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ABSTRACT 

This study aims to investigate the inhaler pharmacokinetics of Ribavirin-Loaded Solid Lipid Nanoparticles (RSLN) in 

albino rats. After local ethical approval for animal experiments, rats were exposed to liquid RSLN with a particle size of 

300 nm for 96 minutes in 7 groups (n=8), including six experimental and one control group. Then, serum and lung 

tissues were collected at ½,1,2,4,12, and 24 hours. HPLC-MS/MS analyzed the amount of Ribavirin (RBV) in serum and 

lung tissue after extraction. Serum Cmax 5.45 µg/mL, serum mean RBV concentration (CRBV) of groups 3.9512 (μg/mL), 

3.1237 (μg/mL), 3.2181 (μg/mL), 2.9306 (μg/mL), 3.1268 (μg/mL), 3.16 (μg/mL) linear graph area of 3.16 (μg/mL) and 

35, AUC-C/t 11 μl trap area of groups with 35, AUC-11µl linear graph was detected. Serum values were analyzed with 

One Way ANOVA (Analysis of Variance) statistics. The difference between groups was significant (p=0.40). Lung tissue 

RBV maximum concentration (PCRBV) Cmax was 3.78 µg/g, and the average lung tissue concentration of the groups 

was 2.544 (μg/g), 2.0085 (μg/g), 1.874 (μg/g), 1.2115 (μg/g), 0.73125 (μg/g), 0.4425 (μg/g), respectively. Lung tissue 

values were evaluated using the Kruskal-wallis way analysis method. According to this, the difference between groups 

was highly significant (p=0.01). The C/t graph area of the groups was found to be 15.66 µg/g-h by the same method. 

Data indicate that RBV provides adequate plasma concentration upon inhalation exposure. Evidence, that a particle 

size of 300 nm is sufficient to establish an effective serum concentration by exposure. 

Keywords-Ribavirin, Antiviral inhaler drug, Ribavirin aerosol, Nano-pharmaceutical drug, Pharmacokinetics 

INTRODUCTION 

Inhaled anti-infective drugs play an essential role in preventing and treating respiratory tract infections. The complex aetiology and 

pathogenesis of respiratory viral infections seriously threaten human health. The most effective treatment is the administration of anti-

infective agents directly to the respiratory tract. For this purpose, aerosols provide sufficient drug concentration to destroy pathogenic 

organisms [1]. Aerosolized administration greatly reduces the potential toxicity associated with systemic exposure. Despite the many 

advantages of aerosol delivery, research on the safety, efficacy, and pulmonary pharmacokinetics of anti-infective administered by 
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this route still needs to be completed. Ways to optimize the benefit/risk ratio for inhaled drugs are possible with more PK/PD studies. 

Ribavirin (RBV) is not bound to plasma proteins and has a large volume of distribution (>2800 L) [2]. This may be due to the 

extensive transport of RBV into cells (including erythrocytes). Transport into non-plasma compartments may be via a stabilizing 

nucleoside transporter found in almost all cell types, which may explain RBV's large volume of distribution. Concentrations in 

erythrocytes continue to rise for approximately four days while plasma concentrations decrease. Following prolonged administration, 

the cerebrospinal fluid level may be up to 70% of the plasma concentration. Although it is uncertain whether the drug is trans-

placental in humans, there is accumulation and teratogenicity in erythrocytes in animal models. RBV is metabolized by 

phosphorylation to give a triazole carboxylic acid metabolite. RBV undergoes very little CYP-P450 enzyme-mediated metabolism. 

The elimination half-life is more than 40 hours [3]. The elimination half-life at 600 mg and 2 × 1 dose is 298 hours, possibly 

reflecting elimination from non-plasma compartments. The kidneys largely excrete RBV and its metabolites. The amount of RBV 

absorbed into respiratory secretions after nasal and inhalation vary depending on the method of administration, the concentration of 

the drug in the solution, and the length of administration time [4]. 

The pharmacokinetics of inhalable therapeutic agents differ from those given IV and enterally [1]. Compliance with the complexity of 

the physiological structure, lung health status, individual differences, molecule size, mechanics of administration, and 

pharmacokinetics of the molecule is of great importance. The high therapeutic effect, adequate concentration in the lung, and 

relatively low systemic absorption levels are aimed at inhaled administration. Therefore, in vivo, data is often simple, and it is 

necessary to use compromised, minimalist approaches that fit the ability to represent the physiological system [5]. For example; If the 

kinetic model assumes a single compartment with systemic absorption; If the rate constant of pulmonary mucociliary clearance, 

phagocytosis, or metabolism in parallel with the rate constant is called the rate constant of accumulation outside the lung, it is 

possible to find the plasma drug concentration curve against time following pulmonary administration in preclinical studies, and the 

ka and chan values for which bioavailability is calculated as follows [6].  

