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Abstract 

This study aims to develop an effective and compliant therapy targeting the lungs through the strategic 

utilization of amino acids, which play a crucial role in modulating mood and behavior during activities 

like smoking. L-Tryptophan and L-Tyrosine were finely micronized within the 2–4 µm range, with 

lactose serving as a carrier, to create a dry powder inhalation formulation. The combination of these 

amino acids is anticipated to elicit a synergistic effect aimed at mitigating withdrawal symptoms 

associated with smoking cessation treatment. In vivo study findings revealed a rapid onset of action, 

heightened local drug concentration, and prolonged retention of the drug at the administration site. 

Consequently, this study’s conclusion emphasizes that the dry powder inhalation formulation 

represents an efficacious means of delivering drugs to the lungs compared to alternative administration 

routes, thereby promoting patient compliance and adherence to therapy. Through this approach, the 

therapy seeks to provide an optimized means of addressing the challenges associated with smoking 

cessation and enhancing patient outcomes therapy. The synergy between these amino acids aims to 

alleviate withdrawal symptoms in smoking cessation. In vivo studies demonstrated swift action, 

concentrated drug delivery, and prolonged drug presence at the site of administration. Consequently, 

this study concludes that the dry powder inhalation method offers an effective means of lung drug 

delivery compared to other routes, enhancing patient compliance and treatment adherence. This 

innovative therapy approach endeavors to address the complexities of smoking cessation and improve 

patient outcomes. 
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INTRODUCTION 

 The lungs are divided into two sections: the right 

lung, which has three lobes, and the left lung, which 
has two. Air travels through the respiratory system, 

starting from the larynx and passing through the 

trachea and bronchi before reaching the tiny air sacs 
called alveoli. Delivering drugs through the lungs 

has become increasingly popular because it allows 
for quick absorption, thanks to the thin epithelial 

lining, a rich blood supply, and a large surface area. 
This method is also non-invasive and reduces the 

risk of drug breakdown since the lungs have low 
enzymatic activity. However, despite its benefits for 

both local and systemic treatments, developing 
medications for inhalation remains challenging due 

to the lungs’ limited ability to handle foreign 
substances. [2]. 
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While the pulmonary route offers significant advantages, there are drawbacks reported in some 

studies, such as local irritation in the tracheal tube and swift clearance of drugs from the deposition site. 
Clearance of inhaled powders primarily occurs through mucociliary clearance, involving phagocytosis 
by alveolar macrophages and local dendritic cells in the tract’s epithelial lining [3]. Various strategies 
have been employed to overcome these challenges and enhance drug bioavailability, including 
optimizing particle morphology (size and shape) for effective inhalation, coating respirable particles 
with lung-compatible materials to maximize deposition and evade macrophage recognition. Although 
particles ranging from 1 to 5 µm are considered ideal for deposition in the alveolar region, it has been 
noted that round particles or those sized between 1.5 and 3 µm are more susceptible to phagocytosis 
[4]. 

 
The physicochemical characteristics of dry powders, including size, shape, surface morphology, 

charge, hygroscopicity, and moisture content, directly influence aerosolization, discharge from delivery 
devices, and the bioavailability of aerosolized drugs. Dry powders intended for inhalation are typically 
very fine and prone to agglomeration due to the cohesive forces between individual particles, making 
aerosolization challenging [5]. For dry powders to effectively reach the deep lungs, they should have a 
mass median diameter between 1 and 5 µm and a bulk density below 0.4 g/cm³ to ensure proper aerosol 
formation. One of the main ways to enhance their physicochemical properties for better inhalation is 
through mechanical milling. While this technique is straightforward and cost effective, it poses 
challenges such as inconsistent particle morphology, thermodynamically activated surfaces, and high 
electrostatic charges resulting from the intense shear forces during production [6]. Alternative 
techniques with promising outcomes include spray drying, spray-freeze drying, and supercritical fluid-
carbon dioxide drying. Tryptophan, the least abundant of the 22 amino acids, is essential for humans 
and must be obtained from food sources. Tryptophan is a common component of proteins and plays a 
key role in producing serotonin, a neurotransmitter that helps regulate mood, sleep, appetite, and pain. 
It also has natural sedative properties and is found in foods like dairy, meat, fish, brown rice, and 
soybeans. This study focuses on developing an effective and easy-to-use dosage form to help manage 
withdrawal symptoms after quitting smoking. [7]. 
 
METHODOLOGY 

Materials 

Bulk density refers to the compactness of a substance or material, typically measured as the mass per 

unit volume. It indicates how much mass is packed into a given space, reflecting the material's density 

when loosely or tightly packed. This property is crucial in various fields, including agriculture, geology, 

and construction, influencing factors like soil fertility, rock strength, and material handling efficiency. 

Understanding bulk density helps in assessing the suitability of materials for specific applications, 

optimizing storage and transportation, and predicting behavior under different conditions, making it a 

fundamental parameter in many scientific and engineering disciplines. 

 

METHODS 

Pre-formulation Studies 

Construction of Standard Curve of L-Tryptophan 

Standard stock solution of L-Tryptophan was prepared by dissolving 100 mg of L-Tryptophan in 100 
ml of phosphate buffer and 7.4 pH as solvent. A total of 10 ml of this stock solution was taken and diluted 
up to 100 ml by using the same solvent to produce a concentration of 100 mcg/ml solution [8]. Further 
dilutions were made from stock and the volume was made up to 10 ml using the same solvent to produce 
10, 20, 30, 40, and 50 mcg/ml up to 100 mcg/ml solution, respectively. Then the calibration curve was 
constructed by measuring absorbance at 220 nm using UV visible spectrometer (Table 1) [9]. 
Table 1. List of chemicals used. 

