
Kriti Pandey, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 1347-1359 | Research 

*Corresponding Author: Kriti Pandey 

Address:  School of Pharmaceutical Science, Shri Guru Ram Rai University, Dehradun 

Email      : pandeykriti9@gmail.com 

Relevant conflicts of interest/financial disclosures: The authors declare that the research was conducted in the absence of 

any commercial or financial relationships that could be construed as a potential conflict of interest.   

         

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                1347 | P a g e  

 

 

 

 

 

 

 

 

 

 

 

 

 

Chlorogenic acid, caffeic acid, and scopoletin have been reported as representative 

phytochemical markers of Solanum nigrum and are widely employed for its analytical 

evaluation and quality assessment. The present study investigated the degradation 

behaviour of a composite standard containing these three marker compounds under 

acidic, alkaline, oxidative, thermal, and photolytic stress conditions. Individual 

reference standard solutions were prepared separately and combined to obtain a 

composite working standard containing 50 μg/mL of each analyte. Following stress 
treatment, the samples were analysed by reverse-phase high-performance liquid 

chromatography (RP-HPLC), which achieved complete chromatographic separation of 

the parent analytes from degradation-related peaks under all investigated stress 

conditions. Among the applied stress conditions, alkaline treatment produced the highest 

degradation of chlorogenic acid (16.13%), caffeic acid (20.86%), and scopoletin 

(18.54%), whereas oxidative stress resulted in comparatively greater degradation of 

scopoletin (12.18%). The stressed samples were subsequently analysed by liquid 

chromatography–mass spectrometry (LC–MS) using electrospray ionization in both 

positive and negative ionization modes. LC–MS analysis revealed the characteristic 

molecular ions of the parent compounds together with several additional ions generated 

under different stress conditions. Comparison of the observed m/z values with published 

LC–MS studies enabled the tentative assignment of degradation-related ions and the 

proposal of plausible degradation-related species. The combined application of RP-

HPLC and LC–MS provided a comprehensive analytical approach for evaluating the 

degradation behaviour of chlorogenic acid, caffeic acid, and scopoletin and generated 

analytical information that may be useful for future investigations involving these 

reported phytochemical markers of Solanum nigrum. 
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INTRODUCTION 

Herbal medicines are widely used for the 

prevention and treatment of various diseases 

because of their diverse therapeutic potential. 

However, the complex chemical composition of 

herbal products and the variability arising from 

differences in plant source, cultivation, harvesting, 

processing, extraction, and storage present 

significant challenges for quality assessment and 

standardization. Therefore, the identification and 

evaluation of representative phytochemical marker 

compounds using reliable analytical techniques 

are essential to ensure the quality, safety, efficacy, 

and batch-to-batch consistency of herbal 

medicines [3]. 

Solanum nigrum L. (Makoy), a medicinal plant 

belonging to the family Solanaceae, has been 

extensively investigated owing to its antioxidant, 

anti-inflammatory, hepatoprotective, 

antimicrobial, and anticancer properties. 

Phytochemical studies have identified a wide 

variety of secondary metabolites, including 

phenolic acids, coumarins, flavonoids, steroidal 

glycoalkaloids, tannins, and 

polysaccharides[1,2,4]. Among these constituents, 

chlorogenic acid, caffeic acid, and scopoletin have 

been reported among the characteristic phenolic 

constituents of Solanum nigrum and are widely 

employed as analytical marker compounds for its 

phytochemical characterization and quality 

evaluation[2,6,7,27]. Chlorogenic acid, caffeic 

acid, and scopoletin represent three structurally 

distinct classes of phenolic phytochemicals, 

namely hydroxycinnamate esters, 

hydroxycinnamic acids, and coumarins, 

respectively[6,18,27]. Owing to their 

pharmacological relevance, analytical 

significance, and widespread occurrence in 

Solanum nigrum, these compounds were selected 

as representative marker analytes in the present 

study[2,6-8]. The chemical structures of 

chlorogenic acid, caffeic acid, and scopoletin are 

presented in (Figure 1). 

 
Figure 1: Chemical Structures of scopoletin(a), caffeic acid(b) and chlorogenic acid(c) 

The chemical stability of marker compounds is an 

important consideration during phytochemical 

analysis because degradation may alter their 

concentration and generate degradation-related 

species, thereby affecting analytical reliability and 

quality evaluation. Forced degradation studies 

expose compounds to acidic, alkaline, oxidative, 

thermal, and photolytic stress conditions to 

investigate their intrinsic stability, identify 

degradation-prone conditions, and evaluate their 

behaviour under different environmental stresses. 