                
 

       
     

Ribavirin is a prodrug that is taken up by active transport into cells, where it is converted to its active metabolite RBV Triphosphate 

(RTP). It is one of the most studied molecules in inhaler aerosols. In bone marrow transplantation patients, lung transplantation 

patients, hematopoietic cell transplantation, RSV, cancerous Respiratory Syncytial Virus (RSV) patients, RNA viruses, Chronic 

Obstructive Pulmonary Diseases (COPD), acute bronchiolitis, influenza, in COVID-19, acute bronchiolitis, bronchiolitis [2,3,7-26]. 

There are many studies on RBV in viral treatment, pediatric viral infections, fatal influenza, respiratory papillomatosis, hepatitis-C, 

lower respiratory tract viral diseases, and protection from RSV [4,24,27-31]. Although there are not enough clinical studies, RBV 

Viral Haemorrhagic Fever (VHF), Colorado tick fever virus, Crimean-Congo hemorrhagic fever virus, Cytomegalovirus (CMV), 

Hantaan virus, hepatitis A virus, herpes simplex virus types I and II, Human Immunodeficiency Virus (HIV), influenza A and B virus, 

Junin virus, Lassa virus, measles virus, Cannabis virus, parainfluenza virus, many viral infections such as inovirus, Rift Valley fever 

virus, rotavirus, subacute sclerosing panencephalitis virus, variola virus (smallpox), West Nile virus, yellow fever virus have been 

studied and most of them have been successful [32-34]. Data indicate that RBV provides adequate plasma concentration upon 

inhalation exposure. This study aims to investigate the inhaler pharmacokinetics of Ribavirin-loaded Solid Lipid Nanoparticles 

(RSLN) in albino rats. 

MATERIALS AND METHODS 

The water-soluble powder form of ribavirin (99.5%) was obtained from Jinan Mingxin Pharmaceutical Co., ltd, and compritol and 

polyoxyethylene sorbitan monooleate (Tween 80) were obtained from Merck
®
 Schuchardt (Darmstadt, Germany). Heparin tube, 

Phosphate Buffered Saline pH=7.4 (PBS), nebulizer, and other consumables for the experimental animals were obtained from Turkey. 

Solid lipid nanoparticle preparation of ribavirin  

The hot homogenization technique described by Müller was used in the preparation of Ribavirin Solid Lipid Nanoparticle (RSLN) 

[35]. A lipid solution was prepared at 80ºC with heat using 5% RBV, 5% lipid fluid (Compritol 888), and 3% surfactant (Tween 80). 

RBV was added to the lipid solution, and Tween 80 was slowly and slowly mixed with Ultra-Turrax (T25, Janke and Kunkel IKA
®
, 

Germany) for 10 minutes. Then, the RSLN complex was obtained by mixing at 20,500 rpm for 1 minute. The solution containing the 

nanoparticle system obtained by passing through a complex 0.2µm filter was cooled to room temperature. It was stored in sterile and 

colored glass tubes with screw caps. SLNs were repeated for control by applying the same procedures without using RBV. 
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Characterization of RBV-loaded Solid Lipid Nanoparticles (RSLN) 

The mean diameters (particle size) and Polydispersity Index (PI) of SLNs were determined by Photon Correlation Spectroscopy 

(PCS) using a Nano Zetasizer (ZS, Malvern, UK) at a fixed angle of 90° and temperature of 25℃. The zeta potential was measured at 

25℃ via a Nano Zetasizer to assess the colloidal distribution's stability. SLNs were then suspended in distilled water (pH=7). Each of 

the samples was analyzed in triplicate. SLNs were spread on a Cu grid, stained with uranyl acetate, and examined under Transmission 

Electron Microscopy (TEM). Ribavirin-loaded SLNs were validated with TEM (TEM FEI Tecnai
™

 Bio Twin). The zeta potential of 

the particles was determined using Malvern Zetasizer Nano ZS (Malvern Instruments). RSLN particle size averaged 4188 nm (± 

3.26), and PI averaged 0.376 ± 0.05 (n=3). 

