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Ciclesonide is a novel inhaled corticosteroid widely used for the prophylactic 

management of persistent asthma and allergic rhinitis owing to its potent anti-

inflammatory activity, high pulmonary deposition, and low systemic 

bioavailability. As a prodrug, ciclesonide is enzymatically converted in the 

lungs to its active metabolite, desisobutyryl ciclesonide, resulting in enhanced 

therapeutic efficacy with reduced systemic adverse effects. This analytical 

profile provides a comprehensive overview of the physicochemical, analytical, 

pharmacological, pharmacokinetic, and toxicological characteristics of 

ciclesonide. The review summarizes its nomenclature, chemical structure, 

synthesis, physicochemical properties, solubility, partition coefficient, melting 

behavior, hygroscopicity, and crystallographic characteristics. Various 

analytical techniques employed for its identification and quantification, 

including UV-visible spectroscopy, Fourier-transform infrared spectroscopy 

(FTIR), nuclear magnetic resonance (¹H and ¹³C NMR), differential scanning 

calorimetry (DSC), thermogravimetric analysis (TGA), powder X-ray 

diffraction (PXRD), liquid chromatography-mass spectrometry (LC-MS/MS), 

high-performance liquid chromatography (HPLC), high-performance thin-layer 

chromatography (HPTLC), and gas chromatography-mass spectrometry (GC-

MS), are critically discussed. The review also highlights stability-indicating 

analytical methods and forced degradation studies under acidic, alkaline, 

oxidative, thermal, and photolytic stress conditions, emphasizing the 

degradation behavior and stability profile of the drug. Furthermore, the 

pharmacokinetic, pharmacodynamic, and toxicological properties of 

ciclesonide are summarized to provide a complete understanding of its 

therapeutic potential and safety. This review serves as a valuable reference for 

researchers, formulation scientists, quality control analysts, and regulatory 

professionals involved in the development, characterization, and quality 

assessment of ciclesonide and its pharmaceutical formulations. 
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1. INTRODUCTION: 
1.1. Nomenclature 

1.1.1. Systematic Chemical Names 

• (11 β, 16 α) - 16, 17 - [(R) - 

cyclohexylmethylene] bis (oxy)11 – hydroxy – 

21 - (2 – methyl - l- oxopropoxy) pregna - l, 4 

diene- 3, 20- dione. (1) 

• [2 - [(1S, 2S, 4R, 6R, 8S, 9S, 11S, 12S, 13R) – 

6 – cyclohexyl – 11 – hydroxy - 9, 13 – dimethyl 

– 16 – oxo - 5, 7 - dioxapentacyclo [10.8.0.02, 

9.04, 8.013, 18] icosa-14, 17- dien- 8- yl] – 2 - 

oxoethyl] 2-methylpropanoate. (2) 

• ([R]-11 beta,16 alpha,17,21-

tetrahydroxypregna-1,4-diene-3,20-dione 

file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
file:///C:/Users/Vikas%20Pandey/Documents/jmolecular/temp/.(https:/creativecommons.org/licenses/by-nc/4.0/)
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cyclic 16,17-acetal with 

cyclohexanecarboxaldehyde 21-

isobutyrate).(3) 

 

1.1.2. Nonproprietary Name 

Ciclesonidum (4) 

 

1.1.3. Proprietary Names 

Alvesco ®, Omnaris ®, Zetonna ® (5) 

Ciclesonide systemic (6) 

Proprietary name: Alvesco ® 

 

Ciclesonide nasal (7) 

Proprietary names: Omnaris ®, Zetonna ® 

 

1.2. Formulae  

 

1.2.1 Empirical Formula, Molecular Weight, CAS 

Number  
Drug Empirical 

Formula 

Molecular 

Weight 

CAS 

Number 

Ciclesonide C32H44O7 540.697 

g/mol 

126544-47-6 

 

1.2.2. Structural formulae 

 

 
Fig. 1. Structure of Ciclesonide. 

 

1.3. Elemental Analysis: (7) 

 
Ciclesonide C, 71.08 H, 8.20 N, 20.71 

 

1.4. Appearance: 

Ciclesonide is near about white to off-white solid 

powder.  