Information obtained from these studies is 
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valuable for analytical method evaluation, 

impurity profiling, formulation development, 

storage recommendations, and pharmaceutical 

quality assurance [9-11]. 

Although chromatographic techniques are 

effective for monitoring degradation, they provide 

limited information regarding the molecular 

characteristics of degradation-related species. 

Liquid chromatography coupled with mass 

spectrometry (LC–MS) overcomes this limitation 

by combining chromatographic separation with 

molecular mass determination, enabling the 

detection of parent compounds together with 

degradation-related ions [19-23]. Previous LC–
MS studies have established the characteristic 

molecular ions, mass spectral characteristics, and 

fragmentation behavior of chlorogenic acid, 

caffeic acid, and related hydroxycinnamate 

derivatives, providing valuable reference data for 

interpreting ions generated during degradation 

studies [13-16,30,31]. Consequently, LC–MS has 

become an important complementary analytical 

technique for investigating degradation behaviour 

and facilitating the tentative characterization of 

degradation-related ions. 

Although chromatographic methods have been 

reported for the determination of chlorogenic acid, 

caffeic acid, scopoletin, and related phenolic 

compounds, studies specifically integrating forced 

degradation of these marker compounds with LC–
MS characterization of degradation-related ions 

remain limited [5,7,8,12]. Therefore, the present 

study was undertaken to investigate the 

degradation behaviour of chlorogenic acid, caffeic 

acid, and scopoletin under acidic, alkaline, 

oxidative, thermal, and photolytic stress 

conditions using RP-HPLC, followed by LC–MS 

characterization of the resulting degradation-

related ions.The findings of this study provide 

valuable analytical information for understanding 

the degradation behaviour of these representative 

phytochemical markers and may support future 

quality evaluation and stability studies of Solanum 

nigrum and related herbal formulations. 

MATERIALS AND METHODS: 

1. Materials 

1.1 Chemicals, Reagents and Reference 

Standards 

HPLC-grade methanol and acetonitrile, and 

analytical-grade sodium hydroxide (NaOH), were 

procured from Rankem (Avantor Performance 

Materials India Ltd., India). HPLC-grade water 

was obtained using a Milli-Q water purification 

system. Diethylamine (DEA), hydrochloric acid 

(HCl), and hydrogen peroxide (H₂O₂) were 
procured from LOBA Chemie Pvt. Ltd., India. 

Orthophosphoric acid (H₃PO₄) was obtained from 
Expersolv Ltd., while formic acid was procured 

from Fisher Chemicals. Certified reference 

standards of chlorogenic acid and scopoletin were 

procured from LGC Dr. Ehrenstorfer, whereas the 

caffeic acid reference standard was procured from 

Natural Remedies Pvt. Ltd., India. 

1.2 Instrumentation 

RP-HPLC analysis was performed using an 

Agilent 1260 Infinity II system equipped with a 

quaternary pump, autosampler, column oven, and 

diode array detector (DAD), controlled through 

OpenLab CDS software (Agilent Technologies, 

USA). LC–MS analysis was carried out using a 

Shimadzu LCMS-8045 system equipped with an 

electrospray ionization (ESI) source and operated 

using LabSolutions software (Shimadzu 

Corporation, Japan). UV spectral analysis was 

performed using a Shimadzu UV-1800 UV–
Visible spectrophotometer. 

2. Methods 
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2.1 Preparation of Standard Solution 

Individual stock solutions of chlorogenic acid, 

caffeic acid, and scopoletin (500 μg mL⁻¹) were 
prepared separately by accurately weighing 50 mg 

of each reference standard, dissolving in methanol, 

and diluting to 100 mL in volumetric flasks. A 

composite working standard containing 50 μg 
mL⁻¹ of each analyte was prepared by transferring 
5 mL of each stock solution into a 50 mL 

volumetric flask and diluting to volume with 

methanol. 