Application method to experimental animals 

The European Union Directive on the protection of animals used for scientific purposes numbered 2010/63/EC (Directive 

2010/63/EU of the European Parliament and of the Council of 22 September 2010) [36]. The regulation numbered 28141, dated 

13.12.2011, which adopted the provisions of the law as a basis, was complied. First, permission was obtained from the local ethics 

committee of Zonguldak Bülent Ecevit University Experimental Research Application and Research Center (DEHAM) Animal 

experiments with the number 2021/05 on 03.06.2021. 

The prepared RSLN drug was given by passive inhalation in aerosol form without limiting the animals' awake and normal respiration. 

In the indoor environment, the average temperature was 22.5℃, and the humidity was kept at 55%-65%. A nebulizer was used to 

deliver aerosol drugs. Whole-body exposure was preferred for delivering liquid or solid drugs to the lungs since it is a non-invasive, 

problem-free method [7,10,31,37]. 

In the study, eight weeks old Wistar albino 350g (± 20gr) male rats were studied. Throughout the study, rats were fed ad-libitum with 

commercial pellets that met all dietary requirements. They were allowed to drink water (ad-libitum). The rats were kept at an ambient 

temperature of 22℃ (± 2) and in a well-ventilated (55%-60% humidity) environment. They were divided into seven groups in 

separate cages after a 5-day adaptation period in a 12-hour light and 12-hour dark cycle. In order to relieve experimental stress in all 

groups, a 90-minute exercise period was applied twice in the morning and evening for two days. The sham group was used instead of 

the control group. It was planned to have 8+2=10 rats in each group. Eight experiments were kept, two of which were used for 

possible loss compensation. There were no losses. Therefore, 2 animals were not used. 

The environment of the experimental groups (6 groups) was kept the same. Nebulized budesonide at a dose of 0.5 mg/mL for 10 

minutes was administered to all groups (n=7) before the experiment, with an airflow of 10 L/min. The experiment for all groups was 

carried out in a 0.6 m
3
 polypropylene transparent container. In the upper 1/10 of the test vessel, an opening of 1 cm in diameter was 

left on both sides, one is suitable for mutual air inlets and outlets, and one is free from the nebulizer hose inlet. Humidity and 

temperature were measured instantaneously. ACE-certified nebulizer with a compressor was used for the experiment. The airflow 

compressed by the nebulizer per unit time was adjusted to 10 L/min and 0.5 mL/min drug consumption. The drug dose was used by 

calculating 20 mg/kg over 20 mg/mL solution [19,38]. When the passive inhaler dose was 20 mg/mL, the dose was predicted to be 7 

mg/live weight for 350 g rat [19,21]. The drug dose was calculated based on 7.2 L/h passive breathing over the mean tidal volume. 

Our RSLN solution was at a concentration of 6,25 mg/mL. For the rat dose of 7 mg/rat, the drug exposure time was kept at 96 

minutes. The drug dose was calculated over D=C × F × Vt × T. Lung accumulation was also taken as C × T × RMV × Df 

(Df=Deposition factor=1/10 for rat). (51.54). 8 minutes of prodrug aerosolization was performed for sufficient drug concentration of 

the medium. RSLN was given to 6 groups and 0.9% NaCl (isotonic) to the control group. Then, at the end of ½,1,2,4,12, and 24 

hours, Xylazine (10 mg/kg) X ketamine (75 mg/kg) was euthanized by deep anesthesia. >2 mL blood from A. abdominals was taken 

into heparinized tubes. Lungs were separated from the surrounding tissues and placed in 50mL tubes containing 20 mL PBS 

(pH=7.4). Blood samples and tissue samples were numbered together and kept at -40℃. The samples were delivered to Tekirdağ 

Namık Kemal University Instrumental Analysis Laboratory (NABİLTEM) in cold storage. Samples were prepared for analysis with 

the specified method [3]. Blood samples were vortexed for 1 minute. It was centrifuged at 4500 rpm for 10 min. 100 µL of serum 

obtained in the upper phase was taken. 900 µL of Acetonitrile (ACN) was added to it. It was vortexed for 15 seconds. It was 

centrifuged at 13,000 rpm for 10 minutes at room temperature. It was diluted with acetonitrile, filtered through a 0.22 µm syringe 

filter, taken into a vial, and made ready for injection into the device. 1g of lung samples was taken, and 10 mL of ACN was added and 

homogenized with a homogenizer. After vortexing for 2 minutes, it was centrifuged at 4500 rpm for 10 minutes. It was filtered 

through a 0.22 µm syringe filter, diluted with acetonitrile, and made ready for injection into the device. 