S.N. Chemicals Make 

1 L-Tryptophan Nice Chemicals Pvt Ltd 

2 L-Tyrosine Nice Chemicals Pvt Ltd 
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3 Lactose anhydrous (sterile) HiMedia Laboratories Pvt Ltd 

4 HPLC water HiMedia Laboratories Pvt Ltd 

5 Disodium hydrogen phosphate HiMedia Laboratories Pvt Ltd 

 

Construction of Standard Curve of L-Tyrosine 
Standard stock solution of L-Tyrosine was prepared by dissolving 100 mg of L-Tyrosine in 100 ml 

of phosphate buffer having 7.4 pH as solvent. 10 ml of this stock solution was taken and diluted up to 
100 ml by using same solvent to produce a concentration of 100 mcg/ml solution [10]. Additional 
dilutions were prepared, and the volume was adjusted to 10 ml using the same solvent to obtain 
concentrations of 10, 20, 30, 40, and 50 mcg/ml, up to 100 mcg/ml.  Then the calibration curve was 
constructed by measuring absorbance at 283 nm using UV visible spectrometer [11]. 
 
Compatibility Studies 

Physical mixture of drug and carrier were filled in prewashed, dried plastic container, and sealed. At 
the end of 28 days plastic container was removed from stability chamber and subjected to drug-excipient 
compatibility studies by FTIR analysis and DSC [12]. 
 
Fourier-Transform Infrared (FT-IR) Spectroscopic Analysis 

Pure amino acids such as L-Tryptophan, L-Tyrosine, anhydrous lactose and physical mixture of 
amino acids with carrier in the ratio of 1:1:1 were subjected to IR spectral studies using FTIR 
spectrophotometer. A physical mixture of amino acids and a carrier was combined with the required 
amount of potassium bromide. A 100 mg sample of this mixture was then compressed into a transparent 
pellet using a hydraulic press at 15 tons of pressure. The pellet was scanned in the FTIR-8400 
(Shimadzu, Japan) over a range of 4000 to 400 cm⁻¹. Separate spectra for the drug and carrier were also 
recorded. [14]. 
 
Differential Scanning Colorimetric (DSC) Analysis 

Differential scanning calorimetry (DSC) is a thermal analysis technique that measures the difference 
in heat required to raise the temperature of a sample compared to a reference. It helps assess the purity 
and stability of a substance. In this study, DSC was used to evaluate the compatibility of lactose with 
the drug in the formulation. Weighed samples (5–10 mg, measured with a Mettler M3 Microbalance) 
of either individual components or drug-excipient mixtures (sieved to 75–150 mm) were placed in 
aluminum pans with perforated lids. The samples were heated at a rate of 10 K/min within a temperature 
range of 30–200°C under static air, using a Mettler TA4000 apparatus equipped with a DSC 25 cell. 
[16]. 
 
Determination of Solubility of Drugs 

 The shake flask method was used to determine the saturation solubility of L-Tryptophan and L-

Tyrosine in water and at pH levels of 4.0, 6.8, and 7.4. 
 

The shake flask method was used to determine the saturation solubility of L-Tryptophan and L-
Tyrosine in water and at pH levels of 4.0, 6.8, and 7.4.  Although this method is simple and cost-

effective, it presents challenges including inconsistent particle morphology, thermodynamically 
activated surfaces, and elevated electrostatic charges due to the intense shear forces during production. 

Alternative techniques showing promise include spray drying, spray-freeze drying, and supercritical 

fluid-carbon dioxide drying [17]. 
 

Tryptophan, the scarcest of the 22 amino acids essential for humans and obtained exclusively from 
dietary sources, is prevalent in most proteins and acts as a precursor to serotonin. Serotonin, a 

neurotransmitter vital for regulating key bodily functions such as appetite, sleep, mood, and pain, is 
synthesized from Tryptophan. Additionally, Tryptophan exhibits natural sedative properties and is 

commonly found in dairy products, meats, brown rice, fish, and soybeans measured on UV 
spectrophotometer at 220 and 283 nm, respectively for L-Tryptophan and L-Tyrosine. Saturation 
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solubility was then calculated by plotting measured absorbance value in calibration curve [18]. 

 
Determination of pH and Partition Coefficient 

Drug solutions were prepared, and pH was determined by using digital pH meter. 
 

The balance between lipophilicity and hydrophilicity plays a crucial role in drug absorption and 
delivery. The oil-water partition coefficient helps assess a drug’s ability to pass through lipid 

membranes. In this study, the partition coefficient was determined using n-octanol as the oil phase and 
water as the aqueous phase in a 1:1 ratio. Equal amounts of both phases were mixed in a separating 

funnel, and a measured quantity of the drug was added. The mixture was left to equilibrate for two hours 
at room temperature. After separation, the drug content in each phase was analyzed. The partition 

coefficient was measured by using the formula 

 
Log p = Concentration of drug in oil phase. 

