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Characterizing “nature’s Ozempic ”: Non-targeted screening of berberine supplements using 
ion mobility high-resolution mass spectrometry
Lindsay E. Hatch, Sarah E. Dowd, Gordon T. Fujimoto, Waters Corporation, Milford, MA USA

MS: SELECT SERIES  Cyclic  IMS

Acquisition Mode: HDMSE (DIA)

Polarity: Positive

Capillary Voltage: 2 kV

Mass Range: 50-1200 Da

Transfer cell collision energy: 40 – 60 V

MS Analyzer Mode: V Mode 

     (MS Resolution ~60,000 FWHM)

Data were acquired using MassLynx  and 

processed using UNIFI  within the 

waters_connect  Software Platform.  

LC: ACQUITY  Premier (BSM-FTN)

Column: ACQUITY Premier CSH Phenyl     

     Hexyl  (1.7 µm, 2.1 × 100 mm)

MPA: Water + 2mM ammonium acetate &  

     0.1% acetic acid

MPB: Acetonitrile

Column Temp: 30 °C
Flow rate: 0.3 mL/min 

Injection volume: 1 µL

Time 

(min)

%A %B

Initial 90 10

10.5 75 25

14.0 5 95

16.0 5 95

16.1 90 10

18.0 90 10

METHODS: LC-MS ANALYSIS

Figure 2. The SELECT SERIES 

Cyclic IMS with an ACQUITY 

UPLC  System

Figure 3. SELECT SERIES Cyclic IMS instrument schematic

The natural product, berberine (C20H18NO4
+), is an isoquinoline alkaloid 

derived from plants, particularly berberis species. Berberine has been 

increasingly studied in recent years (Figure 1) for its myriad health benefits, 

including protective effects against several neurological, cardiovascular, and 

gastrointestinal disorders.1  It has also been found to help lower blood sugar, 

effects that can aid in the treatment of diabetes and obesity.2 Berberine has 

thus attracted attention as a natural alternative to popular GLP-1 medications, 

earning the nickname “nature’s Ozempic”.3  Many supplement products 

marketed as berberine or berberis extracts are readily available to 

consumers, with unknown composition. As the bioavailability of berberine is 

relatively low,2 the presence of additional components could affect the 

therapeutic activity of a supplement.  

METHODS: SAMPLE PREPARATION

• Seven commercially available supplements in powder-form were purchased 

from an online retailer.  Products included whole root/bark extracts of berberis 

vulgaris or berberis aristata and ostensibly more “purified” extracts where 

berberine was specifically listed as the ingredient (Table 1). 

• Authentic standards of berberine and palmatine (Cayman Chemical) were 

analyzed for reference.

• ~100 g of each powder sample was extracted via sonication in a 50:50 

water:methanol solution, followed by centrifugation, filtration, and dilution 

(100×) prior to analysis. A pooled sample was also analyzed. 

INTRODUCTION

Objective: Apply non-targeted analysis using high-resolution mass 
spectrometry coupled to ion mobility spectrometry (IMS) to qualitatively 
characterize the composition of over-the-counter berberine supplements.  

Barberry variety Sample ID Ingredient Listing
Extracted 

Component
Image

Berberis aristata

BA-1 Whole-herb Root

BA-2 Berberine HCl Bark

BA-3 Berberine Phytosome Root

BA-4 Whole-herb Root

BA-5 Berberine HCl Root

Berberis vulgaris
BV-1 Whole-herb Root and bark

BV-2 Whole-herb Root bark

Table 1. Summary of products tested

RESULTS: ION MOBILITY SEPARATION

SUMMARY & CONCLUSIONS

• The isoquinoline alkaloid content was determined for seven supplement 

products of berberine/berberis extracts based on mass spectral fragmentation 

patterns and online library searching.

• With enhanced separation by ion mobility, the sample complexity was shown 

to vary significantly with some samples composed of nearly pure berberine 

and others containing significant fractions of related compounds.  

• The measured sample complexity did not appear correlated to the complexity 

implied by the product label (i.e., those marketed as whole-herb plant extracts 

vs. berberine specifically), thus making it difficult for consumers to make an 

informed choice. 

RESULTS: CHEMICAL SPECIATION

RESULTS: SPECTRAL PATTERNS
Berberine and palmatine displayed similar fragmentation patterns, with common 

constant neutral losses of CH4, C2H4O, and C3H8O (Figure 4).5 Using common neutral 

loss searching, many other structurally similar compounds were tentatively identified 

across the tested products. Selected examples are shown in Figure 4. 

The complexity varied significantly among the samples (Figure 5a-g). Berberine 

was the major component in all samples, with a variable number of additional 

alkaloids also present. In complex samples, ion mobility provided an additional 

dimension to better resolve co-eluting components.  An example of isobaric 

separation by IMS is shown in Figure 5h, where the minor component at 

m/z 352.1183 (C20H18NO5+) was separated from the major component at 

m/z 352.1549 (C21H22NO4+, palmatine), demonstrating the benefit of IMS and 

high-resolution MS for fully characterizing natural products. 
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Figure 6. Pie charts displaying the relative amounts of identified and tentatively identified compounds (by 

peak area) for each sample tested (IDs listed in Table 1). Observed isomers have been grouped by chemical 

formula. Compounds specified by name were positively identified or previously observed in Berberis extracts.6

References
1. Fan, K-Q, et al. Pharmacological properties and therapeutic potential of berberine: a comprehensive review. Frontiers in Pharmacol, 2025, DOI 

10.3389/fphar.2025.1604071. 
2. Asghari, P., et al. Berberine’s impact on health: Comprehensive biological, pharmacological, and nutritional perspectives. Metabolism Open, 28, 2025, 100399. 