Analyzes were performed on an AB Sciex brand and 3200 QTRAP (AB Sciex, Foster City, USA) model High-Pressure Liquid 



International Journal of Chemical & Pharmaceutical Analysis .................... October-December 2023 

Page 4 of 13 

 

 

Chromatography Mass Spectrometry (HPLC-MS/MS) instrument. Agilent Proshell 120 SB: C18 2.7 µm 100 × 3.0 mm column was 

used. Acetonitrile (20%) and deionized water (0.1% Formic acid) were used as the mobile phase. The flow rate was set to be 0.2 

mL/min and the injection volume to be 10 µL. The method of application to the device, analytical device parameters, and MRM data 

are given in Table 1. 

Table 1:  Instrument method and analytical instrument parameters and MRM data 

LC method properties 

Injection volume 5.00 ul 

Mobile phase A UPW containing 0.2%FA 

Flow method Mob A:100 % Isocratic 

Flow rate 0.300 mL/min 

CFT 40℃ 

Analytical instrument parameters 

Curtain gas 30 

Collision gas Medium 

İon spray voltage 5500 

Temperature 500 

İon source gas-1 (GS-2) 50 

İon source gas-2 (GS-2) 50 

Mobile phase gradient flow program 

Time (min) Mobile phase A (%) Mobile phase B (%) Flow rate (mL/min) 

00:00 50 50 0.30 

01:00 50 50 0.30 

01:10 5 95 0.30 

06:00 5 95 0.30 

06:10 50 50 0.30 

08:00 50 50 0.30 

MRM Data 

Molekul Q1 Mass (Da) Q3 Mass (Da) DP (volt) EP (volt) CEP (volt) CE (volt) CXP (volt) 

Ribavirin 1 245.136 113.1 46 3.5 14 15 4 

Ribavirin 2 245.136 96 46 3.5 14 37 4 

UPW Ultrapure water 

CFT Column furnace temperature 

 

MS/MS Terms; AB Sciex 3200 QTRAP was used as a mass spectrophotometry detector. Ionization was performed in positive or 

negative ion mode using the Electrospray Ionization (ESI) module. The scanning type was set as MRM (Multiple Reaction 

Monitoring), capillary voltage 4500V, curtain gas (30 psi), collision gas (medium), and ion source gas (50 psi) using nitrogen gas. 

The temperature of the TurboIon Spray module was fixed at 500℃. Analyte dependent parameters; Working standard solution 

containing 0.1 mg/kg of standard substance was used for DP (Declustering Potential), CE (Collision Energy), and CXP (Cell Exit 

Potential). Data analysis and graphics were obtained from the special program of the device based on Excel. 

RESULTS 

In this study, which we conducted with the 300 nm RSLN we prepared previously, no respiratory distress or death occurred in any of 

the experimental animals. All of them were monitored, including those kept for up to 24 hours. No changes were observed in 

respiration, food intake, and water drinking. In the first group (1/2h) of rats administered RSLN by aerosolization, the group's mean 

was calculated starting from the highest serum concentration of 5.45 µg/mL to the lowest level of 2.73 µg/mL. The mean of the first 

group was determined as 3.95 µg/mL. For the 2
nd 

group (1h), the highest serum RBV concentration was 3.99 µg/mL, the lowest was 

2.51 µg/mL, and the group mean was 3.12 µg/mL, respectively. At the end of the 2
nd

 hour, the highest serum concentration was 3.88 

µg/mL, the lowest was 2.35 µg/mL, and the group mean was 3.22 µg/mL. At the end of the 4
th

 hour, the blood concentration was 3.5 

µg/mL, the lowest was 1.68 µg/mL, and the group mean was 2.93 µg/mL. After 12 hours, the highest blood concentration was 4.01 

µg/mL, the lowest was 2.43 µg/mL, and the group mean was 3.13 µg/mL. After 24 hours, the highest blood concentration was 3.81 

µg/mL, the lowest was 2.29 µg/mL, and the group mean was 3.16 µg/mL. No drug residues were found in the control group. The 

mean serum RBV concentrations of the groups at 1/2,1,2,4,12, and 24 hours were sorted from largest to smallest in µg/mL and plotted 

(Figure 1). The mean serum RBV concentrations of the groups (excluding the 4
th

 hour) were between 3.95 (µg/mL/30 min) and 3.16 
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(µg/mL/24 hours). It was 2.93 µg/mL in 4 hours. The mean serum RBV concentration of the groups over time was given (Figure 2). 