 
Concentration of drug in aqueous phase 

 

OPTIMIZATION AND FORMULATION DEVELOPMENT 

Micronization of Amino Acids by Nano Spray Drying Technique 

20% concentration of amino acid solution was prepared individually and spray-dried using Nano 

spray dryer maintaining inlet temperature 100°C, measured outlet temperature 48°C, solution feed rate 
40 ml/min, aspirator rate 100% and atomizing airflow 700 l/h. The optimization of the process is done 

by the following parameters in the instrument [21] as shown in Table 2. 
 

Table 2. Optimization parameters of the DPI formulation. 

S.N. Parameters Values 

1 Volume 1% 

2 Nozzle 4 µm 

3 Pump 3 

4 Gas flow 119–136 l/min 

5 Inlet temperature 120ºC 

6 Outlet temperature 48–51ºC 

7 Spray 100% 

8 Head temperature 127ºC 

9 Pressure 37–43 mbar 

10 Aspirator 37.95 

 

Particle Size Reduction of Lactose by Milling 

Anhydrous lactose was introduced into the ball mill from the left via a 60° cone, while the resulting 

product was discharged from a 30° cone on the right. During rotation of the shell, the balls ascend on 
the upward side of the shell and subsequently descend, cascading down towards the feed from near the 

upper section of the shell. The solid particles between the balls and ground are reduced in size by impact 
[22].  

 

Blending and Filling 

The optimized formulations were blended in a shaker mixer for 1 hour at 42 revolutions per minute 
to obtain a homogeneous mixture. The obtained mixture was weighed accurately and filled in capsule 

size 3 [23]. 

RESULTS AND DISCUSSION 

Pre-formulation Studies 

Construction of Standard Curve of L-Tryptophan 

Standard curve was constructed using a series of concentrations of drug solutions ranging from 10–
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100 mcg/ml using phosphate buffer of 7.4 pH. The absorbance values corresponding to the 

concentration were shown in Table 11 and the regression value (r2) was found to be 0.997 as shown in 

Figure 1 and Table 3. 

 

Table 3. Standard curve data of L-Tryptophan by UV spectroscopy. 

Concentration (mcg/ml) Absorbance (nm) 

1 0.165 

2 0.298 

3 0.425 

4 0.545 

5 0.698 

6 0.824 

7 0.979 

 

 
Figure 1. Standard curve of L-Tryptophan. 

  

Construction of Standard Curve of L-Tyrosine 

Standard curve was constructed using a series of concentrations of drug solutions ranging from 10–100 

mcg/ml using phosphate buffer of pH 7.4 [10]. The absorbance values corresponding to the concentration 

were shown in Table 12 and the regression value (r2) was found to be 0.998 from Figure 4. 

 

Table 4. Standard curve data of L-Tyrosine by UV spectroscopy. 

Concentration (mcg/ml) Absorbance (nm) 

10 0.103 

20 0.202 

30 0.286 

40 0.368 

50 0.483 

60 0.575 

70 0.652 

80 0.747 

90 0.827 

100 0.952 

DSC Analysis of DPI Formulation 
From the results of Figure 1 it was noticed that L-Tryptophan showed, a characteristic peak 

representing its melting point at 279.36°C, whereas for L-Tyrosine and Lactose at 295.95°C and 
233.76°C, respectively [24]. In the spray-dried formulation, a peak was detected at 227.23°C, indicating 
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that lactose underwent a phase transition from solid to liquid at its melting point.  The melting point of 
lactose was low compared to L-Tryptophan and L-Tyrosine so there was no significant peak observed 
above or below 227.23°C, which indicated that the formulation remains stable without any interaction 
until 227.23°C [25] as shown in Table 5. 

 

 
Figure 2. Standard curve of L-tyrosine. 
 
Compatibility Studies 

The compatibility between the active ingredients (L-Tryptophan and L-Tyrosine) and the excipient 

(lactose) was evaluated to ensure that there are no interactions that would compromise the stability or 

efficacy of the dry powder inhaler (DPI) formulation. The compatibility study was carried out using 

two main techniques: Fourier-Transform Infrared Spectroscopy (FT-IR) and Differential Scanning 

Calorimetry (DSC). 

 

Fourier-Transform Infrared Spectroscopy (FT-IR) 

FT-IR was used to analyze the functional groups present in the amino acids and excipients, and any 

potential chemical interactions between them. Pure samples of L-Tryptophan, L-Tyrosine, lactose, and 

a physical mixture of these compounds in the formulation were subjected to FT-IR analysis. The spectra 

were recorded to observe any shifts or changes in characteristic peaks, which would indicate chemical 

interaction. The results are summarized in Table 5, showing that no significant shifts were observed, 

suggesting that the components are compatible. 

 

Differential Scanning Calorimetry (DSC) 

DSC analysis was performed to examine the thermal behavior of the amino acids and lactose in the 

formulation. The melting points of L-Tryptophan, L-Tyrosine, and lactose were recorded individually 

at 279.36°C, 295.95°C, and 233.76°C, respectively. In the spray-dried formulation, the peak for lactose 

was observed at 227.23°C, indicating its phase transition without any significant interaction with the 

other ingredients. The absence of additional peaks beyond this temperature confirmed the stability of 

the formulation up to 227.23°C. 

 

These studies demonstrate that L-Tryptophan, L-Tyrosine, and lactose are compatible in the 

formulation, ensuring the stability of the DPI product. 
 