2.2. LC–MS Conditions 

Liquid chromatography–mass spectrometry 

analysis was performed using a Shimadzu LCMS-

8045 system equipped with an electrospray 

ionization (ESI) source. Chromatographic 

separation was achieved using an isocratic mobile 

phase consisting of 0.1% formic acid in water 

(mobile phase A) and methanol (mobile phase B) 

(50:50, v/v) at a flow rate of 0.2 mL min⁻¹. The 
injection volume was 1 μL and the total run time 

was 2 min. Mass spectra were acquired in both 

positive and negative ionization modes using Q1 

full-scan acquisition. 

2.3 RP-HPLC Conditions 

Chromatographic analysis was performed using an 

Agilent 1260 Infinity II HPLC system equipped 

with a diode array detector. Separation was 

achieved on a C18 analytical column (250 × 4.6 

mm, 5 μm) using gradient elution. Mobile phase A 
consisted of water containing 0.1% (v/v) 

orthophosphoric acid and 0.1% (v/v) 

diethylamine, whereas mobile phase B consisted 

of acetonitrile. The flow rate was maintained at 1.0 

mL min⁻¹, the column temperature at 25°C, and the 
injection volume at 5 μL. Detection was carried 
out at 325 nm, and the total run time was 50 min. 

2.4 Forced Degradation Studies 

The composite standard solution containing 50 μg 
mL⁻¹ each of chlorogenic acid, caffeic acid, and 
scopoletin was subjected to acidic (0.1 N HCl, 

60°C for 30 min), alkaline (0.1 N NaOH, room 

temperature for 30 min), oxidative (3% H₂O₂, 
room temperature for 30 min), thermal (60°C for 

24 h), and photolytic (UV light, 254 nm for 24 h) 

stress conditions. Following acidic and alkaline 

degradation, the stressed solutions were 

neutralized with an equivalent volume of the 

corresponding base or acid. All stressed samples 

were subsequently filtered through a 0.45 μm 

membrane filter prior to RP-HPLC analysis. The 

extent of degradation was evaluated by comparing 

the chromatographic peak areas of each stressed 

composite standard solution with those of the 

untreated composite standard solution, and the 

percentage degradation was calculated 

accordingly. 

2.5 LC–MS Characterization of Stressed 

Sample 

Following forced degradation, the stressed 

composite standard solutions were diluted with 

methanol–water (50:50, v/v) to obtain a final 

concentration of approximately 1 μg mL⁻¹ prior to 
LC–MS analysis. The diluted samples were 

analyzed under the LC–MS conditions described 

in Section 2.2. The observed m/z values of the 

parent analytes and degradation-related ions were 

compared with published literature for the 

tentative characterization of degradation-related 

species. 

RESULTS AND DISCUSSION: 

3.1 LC–MS Characterization of Forced 

Degradation Samples 
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Following exposure of the composite standard to 

acidic, alkaline, oxidative, thermal, and photolytic 

stress conditions, the stressed samples were 

analysed by LC–MS in both positive and negative 

electrospray ionization modes. Representative 

positive- and negative-ion mass spectra obtained 

under the different stress conditions are presented 

in (Figures 2 and 3), while the detected ions and 

their tentative assignments are summarized in 

(Tables 1 and 2).  

 
Figure 2: Representative LC–MS spectra (Positive(+)scan) of stressed samples (a)Acidic, (b)Alkaline ,  

(c)Oxidative, (d)Thermal and (e)Photolytic 
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Figure 3: Representative LC–MS spectra (Negative(-)scan) of stressed samples (a)Acidic, (b)Alkaline ,  

(c)Oxidative, (d)Thermal and (e)Photolytic 

Table 1: LC–MS characterization of ions detected under different stress conditions 

Stress 

Condition 

Positive Ion Scan (m/z) Negative Ion Scan (m/z) LC–MS Observation 

Acidic 

(0.1N HCl) 

193, 215, 233, 247, 338, 

361, 377, 407 

179, 191, 221, 259, 327, 353, 

411, 445, 513, 561, 589, 631, 

799 

Parent analytes detected 

together with additional ions 

Alkaline 

(0.1N 

NaOH) 

193, 215, 216, 233, 247, 

339, 361, 377, 407 

179, 191, 249, 259, 291, 327, 

353, 405, 443, 455, 505, 561, 

619, 795 

Highest number of additional 

ions observed 

Oxidative 

(3% H₂O₂) 
137, 163, 193, 215, 233, 

247, 377, 391, 407 

179, 191, 247, 259, 353, 367, 

375, 421 

Parent analytes and additional 

ions detected 

Thermal 

(60°C, 24 h) 

