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Abstract 
Budesonide is a corticosteroid used for the treatment of asthma via various 
matrices and inhalation mechanisms. An unknown peak of Budesonide 
aqueous formulation has been investigated during stability study wherein the 
impurity level observed around 0.1% well below the threshold 0.5%. The ap-
proach to identify anonymous species was adopted as first to generate the 
impurity in sample, isolate, enrich and was subjected to LC-MS/MS and NMR 
for spectral studies. Based on the spectral data the anonymous species were 
identified as a “Lumibudesonide’’ ((5aR,5bS,5cS,6S,7aS,7bS, 10aR,11aS, 11bS)- 
6-hydroxy-7b-(2-hydroxyacetyl)-5b,7a-dimethyl-9-propyl 1,5a,5b,5c, 6,7,7a, 7b, 
10a,11, 11a,11b dodecahydrocyclopenta[2'',3'']cyclopropa [1'',2'':3', 4']benzo 
[1',2':4,5]indeno [1,2-d][1,3]dioxol-5(2H)-one), which is observed in photoly-
sis of Budesonide. 
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1. Introduction 

Impurity profiling of pharmaceutical active ingredients is an essential part of the 
research and developmental cycle. Regulatory agencies consider impurity pro-
filing critical to ensure safety and efficacy of pharmaceutical dosage forms. Im-
purities observed in a drug substance or in a drug product need to be identified 
when their levels exceed certain regulatory thresholds with respect to their maxi- 
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mum daily dose [1] [2]. 
Budesonide is a synthetic glucocorticoid which has been mainly used to treat 

asthma and as prophylactic therapy [3]. The impurities are originating from the 
drug substance most commonly originate within the synthetic process or degra-
dation [4]. Further to identify the impurities, many difficulties are arising like, 
compound has poor to no UV absorbance whether due to the lack of chromo-
phore or low level of impurity concentration exhibits poor UV spectral quality 
[5]. The utilization of UV or PDA data alone for impurity analysis is inadequate. 
The stereochemistry of the compounds adds a common challenge with impurity 
profiling; isolation of impurities at such minute amount can be extremely tedi-
ous, time consuming, and difficult. Hence mass spectrometry plays a central role 
in our approach rather than the use of only ultra-violet detection. 

For identification of an unknown species, we have developed an approach that 
combines degradation studies, isolation and enriched the impurity and subjected 
to NMR, UV and mass spectroscopy for elucidating the unknown impurity 
structure. Based on the fragmentation pathways by LC-MS/MS, analysis de-
signed the relevant degradation mechanism. After setting up the relevant degra-
dation mechanism sample is analysed on HPLC with Photo-Diode-Array (PDA) 
detector to estimate the quantity and observe the PDA Scan.  

The information derived from LC-MS/MS and UV spectra is used to establish 
the possible degradation mechanism by which the impurity would be formed. 
Typically, a stress study (or forced degradation) is carried out using acid, base, 
heat, oxidation, reduction and photo-irradiation, etc. Frequently, the very fact 
that a degradant can be generated from a stress study would verify the degrada-
tion mechanism, from which the structure of the unknown degradant may be 
inferred with high confidence level. In such cases the NMR spectroscopy is used 
to confirm the structure deduced from the outcome of the LC-MS/MS analysis 
and forced degradation study. 

Moreover, the Morrison established through a series of elegant papers [6] [7] 
[8] [9] that intramolecular energy transfer (both singlet-singlet and triplet-triplet) 
occurred from the phenyl “antenna” to C17 keto group by the way of through- 
bond mechanism. This has led to a different photochemistry observed by the di-
rect excitation of ketone chromophore. Albini et al. [10] [11] have demonstrated 
non-communicating reaction paths in pregna-1, 4-diene-3, 20-dione. Since many 
steroidal drugs are commonly used and several reports on their phototoxic ef-
fects have been reported [12] [13] [14] [15], it was expected that such photo-
chemical mechanisms might have relevance for the mechanism of phototoxicity.  