Determination of Solubility of Drugs 

The data for the solubility study is provided in Table 13. The studies indicate that the drug solubility 
was observed to be dependent on pH. Solubility of drug increases with increase in pH. Hence, the drug 
is found to be more soluble in the distilled water as shown in Table 6. 
Table 5. FT-IR spectrum interpretation. 

S.N. Functional 
Group 

Wave Number Observed Frequency 

L-Tryptophan L-Tyrosine Lactose Formulation 
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1. 

 

1600 & 1500-1430 1613.35 1512.19 – 1504.48 

2. C=O 1780-1650 1643.35 – – 1635.64 

3. C-O 1250-1050 1234.44 1249.87 1111.00 1111.00 

4. C-O-C 1300-1000 – – 1257.59 1249.87 

5. Ph-O-C 1250 & 1040 – – 1041.58 1041.56 

6. O-H (alcohol) 3650-3200 3030.81 3209.55 3224.96 3402.43 

7. O-H (COOH) 3300-2500 2576.90 3209 – 3302.13 

8. N-H 3500-3300 3402.43 3348.42 – 3695.61 

9. C-H 3300-2700 2731.20 2762.06 3271.27 2924.09 

 

Table 6. Solubility of drugs in solutions of different pH. 

S.N. pH Solubility (mg/ml) 

L-Tryptophan L-Tyrosine 

1. 4.0 4.79 0.091 

2. 6.8 8.83 0.272 

3. 7.4 11.56 0.397 

4. Water 13.75 0.432 

 

 
Figure 3. DSC spectrum of DPI formulation. 

 

Determination of pH and Partition Coefficient 

The partition coefficient (P) measures how easily a neutral (uncharged) compound dissolves in a two-

phase system of lipids (fats, oils, organic solvents) and water. A negative logP value means the 

compound is more soluble in water, making it more hydrophilic. When logP is 0, the compound is 

evenly distributed between the lipid and aqueous phases. A positive logP value indicates higher 

solubility in the lipid phase, meaning the compound is more lipophilic, as shown in Table 7. 

 

With this regard the value of log P lies –0.99 and –1.71 for L-Tryptophan and L-Tyrosine, 

respectively showed in Table 15 indicated that the drugs were hydrophilic in nature [26]. 

Table 7. pH and logP value for L-tryptophan and L-tyrosine. 

S.N. Drug pH 

(1%) 

Log P Value 

1. L-Tryptophan 5.7 -0.99 



 

 

Development of Formulation for Dry Powder Inhalation of Amino Acids                                             Latha et al. 

 

 

© STM Journals 2024. All Rights Reserved 25  
 

 

2. L-Tyrosine 5.2 -1.71 

 

OPTIMIZATION AND FORMULATION DEVELOPMENT 

Optimized Formulation 

The drugs were micronized by nano spray drying technique and the carrier was size reduced by ball 

milling. The ratio of drug and carrier in DPI formulation are as follows as shown in Table 8. 
 

Table 8. Drug to carrier ratio for DPI formulation. 

S.N. Ingredients Ratio (mg) 

1. L-Tyrosine 5 

2. L-Tryptophan 1 

 

FORMULATION EVALUATION 

Physical Characterization 

Determination of Moisture Content 

The average percentage moisture content was found to be 1.8% shown in Table 16, which lied within 

the limit according to IP as shown in Table 9. 
 

Solid State Stability Studies 

The optimized formulation underwent stability testing following ICH guidelines. It was stored at 

25°C with 60% relative humidity and at 40°C with 75% relative humidity for 90 days. Throughout the 
study, samples were periodically analyzed for any changes in physical appearance and drug content. 

 
Table 9. Determination of moisture content. 

S.N. Initial Weight (g) Final Weight (g) % Moisture Content 

1. 1 0.98 2.0 

2. 1 0.98 2.0 

3. 1 0.98 2.0 

4. 1 0.98 2.0 

5. 1 0.99 1.0 

 

Table 10. Stability studies of drug according to ICH guidelines. 

Stability 

Conditions 

Sampling 

Days 

Drug Content L-

Tryptophan Mean ± SD 

Drug Content L-

Tyrosine Mean ± 

SD 

25ºC/60% RH 

0 

30 

60 
90 

99.53 ± 0.25 

99.30 ± 0.25 

98.98 ± 0.05 
98.96 ± 0.11 

100.00 ± 0.10 

99.98 ± 0.11 

99.81 ± 0.24 
99.00 ± 0.10 

40ºC/75% RH 

0 
30 

60 
90 

99.29 ± 0.10 
99.25 ± 0.22 

98.95 ± 0.17 
98.89 ± 0.14 

99.98 ± 0.22 
99.90 ± 0.18 

98.79 ± 0.17 
97.56 ± 0.22 

 

Standard Deviation (n = 3) 

From the Table 18, drug content lies in range of 99.5–98.9% and 100–99% at 25ºC/60% RH for L-

Tryptophan and L-Tyrosine, respectively for 0–90 days. 99.29–98.9% and 99.98–97.56% at 40ºC/75% 
RH for L-Tryptophan and L-Tyrosine, respectively for 0–90 days. This suggests that the formulation 

remained chemically stable without any significant changes or interactions throughout the study period. 
[27]. 