The area under the curve AUC (Area Under the Curve) was calculated with the linear trapezoidal method and given in Figure 3. A 

high blood concentration indicates that respiration rapidly absorbs ribavirin into the blood. It reveals that ribavirin is metabolized 

slowly while it is attached to blood cells on the one hand. While the lung concentration of ribavirin given a single dose decreased 

rapidly, the blood concentration tended to decrease after 4 hours. 
For RBV lung tissue concentrations, within-group tissue concentrations of 6 groups (n=8) were listed (Figure 4). The course of the 

group averages was followed from the first group (1/2 h) to the last group after 24 h. RBV concentrations accumulated in the lung 

tissue were ordered from the highest (2.544 µg/g) to the lowest (0.442 µg/g) and averaged (1.47 µg/g) (Figure 5). 

 

Fig. 1: Serum RBV highest, lowest and mean concentration by groups 

 

 

Fig. 2: Change of serum mean RSLN values of groups (n=8) over time 
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Fig. 3: Graph of serum mean RSLN concentration/time of groups (n=8). Note: (      )-Gr. Mean C (μg/mL), 

(      )-AUC (μg/Ml-h) 

 

Fig. 4: RBV lung tissue concentrations and groups mean value 

 

Fig. 5: Change of lung mean RSLN values of the groups (n=8) over time (1/2-24 h). Note: (      )-Gr. Mean 

C (μg/g), ( )-t in min 
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RSLN lung tissue concentration was highest at 3.78 µg/g, lowest at 1.4 µg/g, and group mean at 2.544 µg/g in 1/2 hour. In the 1
st
 

hour, the highest was 3.96 µg/g, the lowest was 0.628 µg/g, and the group mean value was 2.0085 µg/g. At the end of the 2
nd

 hour, 

the highest was 2.52 µg/g, the lowest was 0.842 µg/g, and the group mean value was 1.874 µg/g. At the end of the 4
th

 hour, the 

highest was 1.488 µg/g, the lowest was 0.672 µg/g, and the group mean value was 1.2115 µg/g. At the 12
th

 hour, the highest 0.982 

µg/g, the lowest 0.466 µg/g, and the group mean value were found to be 0.7312 µg/g. At the 24
th

 hour, the highest 0.978 µg/g and the 

lowest 0.1908 µg/g and group mean value were determined as 0.4425 µg/g. The area under the curve was calculated using the linear 

trapezoidal method and given graphically (Figure 6). The result found by the Linear Trapezoidal Method (AUC=1/2(C1+C2)(t2-t1) was 

divided by the total elapsed time (0,652 µg/g-24h). Statistical data are given in Table 2. 

 

Fig. 6: Calculation of the area under the curve using the linear trapezoidal method in the lung mean 

RSLN concentration/time graph of the groups (n=8). Note: (       )-Accumulation in the lung (Linear 

trapezoidal method. AUC (μg/g-h), (       )-Gr. Mean C (μg/g) 

 

Table 2: Statistical data for the results found by the Linear Trapezoidal Method 

Variant GR N Mean ± Std. Deviation Median (Q1-Q3) P 
Multiple 

comparisons 

Lung RBV 

R1 8 127.20 ± 42.25 122.50 (93.30-163.50) 

<0.001
**

 

1-4,1-5,1-6,2-4,2-

5,2-6,3-4,3-5,3-

6,4-5,4-6,5-6 

R2 8 100.43 ± 56.92 101.80 (49.20-136.00) 

R3 8 93.70 ± 29.08 97.55 (73.70-119.50) 

R4 8 60.58 ± 21.86 60.10 (43.20-71.20) 

R5 8 36.56 ± 8.37 35.85 (31.35-42.85) 

R6 8 22.13 ± 15.83 15.70 (11.28-32.30) 

Blood RBV 

R1 8 790.25 ± 179.03 774.00 (656.50-912.50) 

0.040
*
 1-2,1-3,1-4,1-5,1-6 

R2 8 624.75 ± 120.90 614.50 (513.00-721.00) 

R3 8 643.63 ± 95.61 647.50 (599.50-704.50) 

R4 8 586.13 ± 119.07 601.00 (546.00-679.50) 

R5 8 625.38 ± 122.88 611.50 (520.00-725.00) 

R6 8 632.13 ± 94.28 643.50 (583.50-692.00) 

Note: 
*
 One-way Analysis of Variance (ANOVA), 

**
 Kruskal-wallis one-way analysis of variance on ranks 
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RSLN lung tissue concentration analysis 50 ppm spike, lung tissue RBV calibration, and RBV ion were monitored in HPLC-MS/MS 

device (Figures 7-9). 