135, 163, 193, 215, 231, 

247, 355, 377, 391, 407 

179, 191, 247, 353, 367, 375, 

421 

Parent analytes remained 

detectable with additional ions 
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Photolytic 

(UV, 24 h) 

104, 137, 153, 163, 193, 

195, 215, 247, 339, 361, 

377, 407, 445 

113, 179, 191, 247, 297, 311, 

325, 339, 353, 379, 393, 411 

Parent analytes detected 

together with several 

additional ions 

Table 2: Tentative Proposed Structures of Major m/z Ions Detected in Forced Degradation Samples by 

LC–MS 

Observed 

m/z 

Tentative Proposed  Ion Assignment Tentative Proposed  Structure 

179 Caffeic acid [M−H]⁻ 

 
191 Quinic acid-related ion 

 
353 Chlorogenic acid [M−H]⁻ 

 
135 Tentative decarboxylated caffeic acid 

fragment ion 

 
137 Tentative low-molecular-weight phenolic 

fragment ion 

 
163 Tentative hydroxycinnamate-related 

fragment ion 

 
193 Tentative oxidized caffeic acid-related ion 
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215 Tentative hydroxylated Ferulic acid 

 
231–247 Tentative chlorogenic acid-derived fragment 

ions 

 
297 Tentative chlorogenic acid-related ion 

 
311 Tentative oxidized chlorogenic acid-related 

ion 

 
339 Tentative dehydrated chlorogenic acid-

related ion 

 
361–367 Tentative hydroxylated chlorogenic acid-

related ions 

 

The characteristic molecular ions corresponding to 

chlorogenic acid (m/z 353) and caffeic acid (m/z 

179) were consistently detected in the negative-ion 

spectra of the stressed samples. In addition, an ion 

at m/z 191, commonly associated with quinic acid-

related species, was observed under several stress 

conditions. The continued detection of these 

characteristic ions indicated that the parent marker 

compounds remained detectable following 

exposure to all applied stress conditions. 
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Representative LC–MS spectra of the acidic, 

alkaline, oxidative, thermal, and photolytic 

samples also revealed the presence of several 

additional ions, suggesting the formation of 

degradation-related species during stress 

treatment.  

Besides the characteristic ions, several lower- and 

higher-molecular-weight ions were detected under 

different stress conditions. Among these, m/z 135 

and 163 were observed in thermal and oxidative 

stress samples and are tentatively associated with 

degradation fragments of caffeic acid or related 

hydroxycinnamate derivatives. The ion at m/z 137 

was detected predominantly under oxidative and 

photolytic conditions and may represent a low-

molecular-weight phenolic degradation product. 

Additional ions including 193, 215, 231–247, 249, 

259, 291, 297, 311, 325, 327, 338–339, 355, 361, 

367, 375, 377, 379, 391, 393, 405, 407, 411, 421, 

and 443–799 were detected in different stressed 

samples, indicating the formation of multiple 

degradation-related species. 

Among the investigated stress conditions, the 

alkaline-stressed sample exhibited the largest 

number of additional ions, while the acidic-

stressed sample also showed numerous 

degradation-related ions. In contrast, oxidative, 

thermal, and photolytic stress generated 

comparatively fewer additional ions. The 

occurrence of ions over a broad m/z range suggests 

that multiple degradation pathways contributed to 

the formation of degradation-related species under 

the investigated stress conditions. 

The observed m/z values were interpreted by 

comparison with previously reported LC–MS data 

for chlorogenic acid, caffeic acid, scopoletin, and 

related hydroxycinnamate compounds, enabling 

the tentative assignment of the detected ions 

presented in Table 2. 

Overall, LC–MS characterization demonstrated 

that all stress conditions generated degradation-

related ions while the characteristic ions of the 

parent analytes remained detectable. These 

findings provide valuable molecular-level 

information regarding the degradation behaviour 

of chlorogenic acid, caffeic acid, and scopoletin 

under the investigated stress conditions. 

3.2 Forced Degradation Behaviour of 

Chlorogenic Acid, Caffeic Acid and Scopoletin 

Forced degradation studies were performed to 

investigate the degradation behaviour of 

chlorogenic acid, caffeic acid, and scopoletin 

under acidic, alkaline, oxidative, thermal, and 

photolytic stress conditions. Representative 

chromatograms obtained following each stress 

treatment are presented in (Figure 4), while the 

percentage degradation observed under the 

investigated stress conditions is summarized in 

(Table 3). 