 

1.5. Uses and Applications: 

Ciclesonide, marketed as Alvesco®, represents a 

novel synthetic inhaled corticosteroid (ICS) with 

unique pharmacokinetic (PK) and 

pharmacodynamic (PD) characteristics. It is 

prescribed for the prophylactic management of 

persistent bronchial asthma in both adult and 

pediatric populations, as well as for allergic rhinitis 

treatment. (8) Administered via a hydrofluoroalkane 

(HFA) metered-dose inhaler (MDI), devoid of 

chlorofluorocarbons, ciclesonide undergoes 

metabolic conversion to an active metabolite upon 

inhalation, conferring therapeutic effects in 

asthmatic patients. Notably, both ciclesonide and its 

active metabolite exhibit minimal systemic 

bioavailability, thus reducing the likelihood of 

systemic adverse events. Studies have demonstrated 

the efficacy of inhaled ciclesonide delivered through 

an HFA-MDI in preventing asthma exacerbations 

across diverse age groups, including adults, 

adolescents, and children, with generally favorable 

tolerability. 

 

Research findings indicate that ciclesonide improves 

lung function, alleviates asthma symptoms, and 

diminishes the need for rescue medication in adult 

and adolescent patients with varying asthma severity 

levels. Its effectiveness in preserving or enhancing 

lung function is comparable to that of other inhaled 

corticosteroids, with potential advantages in 

tolerability over certain agents within the same class. 

Furthermore, ciclesonide has shown promise in 

pediatric patients with asthma. Further exploration 

of its long-term effects on additional clinical 

outcomes, such as asthma exacerbations, is 

warranted. 

 

Overall, ciclesonide represents a compelling and 

well-tolerated first-line prophylactic treatment 

option for persistent asthma. (9) 

 

2.0. METHOD OF PREPARATION: (10) 

Two distinct synthetic approaches for chiral 

ciclesonide are detailed in the patent literature. The 

first method incorporates a chiral resolution step, 

while the second employs a stereoselective trans-

acetalization strategy. The initial synthesis of 

ciclesonide begins with the reaction between (11β, 

16α)-16,17-[(R)-cyclohexylmethylene]bis(oxy)11-

hydroxy-21-(2-methyl-l-oxopropoxy) pregna-l,4-

diene-3,20-dione (1) and isobutyric anhydride, 

resulting in the tri-isobutyl ester with an 87% yield. 

Subsequently, the tri-ester undergoes a reaction with 

cyclohexanecarboxaldehyde in the presence of 

hydrochloric acid and 70% perchloric acid, leading 

to the formation of cyclohexane acetal 3. This 

compound is then separated into the desired 

ciclesonide isomer (I) through either HPLC or 

recrystallization. 

 

 
Fig.2. Method of preparation of Ciclesonide.(11) 

 

3.0. PHYSICAL PROPERTIES 

3.1. Ionization Constants:  

pKa = 14.78 
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3.2. Solubility Characteristics: 

Very soluble in dichloromethane; practically 

insoluble in water (0.00157 mg/mL) and freely 

soluble in methanol (12)  
 

3.3. Partition Coefficient: (13) 

logP = 5.32 in n-octanol/water. 

 

3.4. Hygroscopicity: 

No observable Hygroscopicity. 

 

3.5. Optical activity: 

Specific optical rotation (2.4.22). +90.0° to +98.0°, 

determined in a 0.5 per cent w/v solution in 

methanol  

 

3.6. X-Ray Powder Diffraction Pattern: (14) 

X-ray powder diffraction analysis of ciclesonide was 

conducted using a Stoe IPDS diffractometer at a 

temperature of T = 298(2) K, employing Mo-Kα 

radiation (λ = 0.71073 Å). The measured 2θ range 

spanned from 1.908 to 24.398. All crystallographic 

calculations were performed using the ELXLT 

program package, with refinement executed via the 

full-matrix least squares method (G. M. Sheldrick, 

“SHELXS-97 and SHELXL-97, Program for 

Crystal Structure Solution and Refinement,” 

University of Gottingen, Gottingen, 1997. - 

References - Scientific Research Publishing, n.d.). 

The positions of hydrogen atoms were refined 

isotropically, resulting in a goodness-of-fit value of 

0.764 and the following R-values (with I > 2σ(I)): 

R1 = 0.0494, wR2 = 0.0896. 

 

 
Fig.3. Powder X-ray diffraction patterns of Ciclesonide. 