 

Fig. 7: Example of 50 ppm spike of lung RBV. Note: (    )-XIC of +MRM(2 pairs): 245.136/113.100 Da 

ID:RIBAVIRIN 1 from sample 64 (RIB 50 ppm spike) of lung samples Max. 2.5e4 cps 

 

 

Fig. 8: Lung RBV calibration result. Note: (    )-Lung Rbv calibration result rdb (RIBAVIRIN 1) “Linear” 

Regression (‘1/x’ weighting) y=1.25e+003x+333 (r=0.9998) 
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Fig. 9: Ribavirin product ion in lung sample. Note: (     )-+MS2 (245.14) CE(50): 26 MCA scans from 

sample 1 (Tune sample name) of RIBAVIRIN_InitProduct_Pos.wiff (Turbo spray) 

DISCUSSION 

As a route of administration for end-organ or systemic therapies in treating pulmonary diseases, the lung is a very attractive target for 

drug release. The lung is the only organ through which the entire cardiac output passes. It is the best-perfused organ in the body as it 

receives the entire cardiac output. So it may provide an enormous surface area for the systemic absorption of drugs. Its low enzymatic 

interaction also provides a controlled environment. It therefore, allows direct access to the disease in treating respiratory diseases. The 

lung exists to prevent unwanted particles in the air from entering the body under normal conditions. Airway geometry, moisture, 

mucociliary clearance, and alveolar macrophages play a vital role in maintaining the sterility of the lung. However, these are also 

barriers to the therapeutic efficacy of inhaled drugs [38]. Several hurdles must be overcome before an inhaled drug can be absorbed 

from the lung into the blood: lung surfactant, surface coating fluid, epithelium, interstitium, basement membrane, and endothelium. A 

thin alveolar-vascular permeable barrier regulates drug absorption. The number of alveoli ranges from 200 to 600 million, creating an 

enormous epithelial surface area comprising a single thin cellular layer (0.2-0.7 µm thick). The high bioavailability of 

macromolecules deposited in the lung (10-200 times greater than nasal and gastrointestinal values) is owed to this enormous surface 

area. Ultimately, direct delivery of drugs to the lungs; provides a rapid clinical response, reduced risk of undesirable side effects, 

escape from first-pass metabolism, independence from gastrointestinal system problems, the possibility of treatment with a very small 

dose, being free from many enzymatic inactivations, absorption with an average of 100 m
2
 of enormous permeable absorbent surface 

in the alveolar region, ease of excretion and a non-invasive application advantage. 

Treatment efficiency varies according to the methods of using inhaled drugs in lung diseases. One of the important factors affecting 

treatment efficiency is the structure of the drug molecule. Molecules that are easy to dissolve in water, such as ribavirin, are important 

and advantageous [39,40]. Today, sophisticated techniques and different uses of drugs are available. Optimization of the 

physicochemical properties of different molecules with various techniques pushes the genius of engineering [21,41]. It includes the 

various molecular structures of RBV. With the use of RBV in aerosol form by dissolving it in water in the past, studies conducted by 

many researchers [42,43], have been adopted by health authorities, and its use in treatment has been increased. The ability of RBV to 

be transported to the lungs in the form of an aerosol that can be administered to the depths of the lung tissue and the systemic 

circulation is possible if the molecular characterization and its carriers are compatible and efficient. According to the common 

opinion, the most suitable particle size is 3 µm RBV molecules. It is considered efficient that the drug molecule is 1-5 µm in size, and 

it is known that 3µ particles are used most effectively in lung therapy. Apart from RBV, anti-inflammatory steroids, β2 agonists for 

asthma, and antibacterial and antimycotic drugs have also been shown to penetrate the lungs more deeply when aerosols of different 

sizes (1.5 µm, 2.8 µm, and 5 µm) are given in equal doses. These particles were found to be more effective in small airways. Only a 

local effect was obtained from the larger particles filtered in the upper respiratory tract [44-46]. The long terminal half-life of 

ribavirin (120-170 h) makes both pulmonary and systemic bioavailability ideal when administered as an aerosol. Therefore, with a 

drug with a well-designed molecular design, the entire lung surface area becomes the target treatment area. It allows a high 

accumulation of drug molecules that cannot be compared with enteral administration routes [39,47]. 
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The difficulty with therapeutic aerosols is their ability to transcend the lung's various lines of defense. Drug particles deposited in the 

conducting airways are primarily removed by mucociliary clearance and, to a lesser extent, absorbed into the blood or lymphatic 

system via the airway epithelium. In addition, the rheology of the mucus must be within the physiological range. Most particles larger 

than 10 µm attach to the larynx or accumulate in the oropharyngeal region. It is then swallowed and contributes minimal or no 

therapeutic response. Since the air velocity is negligible in the alveolar region, precipitation by inertia impact is zero. Deposition due 

to sedimentation affects particles up to 0.5 µm in diameter, while below 0.5 µm, the main sedimentation mechanism is diffusion. The 

actual deposition site is difficult to predict because airway caliber and anatomy differ between humans. However, overall, aerosols 5-