3. UCLA Health “What to know about berberine, the so-called ‘nature’s Ozempic’”, https://www.uclahealth.org/news/article/what-know-about-berberine-so-called-natures-

Ozempic, accessed April 2026. 

4. PubChemLite entry for “Berberine”, https://pubchemlite.lcsb.uni.lu/e/compound/2353; Schymanski et al., Empowering large chemical knowledge bases for exposomics: 

PubChemLite meets MetFrag, J. Cheminformatics, 13, 2021.

5. Wu, W., et al. Structural analyses of protoberberine alkaloids in medicine herbs by using ESI-FT-ICR-MS and HPLC-ESI-MS. J. Pharma. And Biomed. Anal., 37, 2005, 

437-446. 

6. Basera, I.A., et al., Development of a validated UHPLC-PDA with ESI-MS-MS method for concurrent estimation of magnoflorine, berbamine, columbamine, jatrorrhizine, 

palmatine and berberine in Berberis aristata. Acta Chromatographica, 34, 2022, 412-421.

7. Long, J. et al., Palmatine: A review of its pharmacology, toxicity, and pharmacokinetics., Biochimie, 162, 2019, 176-184 

8. Rolle, J. et al. Jatrorrhizine: a review of its pharmacological effects. J. of Pharm & Pharmacol., 73, 2021, 709-719.

Pool

m/z
245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360

%

0

100

Berberine_HDMSe_002_dt_06_palmatine_high 73 (21.515) AM2 (Ar,33889.1,556.28,0.00,LS 10); Cm (73:75) 1: TOF MS ES+ 
2.38e4336.1237

294.1133

292.0980

278.0827

308.1290

295.1168

322.1075

309.1326

337.1281

Bixa botanicals

m/z
270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345 350 355 360 365 370 375

%

0

100

Berberine_HDMSe_003_dt_04_368-15_high 74 (21.647) AM2 (Ar,33889.1,556.28,0.00,LS 10); Cm (74:77) 1: TOF MS ES+ 
7.33e3352.1182

310.1078

308.0930

324.1232

338.1026

336.1231

336.0869

353.1222

Pool

m/z
215 220 225 230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330

%

0

100

Berberine_HDMSe_002_dt_09-berberrubine-high 54 (19.007) AM2 (Ar,33889.1,556.28,0.00,LS 10); Cm (51:57) 1: TOF MS ES+ 
1.61e5307.0847

279.0897

278.0822

264.0666
250.0871

280.0930

308.0880

Pool

m/z
230 235 240 245 250 255 260 265 270 275 280 285 290 295 300 305 310 315 320 325 330 335 340 345

%

0

100

Berberine_HDMSe_002_dt_08_Jatrorr_high 66 (20.591) AM2 (Ar,33889.1,556.28,0.00,LS 10); Cm (66:68) 1: TOF MS ES+ 
7.49e4322.1083

280.0974

279.0901

265.0747

307.0849

294.1136

281.1013

306.1134

295.1170

308.0916

320.0926

323.1127

Jatrorrhizine Berberastine

Berberine Palmatine

352.1549

C21H22NO4
+

0.0 ppm

322.1079

C19H16NO4
+

0.0 ppm
Berberrubine

Figure 4. Fragmentation spectra of selected alkaloids detected in the samples.  Precursor (product) ions are indicated in 

blue (black).  Berberine and palmatine were positively identified; other assignments are tentative.
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Studies of palmatine and jatrorrhizine pharmacology have reported beneficial 

effects similar to berberine (e.g., glucose regulation),7,8 however palmatine may 

have toxic side effects (e.g., oxidative stress).7  Synergistic effects have also 

been observed among combinations of isoquinoline alkaloids.7 Thus, the 

particular speciation of isoquinoline alkaloids in a supplement product can affect 

its efficacy and safety, effects which cannot be readily discerned from product 

labels.
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Figure 5. Plots of retention time (RT) vs. drift time (DT) for each supplement sample (IDs list in Table 1).  For clarity, the 

displayed ranges are limited to: RT 1-12 min; DT 3-5.75 ms, 300-400, m/z where most alkaloid species were observed. 

Panel (h) is a zoomed in XIC of m/z 352.05 – 352.2 in Sample BA-3, demonstrating isobaric resolution by IMS.   

Figure 1. Number of literature publications mentioning berberine over the 

last century (source: PubChemLite4)

Among the tested supplement products, significant variability in the distribution of 

measured alkaloid compounds was observed (Figures 5 & 6). Berberine contributed 

between 57 – 98% of the total measured peak area of known and tentatively 

identified alkaloid compounds. The second most abundant compound was generally 

either palmatine or jatrorrhizine (Figure 6).  
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