2. Experimental 
2.1. Materials 

The chemicals and reagents used for the analysis and purification purpose of 
Budesonide and degradation impurity: 

Acetonitrile (HPLC grade), Supplier: Rankem, Avantor performance material 
Ltd, India; Methanol (HPLC grade), Supplier: Rankem, Avantor performance 
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material Ltd, India; Acetonitrile (LCMS grade), Supplier: Biosolve Chimie SARL, 
France, Water: Highly pure Milli Q water was used with the help of Millipore 
Milli-Q plus purification system, Budesonide active pharmaceutical ingredient, 
Source: manufactured by Farmabios Italy, Budesonide Respules, Source: manu-
factured by Cipla Ltd, India. 

2.2. LC-PDA and LC-MS/MS Analysis 

The HPLC analysis was performed on Agilent 1200 series equipped with PDA 
detector. The LC-MS/MS analysis was performed on a waters Xevo QTof mass 
spectrometer interfaced to waters Acquity UPLC equipped with a UV detector. 
The sample were prepared in concentration ~80 ppm with diluent (ration of 
water: acetonitrile (7:3 v/v)). The HPLC separation was carried out on a Hypersil 
BDS C18 4.6 mm × 100 mm, 3 µ column at ambient temperature with 100 µl in-
jection volume, using a mobile phase system consisting of A, water and B, ace-
tonitrile. The analyses were performed at ambient temperature with a flow rate 
of 1.0 mL/min and a gradient program varied according to the following pro-
gram: 0 min (22% B), 6 min (22% B), 15 min (30% B), 40min (30% B), 50 min 
(40% B), 67 min (40% B), 68 min (22% B) and 80.0 min (22% B). The LC flow 
for the mass spectrometer was split at a ~60:40 ratio after the UV detector; about 
400 µL/min of the LC flow was directed into the MS detector. UV spectrum was 
collected at 254 nm. The QTof mass spectrometer was operated at positive V 
electrospray mode with the following source parameters: cone gas 10 L/hr, 
desolvation gas 1000 L/hr, source temperature 120˚C, desolvation temperature 
350˚C, capillary voltage 3 Kv, sampling cone 25˚C and extraction cone 4.0. The 
time-of-flight (TOF) MS analyzer was operated with ~4000 full width half 
maximum resolution and was calibrated externally with a sodium iodide solu-
tion. spectra were acquired at 1 scan/s scan rate and 0.1 s inter-scan time. 

2.3. Photodegradation Study and Isolation of Impurity 

An unknown species was generated by preparing a solution at higher concentra-
tion as 0.1 gm Budesonide active in a mixture of 2 mL Acetonitrile. The solution 
was irradiated under a UV lamp at 254 nm for 8 h. The UV degradation product 
was isolated using a Dionex UltiMate 3000 Titanium Bio-LC equipped with PDA 
detector, autofraction collector and 250 µl loop LC system. The isolation was 
carried out by using same chromatographic method outlined in Section 2.2. only 
injection volume used as 150 µl instead of 100 µl. Fractions were collected in the 
window of 48 - 49 minutes by giving program to autofraction collector and dried 
the collected fraction on a RotaVap to remove the organic solvent followed by 
complete evaporation of the remaining aqueous solvent in a freeze dryer (Virtis). 

2.4. Unknown Impurity Characterization by NMR 

The NMR experiments were performed on Varian Spectrometer operating at 
500 MHz at 25˚C using deuterated solvent CDCl3 with Tetra methyl silane as an 
internal standard. The H1 chemical shift values were reported on the δ scale in 
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ppm, relative to Tetramethylsilane (δ = 0.0 ppm). The sample was prepared in 
CDCl3 in concentration of ~2 mg/ml. 

2.5. Toxicological Evaluation by DEREK Nexus Software 

No direct toxicological data is available on public domain for the identified im-
purity.  