 

Powder X-ray diffraction patterns (in transmission 

mode) were obtained for X-ray amorphous 

ciclesonide, ciclesonide isothermally recrystallized 

for 3.5 hours at 110°C, and solid residue from 

saturation solubility determination (stirred for 24 

hours in H2O at 37°C), and these were compared 

with the simulated powder diffraction pattern 

derived from single crystal data of ciclesonide. It is 

established through polymorphism screening, 

monitored by powder X-ray diffraction, that 

ciclesonide exists solely in one polymorphic form. 

 

The orthorhombic needles are assigned to the space 

group P212121, with lattice constants of a = 

6.638(1) Å, b = 14.079(3) Å, c = 32.870(7) Å, and α 

= β = γ = 90°, accommodating four independent 

molecules in the unit cell. The crystal structure 

obtained elucidates the configuration of all chiral 

centers. The steroid structure appears nearly planar, 

with axial orientation of substituents on C(10), 

C(11), and C(13). The side chain on ring D is cis to 

the neighboring methyl group on C(13), and 

correspondingly, the acetal moiety is trans to C(13). 

The cyclohexyl substituent on acetal carbon C(22) is 

cis (syn) to the steroid skeleton, imparting a curved 

structure to the molecule. 

 

Crystalline ciclesonide displays a powder X-ray 

diffraction pattern featuring sharp Bragg reflexes 

within an angular 2θ range of 40°C. 

 

Crystal Data and Structure Refinement for 

ciclesonide(15) 

 
 

3.7. Melting Behavior: 

Ciclesonide melts at 209 - 211 °C. 

 

3.8. Differential Scanning Calorimetry: 

DSC scans were conducted using a dynamic 

differential scanning calorimeter (DSC Q1000) from 

TA Instruments, operating within a temperature 

range of 40°C to 300°C. Dry nitrogen served as the 

purge gas at a flow rate of 50 mL/min. For the 

determination of calibration curves (amorphous 

content versus recrystallization enthalpy), a heating 

rate of 20 K/min was applied. Screening the 

detection limit (1% amorphous content) involved 

employing heating rates of 10, 20, 30, 50, and 100 

K/min. 

 

Before conducting the DSC sample scans, a T4P 

calibration was performed, which included 

calibrations for baseline, cell constant, onset slope, 

cp constant, and indium melting point temperature. 

This calibration was carried out for heating rates of 
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10, 20, and 100 K/min. 

 

 
Fig.4. Differential scanning calorimetry (DSC) can of (a) 

crystalline and (b) X-ray amorphous ciclesoinde at a heating 

rate of 10 K/min. 

 

The DSC curves of ciclesonide exhibit two 

prominent signals: an exothermal peak associated 

with recrystallization and an endothermal signal 

indicating melting. The broad exothermal signal 

observed within the temperature range of 60 to 

100°C is likely attributed to the liquid-gas phase 

transition process of the residual solvent tert-

butanol. 

 

3.9. Thermogravimetric analysis: 

Thermogravimetric analysis was performed using a 

Hi-Res TGA 2950 thermogravimetric analyzer from 

TA Instruments. Approximately 5 mg of the sample 

was precisely weighed into a platinum TG pan for 

each measurement. The weight change of the sample 

was monitored over a temperature range of 30°C to 

250°C with a heating rate of 10 K/min. Additionally, 

¹H-NMR spectra of ciclesonide were recorded in 

CDCl using a Bruker 200 MHz NMR spectrometer 

(DPX 200). 

 

3.10. Spectroscopy: 

3.10.1 Ultraviolet Spectroscopy:  

The UV absorption spectrum of ciclesonide in 

methanol, shown in the figure, was recorded using a 

UV-visible double beam spectrophotometer (Model 

UV2012). The compound exhibited a maximum 

absorption at 225 nm. The analysis was conducted at 

a temperature of 25 ± 1 ºC. (16) 

 

 
Fig.5. UV Spectra of Ciclesonide. 

 

3.10.2. Infrared Spectral Studies: 

Fourier-transform infrared spectroscopy (FT-IR) is a 

valuable technique for confirming the formation of 

inclusion complexes. FT-IR spectra of ciclesonide 

(CIC) is presented in Figure 06. 

 

 
Fig.6. Structural details of Ciclesonide. 