MICROMERITIC CHARACTERIZATION 

Scanning Electron Microscopic Analysis 

Scanning Electron Microscope Photograph of L-Tryptophan 



 

International Journal of Biomedical Innovations and Engineering 

Volume 2, Issue 2 

 

 

© STM Journals 2024. All Rights Reserved 26  
 

 

SEM photographs showed that dry powder produced by spray-drying yielded loose agglomerates of 

microparticles with comparable size and surfaces. The particles were of good morphological 

characteristics, having rough surface with particle size range of 1–3 μm.  he particles present in the 

form of loose agglomerates supports the administration of free dispersion of powder in the form of 

inhalation. 

 

 
Figure 4. (Cont.). 

 

Figure 4. SEM photographs of L-Tryptophan scanning electron microscope (SEM) photograph 

of L-Tyrosine. 

(a) 

(b) 



 

 

Development of Formulation for Dry Powder Inhalation of Amino Acids                                             Latha et al. 

 

 

© STM Journals 2024. All Rights Reserved 27  
 

 

 

Figure 5. (Cont.). 

 
Figure 5. SEM photographs of L-Tyrosine SEM photograph of lactose. 

(a) 

(b) 
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Figure 6. (Cont.). 

 

Figure 6. SEM photographs of lactose. 

(a) 

(b) 
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Elemental Analysis by EDAX-Energy Dispersive Spectroscopy 7.3 

EDAX-graph L-Tryptophan 

EDAX is a technique used to determine the elemental composition of a sample, often in conjunction 

with Scanning Electron Microscopy (SEM). It operates by detecting characteristic X-rays emitted when 

the sample is exposed to a focused electron beam. 

 

For L-Tryptophan, the EDAX graph visually represents the detected elements and their quantities. 

The accompanying table details the weight percentages, atomic percentages, and error percentages of 

carbon, nitrogen, and oxygen, confirming the sample's composition and ensuring it is free from 

impurities. 

 

 
Figure 7. Energy dispersive spectroscopy graph of L-Tryptophan. 

 

Elemental Analysis of L-Tryptophan 

Elements Analyzed: The analysis typically focuses on key elements such as carbon (C), nitrogen (N), 

and oxygen (O), which are vital components of amino acids like L-Tryptophan. 

• Results: The results are displayed in a table format, showing: 

• Weight Percentage: The proportion of each element by weight in the sample. 

• Error Percentage: The variability or error associated with the measurements. 

• Significance: This information confirms the purity of the sample and can indicate the absence of 

impurities, supporting the formulation's quality and efficacy. 

 

Table 11. Elemental analysis of L-Tryptophan. 

Element Weight % Atomic % Error % 

C K 64.11 69.09 3.47 

N K 16.24 15.01 15.27 

O K 19.65 15.90 11.77 

 

Elemental Analysis L-Tyrosine 

EDAX graph in Figure 10 indicated that the elements such as carbon, nitrogen, and oxygen are only 

present in the drug which confirmed the absence of impurities. 
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Figure 8. Elemental analysis graph of L-Tryptophan EDAX graph-L-Tyrosine. 

 

 
Figure 9. Energy dispersive spectroscopy graph of L-Tyrosine. 

 

Tables 18 and 19 indicated the weightage of the elements present in the drug L-Tryptophan 

and L-Tyrosine, respectively. 
 

Table 12. Elemental analysis of L-Tyrosine. 

Element Weight % Atomic % Error % 

C K 61.58 67.49 3.80 

N K 7.63 7.17 18.44 

O K 30.80 25.34 9.55 

 

Powder X-Ray Diffraction 

The º2nd values from Table 13 and Table 14 and the diffraction pattern with the presence of strong 

peaks shows the characteristic of crystallinity indicating that the drug retained the crystalline nature 

64.11

16.24

19.65
C K - 64.11%

N K - 16.24%

O K - 19.65%
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even after the process of micronization. 

 
Figure 10. Elemental analysis graph of L-Tyrosine. 

 

Table 13. XRD interpretation of L-Tryptophan. 

Pos. [°2nd.] Height [cts] FWHM Left [°2nd.] d-Spacing [Å] Rel. Int. [%] 

10.0801 473.02 0.2007 8.77538 15.19 

14.8664 882.59 0.3346 5.95914 28.34 

15.6097 498.01 0.2676 5.67703 15.99 

16.7850 428.18 0.3346 5.28207 13.75 

17.8791 1423.86 0.2676 4.96122 45.72 

18.4817 3114.65 0.4015 4.80081 100.00 

19.9708 545.21 0.3346 4.44607 17.50 

23.2447 2018.90 0.3011 3.82676 64.82 

25.1591 626.37 0.3346 3.53974 20.11 

27.3215 329.15 0.6022 3.26429 10.57 

28.9053 127.44 0.6691 3.08894 4.09 

31.1967 310.06 0.3346 2.86709 9.95 

32.1091 338.96 0.3346 2.78767 10.88 

33.5199 105.74 0.5353 2.67350 3.39 

36.1712 237.48 0.5353 2.48339 7.62 

40.3948 90.50 0.7360 2.23295 2.91 

48.5026 47.50 0.8029 1.87695 1.52 

 

Table 14. XRD interpretation of L-Tyrosine. 