Based on Derek Nexus: 4.1.0, Nexus: 2.0.0, an expert knowledge based SAR 
program which contains expert rules (derived from public and proprietary data) 
in toxicology and applies the rules to make predictions about the toxicity of che- 
micals, which is widely-respected and accepted for the assessment of muta- 
genicity has yield following outputs for Budesonide and impurity:  
 Chromosome damage in vitro in bacterium is impossible; 
 Chromosome damage in vitro in mammal is plausible; 
 Mutagenicity in vitro in bacterium is plausible; 
 Mutagenicity in vitro in mammal is plausible; 
 Non-specific genotoxicity in vitro in mammal is plausible; 
 Skin sensitization in mammal is plausible. 

3. Results and Discussion 
3.1. Impurity Identification by LC-MS/MS and HPLC-PDA 

The anonymous species at retention time ~48.3 (RRT 1.9) (Figure 1(a)) was ob-
served in Budesonide drug product ~0.1% well below the threshold of 0.5%. The 
impurity was observed ~4% after photo-irradiation in presence of organic sol-
vent such as Acetonitrile/Methanol when analysed by a compendial method. It 
was clear from the LC-MS/MS spectral observation the RRT about 1.9 peak is an 
rearranged isomer of Budesonide (since both have the same molecular ions at 
m/z 431). The UV spectrum of Budesonide showed a maximum absorbance 
band at 244 nm (Figure 1(b)), due to the dienone (conjugated double bonds 
with carbonyl group) in the A-ring of Budesonide. While the impurity peak 
showed a markedly different UV spectrum, the two new absorbance bands ap-
pears at ~278 nm and ~334 nm respectively and 244 nm bands shifts to 238 nm 
(Figure 1(c)). In the MS spectrum of Budesonide (Figure 1(d)) showed, proto-
nated (m/z 431), sodiated (m/z 453) and potassiated (m/z 469) molecular ions. 
Further it is fragmented in positive volt for structure elucidation, were several 
fragments ions produced of the protonated molecular ion (Figure 1(f)), includ-
ing m/z 413 (loss of H2O), m/z 377 (loss of CH3CH2CH2CH), m/z 395 (loss of 
CH3CH2CO2H and H2O), m/z 341 (loss of H2O, CH3CH2CO2H and H2O), m/z 
323 (loss of H2O, CH3CH2CO2H and 2H2O) and another daughter ions m/z 305, 
m/z 295, m/z 277, m/z 263, m/z 225, m/z 173, m/z 147, m/z 121 (Scheme 1). 
Same fragmentation pattern were observed in the MS/MS spectrum of unknown 
species (Figure 1(g)). The above mass spectroscopic study reveals that the un-
known species has a chemical formula of C25H34O6, which is the same as that of 
Budesonide. Its protonated, ammoniated, sodiated and potassiated molecular  
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(d) 

 
(e) 

 
(f) 

 
(g) 

Figure 1. (a) UV 254 nm chromatogram of the Budesonide sample exposed to UV-irradiation. The RRT about 1.9 unknown peak 
was observed at retention time ~48.3 minutes. UV absorbance spectra of budesonide and unknown species are shown in (b) and 
(c) respectively; MS spectra of budesonide and unknown species are shown in (d) and (e), respectively; fragmentation pattern of 
Budesonide and unknown species shown in (f) and (g) respectively. 
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Scheme 1. Fragmentation pathways of Budesonide. 
 
ions m/z 431, m/z 448, m/z 453 and m/z 469, respectively as summarized in Ta-
ble 1. The m/z 861 ion observed in both Budesonide as well as in unknown im-
purity mass spectrum (Figure 1(d) and Figure 1(e)) was assigned as a dimer 
which is formed due to the in-source dimerization in positive volt with ESI 
mode. The MS/MS fragmentation of the m/z 861 ions produced only a m/z 431 
as the product ion (data not shown) suggesting that it was indeed a weakly 
bound gas phase adduct between two molecular ions same were observed in 
unknown impurity with sodiated molecular ion m/z 883. These mass spectro-
scopic data clearly suggested that an unknown impurity at RRT about 1.9 is a 
rearranged product of Budesonide. Since Budesonide shows the maximum ab-
sorbance at ~244 nm is due to the characteristic conjugated double bonds in the 
A-ring, the impurity at RRT about 1.9 is formed due to the rearrangement of the 
dienone ring which clearly indicated in UV spectra (Figure 1(c)). 