 

The FT-IR spectrum of ciclesonide (Figure 06) 

shows bands around 1121 cm⁻¹, 1063 cm⁻¹, and 1178 

cm⁻¹, which are attributed to C-O stretching 

vibrations in secondary alcohols and asymmetric C-

O-C-O-C stretching vibrations in acetals. The region 

around 1242.55 cm⁻¹ corresponds to C-O stretching 

vibrations in esters within ciclesonide. The 

absorption peaks in the 1402.13-1465.96 cm⁻¹ range 

are due to CH₂ and CH₃ asymmetric and symmetric 

deformation vibrations of methyl, isopropyl, and 

cyclohexyl groups. The peak at 1663.83 cm⁻¹ is 

assigned to the C=O stretching vibration of α,β-

unsaturated carbonyl groups. The absorption peak 

around 1753.19 cm⁻¹ is associated with the C=O 

stretching vibration of ketones and esters. 

Additionally, asymmetric and symmetric stretching 

vibrations of CH and CH are observed at 2920 cm⁻¹, 

aligning with literature reports. 
 

 
Fig.7. IR Spectra of ciclesonide. 
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3.10.3. Nuclear Magnetic Resonance 

Spectrometry: 

3.10.3.1. 1 H-NMR Spectroscopy: 

The ¹H-NMR spectrometric method measures the 

tert-butanol content by comparing the integral ratios 

of the singlet proton signal from the three methyl 

groups of tert-butanol (at a chemical shift of 1.27 

ppm) to the signal from the olefinic H2 proton of 

ciclesonide (at a chemical shift of 6.29 ppm) in the 

¹H-NMR spectra. The results from both methods 

were consistent, showing that the samples used in 

the investigations contained less than 0.6% (w/w) of 

tert-butanol. 

 
Fig.8. 1 H-NMR values of ciclesonide. 

 

 
Fig.9. 1 H-NMR spectrum of Ciclesonide. 

 

 

 
Fig.10. Corresponding assignments of 1 H NMR spectrum of 

Ciclesonide 

 

3.10.3.1. 13 C-NMR Spectrum: 

 
Fig.11. 13 C-NMR values of Ciclesonide. 

 

 
Fig.12. 13 C-NMR spectrum of Ciclesonide. 
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Fig.13. Corresponding assignments of 13 C NMR spectrum of 

Ciclesonide. 

 

3.11. Mass Spectrometry: 

LC-APPI-MS/MS analysis: (17)  

The LC system utilized a Shimadzu HPLC with LC-

20AD pumps and a SIL-20AC HT injector. 

Separation occurred on a Phenomenex Synergi 

MAX-RP column (50 × 2 mm, 4 μm, 80 Å) with a 

gradient mobile phase flowing at 0.60 mL/min, 

unless specified otherwise. The mobile phases 

consisted of 0.01% acetic acid in water-acetone 

(90/10, v/v) as mobile phase A, and 0.01% acetic 

acid in acetonitrile-acetone (90/10, v/v) as mobile 

phase B. The gradient elution was performed as 

follows: 45%–100% B from 0.01 to 1.70 min, 100% 

B from 1.70 to 2.30 min, 100% B with the flow rate 

increased from 0.60 to 1.60 mL/min from 2.30 to 

3.20 min, 100% to 45% B with the flow rate 

decreased from 1.60 to 0.60 mL/min from 3.20 to 

3.30 min, and 45% B with a flow rate of 0.60 

mL/min from 3.30 to 4.70 min. The retention times 

were 2.25 min for CIC and IS1, and 1.40 min for 

des-CIC and IS2. 
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The HPLC system was connected to an API 5000 

triple quadrupole mass spectrometer (SCIEX) with 

an APPI source in negative mode. The source 

temperature was set at 300 °C, and the sprayer 

voltage was −800 V. Nitrogen served as the collision 

gas at a setting of 4. Multiple reaction monitoring 

was used for the MS/MS transitions of m/z 

599.2→339.1 for CIC, 529.2→357.2 for des-CIC, 

610.4→339.1 for CIC-d11 (IS1), and 540.4→357.2 

for des-CIC-d11 (IS2). Collision energies were 26 

eV for CIC and CIC-d11, and 21 eV for des-CIC and 

des-CIC-d11, with a dwell time of 70 ms per 

transition. Calibration curves and concentrations of 

QCs and unknown samples were calculated using 

the peak area ratios of the analyte to the internal 

standard (IS). Data acquisition, peak integration, and 

concentration calculations were performed using 

Analyst® 1.4.2 software from SCIEX. 