Pos. [°2nd.] Height [cts] FWHM Left [°2nd.] d-Spacing [Å] Rel. Int. [%] 

13.4908 201.79 0.3346 6.56354 12.69 

15.3154 444.72 0.2676 5.78545 27.97 

15.8096 352.71 0.3346 5.60570 22.19 

18.0203 995.06 0.4349 4.92268 62.59 

20.3212 1589.73 0.1840 4.37019 100.00 

21.7070 312.23 0.3346 4.09423 19.64 

24.7584 453.49 0.3011 3.59612 28.53 

25.8296 354.91 0.2676 3.44935 22.32 

26.2446 326.76 0.3346 3.39575 20.55 

27.3042 319.67 0.3680 3.26632 20.11 

28.7639 265.48 0.6691 3.10380 16.70 

30.4692 548.05 0.0502 2.93387 34.47 

32.7858 172.62 0.3680 2.73166 10.86 

61.58

7.63 30.80

C K - 61.58%

N K - 7.63%

O K - 30.8%
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Pos. [°2nd.] Height [cts] FWHM Left [°2nd.] d-Spacing [Å] Rel. Int. [%] 

33.6070 133.61 0.4015 2.66677 8.40 

34.5158 157.67 0.3346 2.59860 9.92 

36.2504 53.16 0.8029 2.47814 3.34 

39.8191 94.69 0.5353 2.26389 5.96 

42.4917 137.62 0.6022 2.12748 8.66 

 

Flow Characteristics 

Bulk Density 

Flow Characteristics refers to the behavior of powders when they are moved or manipulated, which 

is crucial in processes such as blending, filling, and compressing in pharmaceutical formulations. Good 

flow characteristics ensure uniformity in dosage and help prevent issues during manufacturing. 

 

Bulk density refers to the mass of a powder per unit volume, taking into account the spaces (voids) 

between particles. It is determined by measuring the mass of the powder and dividing it by the bulk 

volume it occupies. Bulk density is essential in assessing the flowability of powders, as it influences 

how easily they can be handled and processed. 
 
Key Points Table 14 

Measurement 

Bulk density is measured using a specific mass of powder and a graduated cylinder. The volume is 

recorded after allowing the powder to settle. 

 

Example: If 0.5 grams of powder occupies 1 cm³, the bulk density is calculated as 0.5 g/cm³. 
 
Importance 

Higher bulk density typically indicates better flow properties, while lower bulk density can lead to 

poor flowability and handling issues. 

 

It is useful for determining other properties such as tapped density,  arr’s inde , and the Hausner 

ratio.  

 
Results in Context 

In the given text, the bulk density of the DPI formulation is recorded as 0.53 g/cm³. This measurement 

is a key factor in assessing processing efficiency and formulation stability. 
 
Tapped Density 

Tapped density refers to the mass of a powder per unit volume after being subjected to tapping or 

vibration, allowing the particles to settle more compactly. This measurement helps assess the powder's 

packing properties and flowability, as shown in Table 15. 

  
Key Points 

Measurement Process: A specific mass of powder is placed in a graduated cylinder.  

 

The cylinder is tapped manually or mechanically a set number of times, typically 100 or 200.  

 

The final volume occupied by the powder after tapping is recorded.  

 

Tapped density is calculated using the formula:  

 

For example, if 0.5 grams of powder occupies 0.75 cm³ after tapping, the tapped density is  
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𝟎. 𝟓 𝒈

𝟎. 𝟕𝟓 𝒄𝒎𝟑
= 𝟎. 𝟔𝟕 𝒈/𝒄𝒎𝟑 

𝑻𝒂𝒑𝒑𝒆𝒅 𝑫𝒆𝒏𝒔𝒊𝒕𝒚 =
𝑴𝒂𝒔𝒔 𝒐𝒇 𝑷𝒐𝒘𝒅𝒆𝒓

𝑭𝒊𝒏𝒂𝒍 𝑽𝒐𝒍𝒖𝒎𝒆 𝑨𝒇𝒕𝒆𝒓 𝑻𝒂𝒑𝒑𝒊𝒏𝒈
 

 
Importance 

1. Tapped density provides a more accurate representation of how a powder will behave during 
processing compared to bulk density, as it accounts for the reduction in volume when the particles 
settle closer together.  

2. It is particularly important for determining flow properties, as powders with higher tapped densities 
are generally more likely to flow well.  

 
Used to calculate  arr’s Inde  and Hausner  atio, which are important indicators of flowability: 

 arr’s Inde :   measure of the flowability of a powder, calculated as:  

 

𝑪𝒂𝒓𝒓′𝒔 𝑰𝒏𝒅𝒆𝒙 =
𝑻𝒂𝒑𝒑𝒆𝒅 𝑫𝒆𝒏𝒔𝒊𝒕𝒚 − 𝑩𝒖𝒍𝒌 𝑫𝒆𝒏𝒔𝒊𝒕𝒚

𝑻𝒂𝒑𝒑𝒆𝒅 𝑫𝒆𝒏𝒔𝒊𝒕𝒚
× 𝟏𝟎𝟎 

 

Hausner Ratio: The ratio of tapped density to bulk density, indicating the flowability of the powder.  
 

Table 15. Bulk density of DPI formulation. 
S.N. Mass (g) Bulk Volume (cm3) Bulk Density (g/cm3) 

1. 0.5 1 0.5 

2. 0.5 0.9 0.55 

3. 0.5 0.9 0.55 

Bulk density 0.53 g/cm3 

 

Table 16. Tapped density of DPI formulation. 
S.N. Mass (g) Tapped Volume (cm3) Tapped Density (g/cm3) 

1. 0.5 0.75 0.66 

2. 0.5 0.76 0.65 

3. 0.5 0.74 0.67 

Tapped density 0.66 g/cm3 

 

Carr’s Index and Hausner Ratio 

Powder flow is the displacement of powder particles in relation to each other, under the effect of 
some directional force. Particle size, shape, porosity, density, and moisture content influences the flow 
properties of powder. Hence, it is necessary to determine the flow characteristics to ensure whether the 
powder is freely flowing as seen in Tables 15 and 16. 

