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Abstract 

Black salve, used as an alternative skin cancer therapy, contains both herbal and chemical 

constituents, including extracts of the rhizomes of Sanguinaria canadensis and zinc chloride. 

Black salves may be ordered online and have been associated with cases of extensive tissue 

necrosis and treatment failures that have resulted in patient fatalities. Despite these adverse 

outcomes and continued use by patients, black salve products have not been quantitatively 

assessed to determine their constituent concentrations.  

Thirteen different black salve products from eight manufacturers were analysed using 

validated HPLC-MS and ICP-MS methods to assess S. canadensis alkaloid and zinc chloride 

concentrations. This analysis revealed a dramatic variation in constituent concentrations 
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between manufacturers of black salve products. The alkaloid sanguinarine was found at 

concentrations significantly exceeding the cytotoxic IC50 of normal human epidermal 

keratinocytes in the majority of black salve products, with one black salve examined having a 

concentration 900 times the IC50 level. The majority of products contained zinc chloride at 

concentrations known to kill normal human tissue, while one black salve product was found 

to contain an elevated lead level of 258 ppm, which exceeds the 10 ppm FDA determined 

lead limit for cosmetic products. Whilst some of the black salve products were found to 

contain high concentrations of constituents cytotoxic to normal tissue, others were found to 

contain insufficient cytotoxic constituents to be reasonably expected to exert any anti-cancer 

activity.  

In their current formulations, the majority of black salves analysed pose a significant 

risk of harm to patients and should not be available for unregulated clinical use. Further black 

salve toxicity testing is urgently required. 

 

Keywords: skin cancer, black salve, sanguinarine, topical, escharotic, zinc chloride 

 

Abbreviations: HPLC-MS - High Performance Liquid Chromatography–Mass Spectrometry; 

ICP-MS - Inductively Coupled Plasma–Mass Spectrometry; IC50 - Half Maximal Inhibitory 

Concentration; CAM - Complementary and Alternative Medicine; QBA - Quaternary 

Benzophenanthridine Alkaloid 

1. Introduction 

Originally developed in the 19th century, cytotoxic escharotics containing Sanguinaria 

canadensis, commonly known as bloodroot and zinc chloride continue to be used today in the 

form of black salve. Despite multiple case studies associating black salve use with concerning 
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toxicities and treatment failures (Affleck and Varma, 2007; Bickle and Bennett, 2008; Brown 

et al., 2001; Eastman et al., 2014; Hou and Brewer, 2015; Jellinek and Maloney, 2005; Leecy 

et al., 2013; Ma et al., 2012; Osswald et al., 2005; Saltzberg et al., 2009; Schlichte et al., 

2014) that in two cases resulted in patient death from metastatic basal cell carcinoma (Laub 

DR 2008) and metastatic melanoma (Sivyer and Rosendahl, 2014), this controversial, 

complementary and alternative medicine (CAM) continues to be poorly regulated by 

government agencies.  

Black salve is not registered as a good therapeutic in any jurisdiction, with each  

manufacturer producing their own unique formulation. This lack of standardization or 

regulatory imposed quality control, combined with the natural phytochemical variability of 

botanical constituents, suggests black salves may be unpredictable therapeutic products 

(Croaker et al., 2016).  

Little is known about the quantitative composition of black salve preparations. Only 

one paper found in the peer reviewed medical literature has performed an analysis of black 

salve. The manuscript analyzed a single black salve preparation from an unknown 

manufacturer, with gas chromatography-mass spectrometry (GC-MS) and scanning electron 

microscopy (SEM) with energy dispersive X-ray analysis (EDXA). Numerous compounds 

were identified, but were not quantified (Osswald et al., 2005).  

As some black salve constituents have concentration dependent normal cell 

cytotoxicity (Croaker et al., 2017a) and may possess genotoxic and carcinogenic potential 

(Das et al., 2005), a quantitative analysis of black salve constituents is of significant clinical 

relevance. For this reason, we conducted a HPLC-MS and ICP-MS analysis of a broad 

selection of black salve products with a particular focus on the alkaloids sanguinarine, 

chelerythrine, protopine and allocryptopine, as well as zinc chloride concentrations. 
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2. Materials & methods 

2.1 Black salve products 

Twelve different black salve products were purchased from eight online retailers. An 

additional black salve was sourced from a local user in Northern New South Wales, 

Australia. Black salve products were kept at room temperature, unopened and stored in a 

lightproof container until their time of analysis.  