Table 3: Percentage degradation of chlorogenic acid, caffeic acid, and scopoletin under different stress 

conditions 

Stress condition Chlorogenic acid 

(% degradation) 

Caffeic acid 

(% degradation) 

Scopoletin 

(% degradation) 

Acidic (0.1 N HCl) 11.20 10.59 9.15 

Alkaline (0.1 N NaOH) 16.13 20.86 18.54 

Oxidative (3% H₂O₂) 0.42 1.89 12.18 

Thermal (60°C, 24 hr) 1.77 0.52 7.78 

Photolytic(UV light, 24 hr) 1.59 0.72 1.54 
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Figure 4. Representative RP-HPLC chromatograms of (a) Composite standard, (b) Acidic, (c) Alkaline, 

(d) Oxidative, (e) Photolytic, and (f) Thermal degradation. 

The three marker compounds exhibited distinct 

degradation profiles under the investigated stress 

conditions (Table 3). Among the applied stress 

conditions, alkaline treatment produced the 

highest degradation of chlorogenic acid (16.13%), 

caffeic acid (20.86%), and scopoletin (18.54%), 

indicating that all three marker compounds were 

more susceptible to alkaline stress than to the other 

stress conditions. This observation was 

corroborated by the LC–MS results, where the 

alkaline-stressed sample exhibited the largest 

number of additional ions (Table 1). Comparison 

of the observed m/z values with previously 

reported LC–MS data enabled the tentative 

assignment of characteristic and degradation-

related ions, and the corresponding tentative 

proposed fragment ions and structures are 

presented in (Table 2). Collectively, the higher 

percentage degradation observed by RP-HPLC, 

together with the increased number of detected 

LC–MS ions and their tentative proposed 

structures, indicates more extensive chemical 

transformation under alkaline stress than under the 

other investigated stress conditions. 

Acidic stress also resulted in measurable 

degradation of all three analytes, with degradation 

values ranging from 9.15% to 11.20%, 
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accompanied by the detection of several additional 

LC–MS ions. In contrast, chlorogenic acid and 

caffeic acid exhibited comparatively limited 

degradation under oxidative, thermal, and 

photolytic stress conditions, whereas scopoletin 

showed comparatively greater susceptibility to 

oxidative (12.18%) and thermal (7.78%) stress. 

The LC–MS observations and the corresponding 

tentative proposed structures further 

complemented the RP-HPLC results by providing 

molecular-level information on the degradation-

related species formed under the investigated 

stress conditions. 

The chromatograms obtained after stress treatment 

(Figure 4) showed that the chromatographic peaks 

corresponding to chlorogenic acid, caffeic acid, 

and scopoletin remained clearly distinguishable 

under all investigated stress conditions. The 

percentage degradation determined by RP-HPLC 

demonstrated that alkaline treatment produced the 

greatest degradation of all three marker 

compounds, whereas oxidative, thermal, and 

photolytic stress resulted in comparatively lower 

degradation. These findings were in agreement 

with the LC–MS results, where the alkaline-

stressed sample exhibited the largest number of 

additional ions, while oxidative, thermal, and 

photolytic stress generated comparatively fewer 

ions.The complementary information obtained 

from RP-HPLC and LC–MS provides a 

comprehensive understanding of the degradation 

behaviour of the selected marker compounds 

under the investigated stress conditions. 

Overall, the forced degradation study 

demonstrated that chlorogenic acid, caffeic acid, 

and scopoletin exhibit different degradation 

behaviours under the investigated stress 

conditions, with alkaline hydrolysis producing the 

greatest extent of degradation. These findings 

provide useful information regarding the relative 

degradation behaviour of the selected 

phytochemical markers and establish a 

chromatographic basis for the subsequent LC–MS 

characterization of degradation-related ions. 

CONCLUSION 

The present study systematically investigated the 

degradation behaviour of a composite analytical 

standard containing chlorogenic acid, caffeic acid, 

and scopoletin under acidic, alkaline, oxidative, 

thermal, and photolytic stress conditions using a 

combined RP-HPLC and LC–MS approach. 