3.2. Degradation Study Based on LC-MS/MS Results 

To test the above proposition the impurity at RRT about 1.9 was isolated by 
HPLC discussion outlined in Section 2.3. The possible formation mechanism of 
the unknown species, was found that the unknown peak was observed only 
when the sample solution was exposed to UV light in presence of organic sol-
vents like acetonitrile/methanol. Since the unknown species has the same mo-
lecular formula as the drug substance Budesonide, but with a completely differ-
ent UV absorbance spectrum. It is likely that the unknown species is a degradant 
of Budesonide through photo-isomerization. Hidaka et al. [16] reported a photo-  
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Table 1. Accurate mass measurement results of unknown species. 

Observed molecular  
weight (m/z) 

Theoretical 
mass 

Chemical 
formula 

Molecular  
ion with adduct 

431.2201 431.2428 C25H35O6 (M + H)+ 

448.2576 448.2682 C25H38O6N (M + NH4)+ 

453.2227 453.2247 C25H34O6Na (M + Na)+ 

469.1876 469.1987 C25H34O6K (M + K)+ 

 
induced, isomeric degradant of Betamethasone with an altered A-ring structure, 
which had a maximum UV absorbance band at ~270 nm. Considering the facts 
that there is no alteration of functional group which is already confirmed by 
mass spectroscopy as well as Budesonide do not contribute significantly to its 
UV absorbance and that the RRT about 1.9 unknown species has a maximum 
UV absorbance bands at ~238 nm, ~278 nm and ~334 nm, respectively (Figure 
1(c)), it was suspected that the unknown species might be the derivative of the 
photo-degradant of budesonide. 

3.3. Photodegradation Study 

The UV irradiation discussion outlined in Section 2.3 was performed, this strat-
egy is planned for generation of an unknown impurity at RRT about 1.9 under 
UV irradiation condition. The chromatograms obtained from HPLC and 
LC-MS/MS analysis of sample before and after the UV irradiation are shown in 
(Figure 2(a) and Figure 2(b)). An unknown species clearly appeared ∼4% yield 
after the 8h UV irradiation at 254 nm in presence of Acetonitrile. The mass and 
UV spectrum of species generated in photo-irradiation shows same molecular 
weight, fragments and UV spectrum with that of Budesonide observed in sample 
solution (data not shown). The unknown impurity isolated and spiked with the 
sample which was exactly co-eluted with the retention time of unknown impu-
rity, which shows same mass and UV spectrum (data not shown). 

Moreover, as such formulation suspension also subjected to photostability (as 
per ICH guideline i.e. 1.2 million lux and 200 watt/m2) wherein the impurity 
observed below the threshold of 0.5%. The photodegradant of Budesonide gen-
erated from the photo stress study was purified and then characterized by UV 
spectra, NMR and mass spectroscopy. 

3.4. Characterization of Unknown Impurity by NMR 

An unknown impurity formed by UV irradiation of Budesonide isolated and 
purified discussion outlined in Section 2.3. The NMR spectra of the isolated spe-
cies was confirmed that it is indeed Photoproduct (Scheme 2). Which is a 
photo-induced isomeric degradant of Budesonide (Scheme 2).  

In a separate study, Fahmy [17] reported Dexamethsone, alpha-oriented C16 
methyl group as opposed to the beta-oriented for betamethasone can undergo a 
similar UV photo-induced isomerization producing lumidexamethsone. A plau- 
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(a) 

 
(b) 

Figure 2. UV 254 nm chromatograms of Budesonide (a) before UV irradiation and (b). 
Unknown impurity at RRT about 1.9 was observed at retention about 48.3 minutes (RRT 
1.9) after 8h UV irradiation at 254 nm with Acetonitrile. 
 

 
Scheme 2. Lumibudesonide. 
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sible mechanism for the formation of lumibudesonide is thus proposed in 
Scheme 2, based on the photoisomerization mechanism of dexamethasone [17] 
and prednisone [18]. During this photo-isomerization process, a new bond is 
formed between C15 and C17 (Scheme 3) under UV irradiation, leading to the 
formation of lumibudesonide (Scheme 3). 