 

 
Fig.14. LC-MS spectra of Ciclesonide. 

 

4.0. METHODS OF ANALYSIS: 

4.1. Identification: 

4.1.1. Infrared spectrum: 

The spectra were recorded either on a Fourier 

Transform infra-red Spectrophotometer (FTIR).  

 

 
Fig.15. FTIR spectrum of Ciclesonide. 

Interpretation of the infrared spectrum for 

ciclesonide involves identifying characteristic peaks 

and proposing their assignments. (18) 

 

IR Data and proposed assignment for ciclesonide. 

 
 

4.1.2. High-performance liquid chromatography 

Sample Preparation for HPLC Analysis:  The 

stressed sample of ciclesonide was diluted with 10 

ml of the mobile phase before being injected into the 

HPLC system. Prior to both HPLC and LC-MS 

analyses, all samples were purified by filtration 

using a 0.22 μm membrane filter. 

 

HPLC Parameters: 

Column: C18 Cromasil  

Mobile phase Methanol: Water (95:05)  

pH: 3  

Injection volume: 20 µl 

Flow rate: 0.9 ml/ min 

Detector: Photodiode Array Detector (PDA) 

Wavelength: 225 nm  

Run time: 12.14 min 

 

 
Fig.16. Chromatogram of ciclesonide 50 ppm. 

 

Under the optimized chromatographic conditions, 

ciclesonide eluted as a symmetrical peak, achieving 

satisfactory resolution and providing a suitable 

analysis time, with a retention time of approximately 

7.5 minutes. 

Post-study, we could depict from the data that the 
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sample solution was stable for nearly 48 hours at 

ambient temperature. 

 

4.2. Assay by liquid chromatography: 

The test solution was prepared by dissolving 50 mg 

of the substance under examination in 50.0 ml of 

methanol. Then, 5 ml of this solution was further 

diluted to 50.0 ml with methanol. For the reference 

solution, a 0.01% w/v solution of ciclesonide RS in 

methanol was used. 

 

4.3 Chromatographic system: 

A chromatographic analysis was conducted using a 

stainless-steel column with dimensions of 25 cm by 

4.6 mm. This column was packed with octylsilane 

bonded to porous silica particles, each with a 

diameter of 5 µm. The mobile phase consisted of a 

mixture of 30 parts 0.1% orthophosphoric acid and 

70 parts acetonitrile. The flow rate was maintained 

at 1.5 ml per minute, and the detection was carried 

out at a wavelength of 245 nm. The volume of the 

sample injected into the system was 20 µl. 

 

4.4. Chromatographic Methods of Analysis: 

4.4.1 HPTLC Chromatography: 

High-performance thin-layer Chromatography 

(HPTLC) analysis utilized 60 F254 pre-coated 

silica-gel aluminium plates measuring 20 x 10 cm 

with a layer thickness of 0.2 mm. Prior to 

chromatography, the plates underwent washing with 

methanol and activation at 60°C for five minutes. 

The TLC sampler employed was the Linomat V 

(Automated) from Camag, Muttenz, Switzerland, 

controlled by Win CATS software v1.3.3. Band 

width was set at 6 mm, and 20 x 10 cm twin trough 

glass chambers from Camag were used. The mobile 

phase consisted of toluene:ethyl acetate:formic acid 

(7:3:0.1) v/v/v, with a total volume of 20 ml. The 

chamber saturation time with the optimized mobile 

phase was 20 minutes at room temperature (25°C ± 

2) and a relative humidity of 60% ± 5. Continuous 

ultraviolet radiation between 180 nm to 400 nm was 

emitted by a D2 lamp. Densitometric scanning was 

conducted using a Densitometric Scanner III, with 

slit widths set at 6.0 mm x 0.45 mm and a scanning 

speed of 10 mm S-1. Detection wavelengths were 

242 nm for Ciclesonide and 236 nm for Fluticasone 

propionate. The evaluation involved measuring peak 

areas with linear regression for each plate. 

 

 
Fig.17. HPTLC Chromatogram. 

Gas chromatography: (19-20) 

Experimental conditions: 

The gas chromatography analysis was conducted in 

positive ionization mode with an ionization energy 

of 70 electron volts (eV). A single quadrupole 

instrument was utilized, and the spectrum was 

predicted by CFM-ID(EI). The mass resolution 

achieved was 0.0001 daltons (Da). The 

chromatography involved the use of a GC column. 