10 µm are destined mainly in the large conductive airways and oropharyngeal region, particles 1-5 µm in diameter in small airways, 

>50% of particles ≤ 3 µm in diameter are directed to the alveolar [48]. In this study, the ideal particle size for the lung (3µ) was tested 

in producing and characterizing ideal RSLN molecules [35]. Excluding drug wastage and price through whole-body exposure, its 

efficacy is kinetic [49]. When the drug is given by free inhalation, its adaptation to humans can be calculated by proportioning the 

surface area [15,27,34,37,50]. Preclinical data on clinical inhaled drugs are adapted using a fixed allometric exponent of 0.67. These 

estimated allometric calculations for RBV, depending on age and other variables, have been made for many years [1,19,34]. 

The delivery method is as important as the appropriate particle size (mass median diameter) in efficiently delivering the molecule to 

the lung. Similar to human models, experimental animals take drugs by free breathing in a closed environment without behavioral 

restrictions. All aerosol drugs whose target is humans can be used by adapting studies on experimental animals to humans. Although 

some methods that limit force or invasive respiration are more efficient, similar use in humans is impossible. The situation is similar 

in experiments performed under anesthesia. Regardless of the method of administration, the delivery of drugs to the lungs and 

distribution to the central compartments has different PK/PD data from the normal routes of use [38,51,52]. In aerosol therapies, the 

accumulated dose and distribution in the lung limit the therapeutic effect. The receptor site or permeable membrane region in the lung 

limits the efficacy of drug aerosol [53]. For example, the location of the receptors in the lung suggests that ipratropium bromide 

should be delivered to conductive airways. 

In contrast, salbutamol should be delivered more peripherally to the medium and small airways to produce a therapeutic effect. Unlike 

bronchodilators, inhaled anti-inflammatory therapy is most beneficial when distributed evenly throughout the lung, as inflammatory 

cells are found in the airways and alveolar tissue. Therefore, aerosol particle size properties may play an important role in efficacy in 

targeting the drug to the appropriate lung region and avoiding physiological barriers of the lung [41]. 

RSLN shows rapid accumulation in the lungs. Even with aerosolization, a certain blood concentration can be achieved in a very short 

time. Ribavirin concentrations occur two to three times higher even after high-dose, short-term treatment [43]. İt causes the 

accumulation of enterally and parenterally administered drugs in target organs outside the lung in lower amounts than those 

administered by aerosolization [51]. In studies, the accumulation in the brain is interpreted as the first-pass effect of drugs given other 

than aerosolization [52]. Although the dose given by aerosolization in the form of exposure is wasted, direct delivery to the lung as a 

target, very wide lung absorption surface, optimum particle size (3µ), and being away from anesthesia and stress of the subjects 

increase the level of presence in the central compartment [7,37,46,53]. 

The efficacy of ribavirin, including passive inhalation, has been experimentally tested in mice, cotton rats, ferrets, rats, guinea pigs, 

monkeys, and dogs [3,43,54]. Nebulizer is widely used effectively and efficiently today in delivering drugs to the lungs in humans. 

Although drug delivery with a nebulizer is easier than intra-tracheal instillation of large volumes of fluids, losses in reservoir drug 

dose and dosing difficulties are important dilemmas. Significant loss of drug dose occurs in the reservoir of the aerosol generator, 

piping, animal, accessories (aerosolization chamber), and during exhalation of the animal. It has been argued that passive inhalation 

cannot be preferred for expensive drugs because this loss causes the dose not to be well controlled [21,49]. However, since other 

methods have difficulties or require invasive intervention, their use in humans is limited. Despite the waste of the drug, the 

applicability of animal experiments with passive inhalation away from stress to humans seems more reasonable. As a matter of fact, 

systems that allow passive inhalation are used in infants and children by closing the head-neck region [10,53]. In the case of total 

exposure, the dose calculation can be formulated as follows. 

     
                                                                 

           
.  