 
Tables 16 and 17 indicate that the bulk density and tapped density of the formulation were measured 

as 0.53 g/cm3 and 0.66 g/cm3, respectively. Table 18 shows Carr’s index and Hausner ratio were 
determined to be 19.6% and 1.24, respectively. These findings demonstrate that the prepared powders 
exhibit favorable flow characteristics. 
 
Table 17. Carr’s index and Hausner ratio for DPI formulation. 

Flow Properties Values Flow 

Carr’s index 19.6% Fair 

Hausner ratio 1.24 Good 

 

CAPSULE EVALUATION 

The selected capsules were found to be stable and had a good integrity. 
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Table 18. Evaluation parameters of capsule. 

S.N. Evaluation Parameters Values 

1. Physical appearance Smooth and elegant 

2. Locking length 15 ± 0.08 mm [n = 20] 

3. Weight uniformity 19.95 ± 0.17 mg [n = 20] 

 

Assay (Drug Content Determination) 

As shown in Table 17, the drug content was measured at 99.53% for L-Tryptophan and 100% for L-

Tyrosine, confirming that it falls within the acceptable range. 

 

Table 19 shows the percentage drug content of L-Tryptophan and L-Tyrosine, measured at their 

respective wavelengths. The absorbance values for L-Tryptophan and L-Tyrosine were 1.367 and 0.959 

at wavelengths of 287.40 nm and 274.60 nm, respectively. The drug content analysis indicates that L-

Tryptophan has a content of 99.53%, while L-Tyrosine shows a drug content of 100.00%, confirming 

that both drugs are present in near-perfect concentrations in the formulation. 

 

Table 19. Percentage drug content of L-Tryptophan and L-Tyrosine. 

S.N. Drug Wavelength (nm) Absorbance Drug Content (%) 

1. L-Tryptophan 287.40 1.367 99.53 

2. L-Tyrosine 274.60 0.959 100.00 

 

CONCLUSION 

The culmination of various investigations has yielded pivotal insights, leading to the following key 

conclusions: this research endeavors to develop a therapy aimed at the lungs, seeking to create an 

efficient and compliant treatment through the strategic utilization of amino acids. These compounds 

significantly impact mood and behavior, particularly during smoking and related activities. L-

Tryptophan and L-Tyrosine were finely micronized to a particle size of 2–4 µm and combined with 

lactose as a carrier to create a dry powder inhalation. The expected synergy between these amino acids 

is intended to help reduce withdrawal symptoms associated with smoking cessation. 

 

The findings from in vivo studies revealed several noteworthy outcomes: a swift onset of action, 

heightened drug concentration at the local site, and prolonged retention of the drug following 

administration. These results collectively suggest that the dry powder inhalation formulation presents a 

promising avenue for effectively delivering medication to the lungs, surpassing alternative 

administration routes in terms of efficacy. Consequently, this study’s conclusions underscore the 

potential for improved patient compliance and therapy adherence. In summary, this innovative approach 

not only addresses the challenges associated with smoking cessation but also holds promise for 

enhancing patient outcomes. By leveraging the unique properties of amino acids and optimizing 

delivery mechanisms, this therapy aims to provide a more effective and patient-friendly solution for 

tackling the complexities of smoking cessation. 

 

 

REFERENCES 

1. Paranjpe M, Müller-Goymann CC. Nanoparticle-mediated pulmonary drug delivery: a review. Int 

J Mol Sci. 2014;15:5852–5873. doi: 10.3390/ijms15045852. 

2. Okamoto H, Danjo K. Application of supercritical fluid to preparation of powders of high-

molecular weight drugs for inhalation. Adv Drug Deliv Rev. 2008;60:433–446. doi: 

10.1016/j.addr.2007.02.002.  

3. Mahmud A, Discher DE. Lung vascular targeting through inhalation delivery: insight from 

filamentous viruses and other shapes. IUBMB Life. 2011;63:607–612. doi: 10.1002/iub.481. [ 

4. Sung JC, Pulliam BL, Edwards DA. Nanoparticles for drug delivery to the lungs. Trends 

Biotechnol. 2007;25:563–570. doi: 10.1016/j.tibtech.2007.09.005.  



 

 

Development of Formulation for Dry Powder Inhalation of Amino Acids                                             Latha et al. 

 

 

© STM Journals 2024. All Rights Reserved 35  
 

 

5. Bhavane R, Karathanasis E, Annapragada AV. Agglomerated vesicle technology: a new class of 

particles for controlled and modulated pulmonary drug delivery. J Control Release. 2003;93:15–

28. doi: 10.1016/S0168-3659(03)00359-6. 

6. Thorley AJ, Tetley TD. New perspectives in nanomedicine. Pharmacol Ther. 2013;140:176–185. 

doi: 10.1016/j.pharmthera.2013.06.008. 

7. Preedy EC, Prokopovich P. Novel Coatings and Biotechnology Trends. In: Inhaler Devices. New 

York: Elsevier; 2013. pp. 37–50.  

