
flow properties and compressibility. 

Post-compression tests, including hardness and friability 
assessments, confirmed that the tablets had strong mechanical 
integrity. The wetting time test highlighted the hydrophilic nature of 
the excipients, essential for rapid disintegration under the tongue. A 
water absorption test was conducted to evaluate the impact of 
humidity on tablet stability, given its influence on super disintegrant 
performance. All results were within acceptable limits. Nony E et al. 
evaluated a sublingual tablet containing recombinant Bet v 1 in a 
placebo-controlled trial involving 483 patients with birch pollen 
allergies. The tablets were well tolerated and demonstrated 
significant efficacy, reducing symptom scores by 17.0-17.7% 
compared to placebo after 5 mo of daily administration, with no 
dose-dependent effects observed across the 12.5-50 μg range [42]. 

In vitro dissolution studies revealed satisfactory drug release profiles 
for both layers, suggesting good bioavailability and therapeutic 
efficacy. Ryakala H et al. formulated a bilayer tablet comprising 
Nebivolol (NBL8) and Nateglinide (N9), incorporating super 
disintegrants in the immediate-release (IR) layer and polymers in the 
sustained-release (SR) layer. In vitro analyses demonstrated enhanced 
drug release with the addition of surfactants. Kinetic studies indicated 
strong linearity, with regression coefficients of 0.9714 for NBL8 
(Higuchi model) and 0.9931 for N9 (zero-order model) [43, 44]. 

Based on comprehensive results, batches F8 and F9 were identified 
as the best formulations. Permeation studies for F8 and F9 
confirmed a strong release profile, with significant drug diffusion 
through the mucosal membrane into the bloodstream. Stability 
testing for batch F9, conducted per ICH guidelines, demonstrated 
that the tablets remained stable under accelerated temperature and 
humidity conditions, confirming an adequate shelf life. 

CONCLUSION 

In recent years, herbal drugs have gained recognition comparable to 
allopathic medicines due to their adaptability and convenient 
administration through advanced drug delivery systems despite their 
slower onset of action. This study focuses on developing sublingual 
immunotherapy (SLIT) for COPD, aiming to enhance immunity by 
delivering allergens sublingually. SLIT provides bioavailability similar 
to intravenous methods, making it particularly beneficial for COPD 
patients, especially those with pollen-induced symptoms. The research 
investigates the potential of sublingual administration of herbal drugs 
for long-term COPD management. Future studies involving petasin, the 
active component, could deliver promising outcomes, presenting an 
innovative strategy for COPD treatment. 
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