The total inhaled dose is calculated over C (mg/L) × T(min) x RMV (L/min) [3,45]. Although there are losses in this formulation, the 

bioavailability can be calculated approximately based on the respiratory volume per minute and the dose. The dose losses of drugs 

that undergo first-pass effect, are not resistant to stomach acid, or are highly affected by intestinal fermentation are not small. In 

addition to these large losses of entirely administered drugs, their presence in the respiratory tract is lower than those given by 
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aerosolization. On the other hand, in enteral drug use, the active molecule is loaded on the whole organism. In drugs administered by 

passive aerosolization, the target is the lungs. Since transmission occurs directly, there is an effective regional treatment [41,52,55]. 

Although the blood RBV concentration is relatively higher in the first two hours, a portion of the virus has sufficient MIC for 24 

hours. Studies measured serum RBV concentration as 3.95 µg/mL 30 minutes after a single dose aerosol application. MIC is 

sufficient for most known DNA and RNA viruses [52,56]. The fact that the blood concentration is 3.25 µg/mL for 24 hours with a 

single inhalation dose can be explained by the molecular character of RBV, its retention in blood cells, and its intracellular 

penetration ability [10]. It would not be wrong to say it like this. RBV tends to collapse over time as it is rapidly converted to its 

phosphorylated derivatives. Ribavirin Triphosphate (RTP) is similar in structure to ATP. For this, it competitively inhibits ATP-

dependent energy use in red blood cells. Due to the absence of dephosphorylation enzymes in erythrocytes, RTP accumulates over 

time [14]. İt can also lead to hemolytic anemia. The severity of anemia is highest in cynomolgus monkeys, followed by humans, rats, 

and dogs [32]. 

The RSLN molecule we characterize can provide maximum plasma concentration in half an hour with a 96 hour inhalation. The 

blood concentration obtained with inhaled RSLN was similar to previous oral ribavirin PK studies. However, it is lower than the 

concentration created by the IV dose. The tendency for total body exposure to decrease over 24 hours is quite slow. This may be due 

to continued oral ingestion of RBV residues. After a single dose of RBV whole-body exposure, the concentration calculated by the 

linear trapezoidal method for 24 hours was 35.11 µg/mL. Although higher than oral use, a lower concentration than IV administration 

can be mentioned. This level of concentration is sufficient for most RNA-carrying viruses [3]. In the case of drug administration in 

the form of nanoparticle aerosol exposure, the efficiency of the whole body exposure, the freedom to be used without stress, the 

freedom to be used unlimitedly, the simplicity and cheapness of the mechanism, and the ability to control the temperature, humidity, 

and gas flow with the drug are the superior aspects [37,46]. Lung tissue RBV level is detectable even after 24 hours with a gradual, 

steady decrease (2.54-0.44 µg/g). Although the lung tissue RBV concentration decreases at 1/2-24 hour level, its average is 1.47 µg/g. 

Although this decreasing trend falls below 1 µg/g after the 4
th

 hour, it is possible to detect RBV at 0.4 µg/g in the lung tissue even 

after 24 hours [36]. Similarly, in comparing the ribavirin inhaler standard and short-term/high-dose treatment in RSV patients, short-

term high-dose treatment was effective [14]. Indeed, researchers found a survival rate of over 90% after a single 30-minute exposure 

on days 1-4 in treating influenza A and B infection. Therefore, there is success in short-term treatments without resistance [38]. 

CONCLUSION  

Research in the field of pulmonary drug delivery has gained momentum in recent years. With increasing interest in using the lungs as 

a delivery vehicle systemically, technological advances have led to the development of more efficient delivery systems that deliver 

larger doses and finer particles to the lung. As more efficient pulmonary delivery devices and sophisticated formulations become 

available, physicians and healthcare professionals will choose various device and formulation combinations to target specific cells or 

regions of the lung, avoiding and retaining the lung's clearance mechanisms. Just having inhalation therapy is not enough for 

prescribing. Therefore, it is necessary to focus on treatments that are easily applicable and prioritize patient welfare, both in the drug's 

molecular character and the efficiency of the treatment. Although the differences between the groups in the blood concentration of the 

given RSLN drug are remarkable, accumulation in the lung is highly significant (p<0.001). A sufficient and significant concentration 

occurs from the 4
th

 hour after ingestion of the drug through the lung. Although dose calculation of whole-body exposure, drug cost, 

and PK/PD efficiency level is problematic, It is applicable to avoid stress and to take environmental conditions under control. Apart 

from the invasive methods used in treatment, all body openings are worth evaluating by developing sophisticated new methods as 

potential treatment targets. This situation; will ensure the continuous development of new ideas, practices, and efficiency regarding 

the future of treatment methods. Just as the conventional treatment potential for diabetes, contraception, and chemotherapeutic areas 

has been optimized in the last 80 years, aerosol treatment methods can be optimized over time by minimizing their errors. 
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