The molecular formula of the compound under 

investigation is C32H44O7, with a monoisotopic 

mass of 540.3087 Da. 

 

 
Fig.18. Gas chromatograph of ciclesonide. 

 
Table 1. Data interpretation of Gas chromatograph. 

m/z Intensity Formula 

42.0464 14.02 

 
43.0542 100.00 

 
71.0491 65.27 

 
81.0699 21.14 

 
83.0855 33.99 

 
105.0335 20.90 

 
106.0413 17.28 

 
119.0491 48.36 
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133.0648 52.54 

 
134.0726 12.79 

 
159.0804 29.59 

 
 

160.0883 12.99  

 
189.0910 42.25 

 
203.1066 34.84 

 
243.1379 41.85 

 
244.1458 23.12 

 
257.1536 50.69 

 

258.1614 27.41 

 
299.1642 13.00 

 
335.1853 14.32 

 
379.2115 23.07 

 
385.2373 16.86 

 
409.2373 14.80 

 
411.2530 24.28 

 
428.2193 13.31 

 
439.2479 39.61 
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457.2221 29.44 

 
497.2534 14.29 

 
523.3054 18.47 

 
525.2847 22.96 

 

 

5.0. STABILITY STUDIES  

According to the stability study data, it was noted 

that the test sample solution remains stable for up to 

48 hours under ambient conditions. (Table no. 02)  

 
Table 2. Solution Stability Study 

Measurements % of Assay % Difference 

from Initial 

At 0 hr 99.6 - 

After 6 hr 99.3 - 0.3 

After 12 hr 99.3 -0.3 

After 24 hr 99.1 -0.5 

After 36 hr 99.2 -0.4 

After 48 hr 99.4 -0.2 

 

5.1. Forced degradation studies: 

5.1.1. Acid Degradation: 10 mg of ciclesonide was 

dissolved in 10 mL of 0.1 N hydrochloric acid. The 

solution was then heated under reflux for 15 

minutes. Following this, a 500 μL aliquot was 

extracted from the mixture and diluted to 10 mL with 

the mobile phase solvent. 

 

5.1.2. Base Degradation: 10 mg of ciclesonide was 

dissolved in 10 mL of 0.1 N sodium hydroxide 

solution. The mixture underwent reflux heating for 

15 minutes. Subsequently, a 500 μL aliquot was 

extracted from the mixture and diluted to 10 mL with 

the mobile phase solvent. 

5.1.3. Photolytic Degradation: Ciclesonide, 

weighing 10 mg, was dissolved in 10 mL of the 

mobile phase solvent. The sample was then 

subjected to ambient light exposure for a duration of 

24 hours. 

 

5.1.4. Thermal Degradation: 10 mg of ciclesonide 

was dissolved in 10 mL of the mobile phase solvent, 

and the sample was maintained at ambient 

temperature for 24 hours. 

 

5.1.5. Oxidative Degradation: The oxidative 

degradation procedure commenced with the addition 

of 2 mL of a standard ciclesonide solution to 8 mL 

of 3% hydrogen peroxide. This resultant mixture 

was meticulously transferred to a 10 mL volumetric 

flask and then kept at room temperature for further 

processing. 

 

Acid and Base Degradation: 

The observed degradation rate in the basic medium 

was notable, suggesting a high susceptibility of 

ciclesonide to base degradation. After, subjecting 

ciclesonide to a reaction in 0.1 N sodium hydroxide 

at 60°C for 15 minutes, two major degradation 

products were detected, with peaks at 4.2 minutes 

and 3.5 minutes, as shown in the chromatogram. 

Approximately 10% degradation was observed 

when a ciclesonide solution was refluxed with 0.1 M 

hydrochloric acid at 60°C for 10 minutes, forming a 

degradation product at a retention time of 3.6 

minutes in HPLC. 

 

 
Fig.19. chromatogram of ciclesonide in base degradation. 

 

 
Fig.20. Chromatogram of ciclesonide in acid degradation. 

 

Photochemical degradation and thermal 

degradation: 

Ciclesonide demonstrated vulnerability to both 

photochemical degradation, as observed in Figure 6 

after exposure to photolysis for 24 hours, and 

thermal degradation, as depicted in Figure 7 

following exposure to sunlight for the same 

duration. 
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.  
Fig.21. Chromatogram of ciclesonide in photolytic 

degradation. 