Among the investigated stress conditions, alkaline 

hydrolysis produced the greatest extent of 

degradation for all three marker compounds, 

whereas chlorogenic acid and caffeic acid 

exhibited comparatively limited degradation under 

oxidative, thermal, and photolytic conditions. In 

contrast, scopoletin demonstrated greater 

susceptibility to oxidative and thermal stress, 

indicating distinct degradation characteristics 

among the selected phytochemical markers. 

LC–MS analysis provided complementary 

molecular-level information by confirming the 

characteristic ions of the parent analytes together 

with the formation of multiple degradation-related 

ions following stress treatment. Comparison of the 

observed m/z values with published literature 

enabled the tentative interpretation of several 

degradation-related ions; however, definitive 

structural confirmation was beyond the scope of 

the present investigation because product-ion 

(MS/MS) fragmentation experiments were not 

performed. 

Overall, the combined application of RP-HPLC 

and LC–MS provided a comprehensive analytical 

strategy for evaluating the degradation behaviour 

of chlorogenic acid, caffeic acid, and scopoletin. 

The findings generated in this study contribute 

useful analytical information for the quality 
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evaluation, degradation assessment, and future 

stability investigations of these reported 

phytochemical markers in Solanum nigrum and 

may also serve as a reference for similar 

phytochemical and herbal drug studies. 

REFERENCES 

1. Salem TS, Chetty C, Ramkanth S, et al. 

Solanum nigrum Linn.—A Review. 

Pharmacogn Rev. 2009;3(6):342–345.  

2. Chen X, Dai X, Liu Y, Yang Y, Yuan L, 
He X, Gong G. Solanum nigrum Linn.: An 
Insight into Current Research on Traditional 

Uses, Phytochemistry, and Pharmacology. 

Frontiers in Pharmacology. 2022;13:918071 

3.  Shahidi F, Yeo J. Insoluble-bound phenolics 

in food. Molecules. 2016;21(9):1216. 

4. Atanu FO, et al. Ethnopharmacology of 

Solanum nigrum: A review. World J Curr 

Med Pharm Res. 2022;4(4):223.  

5. Cheng J, Zhou C, Xie Y, Wang M, Zhou C, Li 

X, et al. A new method for simultaneous 

determination of 14 phenolic acids by 

multiwavelength HPLC-PDA analysis. RSC 

Adv. 2022;12:14939–14944.  

6. Clifford MN. Chlorogenic acids and other 

cinnamates—Nature, occurrence, and dietary 

burden. J Sci Food Agric. 2000;80:1033–1043 

7. Patel P, Raval M, Shah H, et al. Quantification 

of scopoletin from the roots of Argyreia 

speciosa (Linn f) Sweet using HPLC through 

the concept of design of experiment. J AOAC 

Int. 2021;104(4):1167-1180. 

8. Campos-Venuti G, dos Santos Vieira C, 

Scheer A, Silva LC. Quantification of caffeic 

acid as well as antioxidant and cytotoxic 

activities of Virola surinamensis co-product 

extract to obtain new functional and 

nutraceutical foods. Appl Sci. 

2025;15(18):10291. 

9. Blessy, M., Patel, R.D., Prajapati, P.N. and 

Agrawal, Y.K. (2014). Development of forced 

degradation and stability-indicating studies of 

drugs. Journal of Pharmaceutical Analysis, 

4(3), pp. 159–165. 

10.  Swartz ME, Krull IS. Analytical Method 

Development and Validation. New York: 

Marcel Dekker; 1997. 

11.  ICH (2003). ICH Q1A(R2): Stability Testing 

of New Drug Substances and Products. 

Geneva: International Conference on 

Harmonisation. 

12. Khuwijitjaru P, Suaylam B, Adachi S. 

Degradation of caffeic acid in subcritical 

water and online HPLC-DPPH assay of 

degradation products. J Agric Food Chem. 

2014;62(8):1945-1949. 

13. Clifford, M.N., Johnston, K.L., Knight, S. and 

Kuhnert, N. (2003).Hierarchical Scheme for 

LC-MSⁿ Identification of Chlorogenic Acids. 
Journal of Agricultural and Food Chemistry, 

51(10), pp. 2900–2911. 

14. Clifford MN, Knight S, Kuhnert N. 

Discriminating between the six isomers of 

dicaffeoylquinic acid by LC-MSⁿ. J Agric 
Food Chem. 2005;53:3821–3832. 