8. Alpar H, Somavarapu S, Atuah KN, Bramwell VW. Biodegradable mucoadhesive particulates for 

nasal and pulmonary antigen and DNA delivery. Adv Drug Deliv Rev. 2005;57:411–430. doi: 

10.1016/j.addr.2004.09.004. 

9. Hamedinasab H, Rezayan AH, Mellat M, Mashreghi M, Jaafari MR. Development of chitosan-

coated liposome for pulmonary delivery of N-acetylcysteine. Int J Biol Macromol. 2020;156:1455–

1463. doi: 10.1016/j.ijbiomac.2019.11.190. 

10. Patton JS, Brain JD, Davies LA, Fiegel J, Gumbleton M, Kim KJ, Sakagami M, Vanbever R, 

Ehrhardt C. The particle has landed—characterizing the fate of inhaled pharmaceuticals. J Aerosol 

Med Pulm Drug Deliv. 2010;23:71–87. doi: 10.1089/jamp.2010.0836. 

11. Kanig JL. Pharmaceutical aerosols. J Pharm Sci. 1963;52:513–535. doi: 10.1002/jps.2600520603. 

12. Bosquillon C, Lombry C, Preat V, Vanbever R. Comparison of particle sizing techniques in the 

case of inhalation dry powders. J Pharm Sci. 2001;90:2032–2041. doi: 10.1002/jps.1154.  

13. El-Sherbiny IM, Villanueva DG, Herrera D, Smyth HDC. Overcoming Lung Clearance 

Mechanisms for Controlled Release Drug Delivery. In: Controlled Pulmonary Drug Delivery. New 

York: Springer; 2011. pp. 101–126. 

14. Chew NY, Chan HK. The role of particle properties in pharmaceutical powder inhalation 

formulations. J Aerosol Med. 2002;15:325–330. doi: 10.1089/089426802760292672. 

15. Chen L, Okuda T, Lu X-Y, Chan H-K. Amorphous powders for inhalation drug delivery. Adv Drug 

Deliv Rev. 2016;100:102–115. doi: 10.1016/j.addr.2016.01.002. 

16. Ticehurst MD, Basford PA, Dallman CI, Lukas TM, Marshall PV, Nichols G, Smith D. 

Characterisation of the influence of micronisation on the crystallinity and physical stability of 

revatropate hydrobromide. Int J Pharm. 2000;193:247–259. doi: 10.1016/S0378-5173(99)00347-6. 

17. Mackin L, Zanon R, Park JM, Foster K, Opalenik H, Demonte M. Quantification of low levels 

(<10%) of amorphous content in micronised active batches using dynamic vapour sorption and 

isothermal microcalorimetry. Int J Pharm. 2002;231:227–236. 

18. Jain MS, Lohare GB, Bari MM, Chavan RB, Barhate SD, Shah CB. Spray drying in pharmaceutical 

industry: a review. Res J Pharm Dos Forms Technol. 2012;4:74–79.  

19. Leung SSY, Parumasivam T, Gao FG, Carrigy NB, Vehring R, Finlay WH, Morales S, Britton WJ, 

Kutter E, Chan H-K. Production of inhalation phage powders using spray freeze drying and spray 

drying techniques for treatment of respiratory infections. Pharm Res. 2016;33:1486–1496. doi: 

10.1007/s11095-016-1892-6. 

20. Panão MO, Moreira ALN, Vicente J, Costa E. Assessment of ultrasonic sprays for spray drying. 

Assessment. 2014;7:10.  

21. Joshi JT. A review on micronization techniques. J Pharm Sci Technol. 2011;3:651–681.  

22. Otake H, Okuda T, Okamoto H. Development of spray-freeze-dried powders for inhalation with 

high inhalation performance and antihygroscopic property. Chem Pharm Bull. 2016;64:239–245. 

doi: 10.1248/cpb.c15-00824.  

23. Kondo M, Niwa T, Okamoto H, Danjo K. Particle characterization of poorly water-soluble drugs 

using a spray freeze drying technique. Chem Pharm Bull. 2009;57:657–662. doi: 

10.1248/cpb.57.657.  

24. Ishwarya SP, Anandharamakrishnan C, Stapley AG. Spray-freeze-drying: a novel process for the 

drying of foods and bioproducts. Trends Food Sci Technol. 2015;41:161–181. doi: 

10.1016/j.tifs.2014.10.008. 

25. Ali ME, Lamprecht A. Spray freeze drying for dry powder inhalation of nanoparticles. Eur J Pharm 

Biopharm. 2014;87:510–517. doi: 10.1016/j.ejpb.2014.03.009. 



 

International Journal of Biomedical Innovations and Engineering 

Volume 2, Issue 2 

 

 

© STM Journals 2024. All Rights Reserved 36  
 

 

26. Shoyele SA, Cawthorne S. Particle engineering techniques for inhaled biopharmaceuticals. Adv 

Drug Deliv Rev. 2006;58:1009–1029. doi: 10.1016/j.addr.2006.07.010.  

27. Davies OR, Lewis AL, Whitaker MJ, Tai H, Shakesheff KM, Howdle SM. Applications of 

supercritical CO2 in the fabrication of polymer systems for drug delivery and tissue engineering. 

Adv Drug Deliv Rev. 2008;60:373–387. doi: 10.1016/j.addr.2006.12.001.  

  