 

 
Fig.22. Chromatogram of ciclesonide in thermal degradation. 

 

The results indicated that Ciclesonide was found to 

be unstable in acid, base, photolytic, and thermal 

stress conditions. 

 

6.0. PHARMACOKINETICS AND 

PHARMACODYNAMICS: 

Ciclesonide exhibits notably low oral bioavailability 

due to extensive metabolism by liver oxidases and 

high protein binding, resulting in minimal systemic 

exposure. (21) 

 

The pharmacokinetic profile of inhaled ciclesonide, 

typically administered via a hydrofluoroalkane 

(HFA)-containing metered-dose inhaler (MDI), 

alongside its active metabolite desisobutyryl 

ciclesonide (des-CIC), has been assessed in both 

healthy adult volunteers and asthma patients. 

Limited additional insights from in vitro studies 

supplement the available data, predominantly 

sourced from abstracts. Importantly, asthma 

presence did not alter the pharmacokinetic profile of 

ciclesonide, indicating consistent airway 

distribution and penetration. 

 

Regarding specific pharmacokinetic parameters: 

• Inhaled ciclesonide showed a mean lung 

deposition of 52% in healthy volunteers, with 

38% deposition in the mouth/pharynx. 

• Absolute bioavailability following a single 

inhaled dose of 1280 µg was approximately 

18% compared to intravenous administration. 

• The systemic availability of des-CIC averaged 

50%, while its volume of distribution was 

calculated at 1190 L. 

• Ciclesonide exhibits high plasma protein 

binding (>99%) and does not accumulate in red 

blood cells. Des-CIC undergoes rapid hepatic 

metabolism, primarily by cytochrome P450 

(CYP) enzymes, especially CYP3A4, upon 

exiting the lungs. 

• Orally administered ciclesonide undergoes 

extensive first-pass metabolism, resulting in 

des-CIC systemic oral bioavailability of < 1%. 

Studies indicate minimal enzymatic cleavage of 

ciclesonide to des-CIC in the oropharynx. 

• Elimination half-lives for ciclesonide and des-

CIC are approximately 0.71 hours and 3.5 

hours, respectively. Faecal excretion accounts 

for the majority of drug elimination, with 

recovery typically completed within 120 hours 

post-administration. 

 

7.0. PHARMACOLOGICAL PROPERTIES: 

Ciclesonide functions as a corticosteroid prodrug, 

undergoing conversion primarily within the lung to 

its active form, desisobutyryl-ciclesonide (des-CIC). 

Des-CIC exhibits a higher affinity for glucocorticoid 

receptors and demonstrates more potent anti-

inflammatory effects in vitro compared to 

ciclesonide. Ciclesonide effectively mitigates 

airway hyper-responsiveness to various stimuli and 

reduces bronchoconstriction triggered by allergens 

and exercise. Furthermore, it inhibits or reduces the 

production of pro-inflammatory mediators such as 

cytokines and eosinophils. Short- and long-term use 

of inhaled ciclesonide at therapeutic doses has 

shown minimal systemic effects across different age 

groups. 

 

High lung deposition (52%) has been observed with 

ciclesonide delivered via HFA-MDI, while 

oropharyngeal deposition is notably lower compared 

to other corticosteroids. Following inhalation, both 

ciclesonide and des-CIC exhibit negligible oral 

bioavailability, with low systemic exposure 

(approximately 1–2% of absorbed dose). Pulmonary 

retention of ciclesonide may be facilitated by 

reversible formation of des-CIC fatty acid 

conjugates in lung tissue. Systemic ciclesonide 

undergoes extensive liver metabolism, 

predominantly by the CYP3A4 isoenzyme, yielding 

inactive metabolites. The mean elimination half-life 

of des-CIC in healthy volunteers at steady state is 

approximately 6.72 hours. 

 

8.0. TOXICOLOGY: 

The study of Toxicology with ciclesonide revealed 

effects commonly linked with the administration of 

high doses of glucocorticoids; no unforeseen 

outcomes were detected during these assessments. 