15.  Jaiswal R, Matei MF, Golon A, Witt M, 

Kuhnert N. Comprehensive chromatographic 

and mass spectrometric characterization of 

chlorogenic acids and related 

hydroxycinnamates in Ilex paraguariensis. 

Journal of Agricultural and Food Chemistry. 

2010;58:5471–5484. 

16.  Jaiswal R, Patras MA, Eravuchira PJ, 

Kuhnert N. Profiling and characterization of 

chlorogenic acids in green Robusta coffee 

beans by LC–MSⁿ. Journal of Agricultural and 
Food Chemistry. 2010;58:8722–8737. 

17.  Farah A, Donangelo CM. Phenolic 

compounds in coffee. Brazilian Journal of 

Plant Physiology. 2006;18(1):23–36. 

18. Clifford MN. Chlorogenic acids and the acyl-

quinic acids: discovery, biosynthesis, 

bioavailability and bioactivity. Natural 

Product Reports. 2017;34(12):1391–1421.  

19.  Wolfender JL, Marti G, Thomas A, Bertrand 

S. Current approaches and challenges for the 

metabolite profiling of complex natural 

extracts by LC–MS. Journal of 

Chromatography A. 2015;1382:136–164. 

20.  Moco S, Bino RJ, De Vos RCH, Vervoort J. 

Metabolomics technologies and metabolite 



Kriti Pandey, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 8, 1347-1359 | Research 

                 

              INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES                                                                                 1359 | P a g e  

identification. TrAC Trends in Analytical 

Chemistry. 2007;26(9):855–866. 

21.  Niessen WMA. Liquid Chromatography–
Mass Spectrometry. 3rd ed. Boca Raton: CRC 

Press; 2006. 

22. De Hoffmann E, Stroobant V. Mass 

Spectrometry: Principles and Applications. 

3rd ed. Chichester: John Wiley & Sons; 2007. 

23. Gross JH. Mass Spectrometry: A Textbook. 

3rd ed. Berlin: Springer; 2017. 

24. Snyder LR, Kirkland JJ, Dolan JW. 

Introduction to Modern Liquid 

Chromatography. 3rd ed. Hoboken: John 

Wiley & Sons; 2010. 

25.  Wolfender JL. LC–MS-based metabolite 

profiling and dereplication in natural product 

research. Phytochemistry Reviews. 

2009;8:413–430. 

26.  Liang N, Kitts DD. Role of chlorogenic acids 

in controlling oxidative and inflammatory 

stress conditions. Nutrients. 2016;8(1):16.  

27.  Antika LD, Tasfiyati A, Hikmat H, Septama 

AW. Scopoletin: a review of its source, 

biosynthesis, methods of extraction, and 

pharmacological activities. Zeitschrift für 

Naturforschung C. 2022;77(7–8):303–316.  

28.  Gao XY, Zhang Y, et al. Scopoletin: a review 

of its pharmacology, pharmacokinetics, and 

toxicity. Frontiers in Pharmacology. 

2024;15:1268464. 

29.   Kaufmann A. The current role of high-

resolution mass spectrometry in food analysis. 

Anal Bioanal Chem. 2012;403(5):1233-1249. 

30. Willems JL, Khamis MM, Mohammed Saeid 

W, Purves RW, Katselis GS, Low NH, et al. 

Analysis of chlorogenic acid isomers and 

other caffeoylquinic acids in food and plant 

materials by liquid chromatography–mass 

spectrometry. Journal of Chromatography A. 

2016;1438:15–23. 

31. Stalmach A, Mullen W, Barron D, Uchida K, 

Yokota T, Cavin C, et al. Metabolite profiling 

of hydroxycinnamate derivatives in plasma 

and urine after the ingestion of coffee by 

humans: identification of biomarkers of 

coffee consumption. Drug Metab Dispos. 

2009;37(8):1749-1758. 

 

HOW TO CITE: Kriti Pandey, Vinay Naithani, Dr. 

Meenu Chaudhary, Forced Degradation Studies And LC-

MS Characterization of a Composite Standard 

Containing Chlorogenic Acid, Caffeic Acid and 

Scopoletin: Implications for Quality Control of Solanum 

Nigrum-Based Herbal Products, Int. J. of Pharm. Sci., 

2026, Vol 4, Issue 8, 1347-1359. 

https://doi.org/10.5281/zenodo.21839976 