1H NMR spectrum of Impurity at RRT about 1.9 (Figure 3(a)) and 1H NMR 
spectrum Budesonide (Figure 3(b)). The spectrum was obtained on the CDCl3 
solution of the isolated impurity on a Varian 500 spectrometer operating at a 
proton frequency of 500 MHz. It was found that Budesonide into Lumibude- 
sonide (Figure 3(a)). 

For comparison, the NMR data (Figure 3(a) and Figure 3(b)) for Budesonide 
relevant for assignment of the structure of photoproducts are reported here. 

Budesonide Epimer A and B: HPLC: RT Epimer B 23.9 min and for Epimer 
A 26.3 min ; 1H NMR (500 MHz, CDCl3), δ 7.25 (d, 1H, H-1, J = 10.1 Hz); 6.28  
 

 
(a) 

 
(b) 

Figure 3. NMR spectrum: A plot of chemical shift in ppm (x-axis) versus signal intensity 
(y-axis). (a) Budesonide impurity at RRT about 1.9; (b) Budesonide drug substance. 
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(d, 1H, H-2, J = 10.1 Hz); 6.01 (s, 1H, H-4); 4.6 (d, 1H, H-30, J = 21.2 Hz); 4,29 
(br s, 1H, H-10); 4.55 (t, 1H, H-21, J = 10.1 Hz). The zone between δ 2.6 and δ 
0.8 ppm contains almost all protons of rings B, C, and D and the methyl groups, 
which are not involved in the photomodification. MS: 431 [M+H]+. 

Photoproduct: HPLC: RT 49.26 min; 1H NMR (500 MHz, CDCl3), δ 7.31 (d, 
1H, H-4, J = 5.5 Hz); 5.92 (d, 1H, H-3, J = 5.0 Hz); 4.62 (d, 1H, H-30, J = 21.2 
Hz); 4.30, (br s, 1H, H-10); 4.57 (t, 1H, H-21, J = 10.1 Hz). MS: 431 [M+H]+. 

The 1H NMR spectrum lacks the signals at 7.25, 6.28, and 6.01 (protons of 
carbon no. 17, 18, and 20, of the parent drug, respectively) (Scheme 3) and 
shows two new doublets, coupled with each other with a constant of J value 5.5 
Hz (Figure 3(a) and Figure 3(b)). Therefore, ring A only has two vinyl protons, 
the third proton being now aliphatic. No changes occurred at the level of pro-
tons of carbon no 10 and 30. The molecular weight does not change with respect 
to the parent drug. These data suggest a rearrangement of ring A of Budesonide 
to give the “Photo rearranged product” 

On the basis of the spectral data, photoproduct derived from a well-known 
two-step intramolecular rearrangement of ring A typical of the cyclodienones 
(Scheme 4) to give the so called photolumi product [19]. 

3.5. Toxicological Interpretation of the Impurity 

The toxicological assessment on Derek Nexus: 4.1.0, Nexus: 2.0.0, an expert  
 

 
Scheme 3. Lumibudesonide. 
 

 
Scheme 4. Budesonide. 
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knowledge based SAR program discussion outlined in Section 2.5 was per-
formed. The outputs observed for Lumibudesonide are concordant with those 
observed for Budesonide and is controlled by taking adequate measures.  

4. Conclusion 

The impurity peak observed at RRT about 1.9 is generated in the photodegrada-
tion and it is an isomeric impurity formed due to rearrangement induced by 
UV-irradiation. It is characterised by using cutting edge technology like LC- 
MS/MS and NMR and it was identified as Lumibudesonide ((5aR,5bS,5cS,6S, 
7aS,7bS,10aR,11aS,11bS)-6-hydroxy-7b-(2-hydroxyacetyl)-5b,7a-dimethyl-9-pro- 
pyl-1,5a,5b,5c,6,7,7a,7b,10a,11,11a,11b dodecahydrocyclopenta [2'',3'']cyclopro- 
pa[1'',2'':3',4']benzo [1',2':4,5]indeno [1,2-d][1,3] dioxol-5(2H)-one). 
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