Acute toxicity assessments in rats and mice 

involving oral and intraperitoneal administration 

yielded LD50 values considerably surpassing 

human-relevant doses. 
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Species Route Doses 

(mg/kg) 

LD50 

(mg/kg) 

Mouse Intraperiton
eal 

0, 50, 100, 
200 

>200 

Mouse Oral 0, 2000 >2000 

Rat Intraperiton

eal 

0, 50, 100, 

200 

>200 

Rat Oral 0, 2000 >2000 

 

A series of studies, lasting up to 6 months in rats and 

12 months in dogs, evaluated the chronic toxicity of 

ciclesonide through inhalation administration, with 

the determination of the no observed adverse effect 

levels (NOAEL). 

 

 
Species Duration Application form NOAEL (mg/kg/day) 

Rat 4 weeks Powder 50.5 

Rat 4 weeks MDI Males: 50.3, Females: 55.2 

Rat 6 months Powder Males: 44.5, Females: 49.6 

Dog 4 weeks Powder 50 

Dog 4 weeks MDI 61 

Dog 4 weeks MDI 15 (highest dose studied) 

Dog 13 weeks MDI 53 

Dog 12 months Powder 47 

 

In rats, observations revealed typical glucocorticoid-

like effects, comparable to those seen with other 

corticosteroids. These effects were either completely 

or partially reversible during recovery periods and 

included slight reductions in body, spleen, and 

thymus weights, along with minor alterations in 

various blood parameters and serum levels. 

Additionally, there were increased developments of 

alveolar structures in the mammary gland and 

atrophy of lymphocytic components in the thymus, 

spleen, lymph nodes, and adrenal cortex. 

 

Similarly, dogs exhibited exaggerated 

glucocorticoid-like effects, including atrophy of 

lymphocytic components in various organs, 

suppression of serum cortisol levels, and atrophy of 

the adrenal cortex. The recommended maximum 

dose of ciclesonide for adults and adolescents is 400 

mcg twice daily, corresponding to approximately 

one-sixth of the NOAELs determined in repeated-

dose toxicity studies. Comparisons of human 

exposures to the ciclesonide active metabolite at 

these NOAELs demonstrate a sufficient range of 

exposure ratios. 

 

The initial effects observed in these toxicity studies, 

such as decreased body weight gain, lymphoid tissue 

depletion, and adrenal atrophy, are attributed to 

excess pharmacological glucocorticoid activity. This 

underscores the continuum of actions recognized for 

corticosteroids and observed with other 

glucocorticoids. 

 

Considering the enzymatic conversion of 

ciclesonide to its active metabolite and its high 

plasma protein binding, the findings suggest that 

ciclesonide can be safely used in humans at 

therapeutic doses, without causing local or systemic 

glucocorticoid effects in the mouth, esophagus, or 

stomach. 

 

Mutagenicity: 

Ciclesonide was subjected to several in vitro 

genotoxicity tests, such as the Ames test for bacterial 

gene mutation, the HPRT test for bacterial gene 

mutation, the chromosome aberration test in human 

lymphocytes, and the in vitro micronucleus test in 

Chinese hamster V79 cells. The outcomes of these 

assessments were negative, indicating an absence of 

genotoxicity potential. Moreover, racemic 

ciclesonide yielded negative results in the Ames test. 

 

Additionally, four independent in vivo micronucleus 

tests were conducted in mice, covering various 

orally administered doses of glucocorticoids, 

including ciclesonide. Threshold doses were 

identified for all glucocorticoids tested, beyond 

which micronucleus formation was observed in 

vivo. It is worth noting from literature that the 

occurrence of micronuclei at high glucocorticoid 

doses in in vivo micronucleus assays does not imply 

genotoxic potential. 

 

Carcinogenicity: 

Two studies, each spanning a 2-year duration, were 

conducted to assess the carcinogenic potential of 

ciclesonide. One study involved mice administered 

doses via oral gavage, while the other utilized rats 

and involved inhalation. In the mouse study, doses 

of 150, 450, and 900 mcg/kg/day were orally 

administered. Histological analysis revealed the 

presence of small, focal, and solitary gastric 

adenomas with a very low incidence. Specifically, 

one male and three females in the high-dose group, 

and one male each in the low and mid-dose groups 

exhibited these adenomas. Furthermore, a higher 

occurrence of focal hyperplastic lesions in the antral 

mucosa or its junction with the duodenum was 

observed, particularly among male mice in the mid 

and high dose groups 
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