2.2 Bloodroot rhizome 

Wild harvested S. canadensis rhizomes were purchased from Pacific Botanicals (Oregon, 

United States) and confirmed as S. canadensis by Mr Peter Mouatt after comparison with 

herbarium sample voucher number: PHARN-12-0480 in the Medicinal Plant Herbarium, 

Southern Cross University, Australia. A voucher specimen of the rhizomes used in the 

present study has also been retained in the herbarium, voucher number: PHARM-18-0078. 

Bloodroot rhizome fragments were homogenized to a powder using a Retsch MM301 Tissue 

Lyzer, then stored in sealed amber vials at room temperature.   

2.3 Alkaloid standard solutions 

Sanguinarine and chelerythrine standards were purchased from Sigma-Aldrich Co. LLC. 

Protopine and allocryptopine standards were kindly supplied by Dr. Eve Taborska, Masaryk 

University, Czech Republic. A mixed standard solution containing the four alkaloids (250 

g/mL each) was prepared in methanol. A serial dilution (1 in 5) of this stock was made at 

50, 10, 2, 0.4, 0.08, 0.016 and 0.0032 g/mL. 

2.4 Methanol extraction 

Black salve products were stirred and homogenized with a measuring spatula in a low light 

environment for 30 seconds at room temperature (22oC). The homogenized samples (20 mg 

each) were accurately weighed and dissolved in 1500 l methanol in 2 ml amber glass vials 
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with the aid of sonication (40 minutes, 35oC). The contents were then centrifuged at 3000 

rpm for 5 minutes (1308g) and supernatant was removed by pipette and transferred to 2 ml 

HPLC-MS glass wells for analysis. The extractions were carried out in duplicate for each 

sample.  Dried S. canadensis rhizomes were ground to powder using a ball mill (Mixer Mill 

MM301, Retsch) and then underwent the same methanol extraction procedure as the black 

salve samples.  

2.5 HPLC-MS analysis 

The analysis was undertaken using Agilent High Performance Liquid Chromatography 

(HPLC, series 1290) equipped with a vacuum degasser, binary pump and autoinjector, diode 

array detector (DAD, 1260) and quadrupole mass detector (MSD, 6120). The quantification 

method was developed in a similar manner to those reported by Liu et al. (2014).  A 

Phenomenex Kinetex 1.7 m F5 (100 A, 150x2.1 mm) column was used and column 

temperature was set at 40 oC. The injection volume was 3 L per injection. The HPLC-MS 

system was controlled using ChemStation software. 

A linear gradient elution program containing Milli-Q water with 0.05% trifluoroacetic 

acid (TFA) and acetonitrile with 0.05% TFA was used.  The solvent gradient was 

programmed from 10 to 95% acetonitrile in 20 min with a flow rate of 0.3 mL/min and held 

at 95% acetonitrile for 3 min. The UV absorbance was monitored between 190 and 600 nm, 

and chromatograms were recorded at 288 nm for protopine, 284 nm for allocryptopine, 274 

nm for sanguinarine and 269 nm for chelerythrine. The MSD was carried out in electrospray 

ionization (ESI) mode using the following parameters: drying gas flow, 12.0 L/min; nebulizer 

pressure, 35 psig; drying gas temperature, 350oC; capillary voltage, 3000 V (positive). Single 

ion monitoring (SIM) mode was used for signal 1: m/z 354 [M+H+] for protopine (5.0 - 6.5 

min), m/z 332 [M+H+] for sanguinarine (6.5 - 11.0 min) and signal 2: m/z 370 [M+H+] for 
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allocryptopine (5.0 - 7.25 min), m/z 348 [M+H+] for chelerythrine (7.25-11.0 min). MSD was 

also set up to scan mass range 100 – 1200 at signal 3. 

The extract of S. canadensis was used as a positive control, while pure methanol was 

used as a negative control. The method was validated for linearity, precision, limit of 

detection, limit of quantification and working concentration range prior to quantification. The 

alkaloid concentration was calculated based on the UV response when at ppm level and 

calculated based on the response in MSD SIM when at ppb level. 

2.6 Black salve ICP-MS metal and chloride analysis 

Black salve samples underwent acid digestion metal analysis on a Perkin Elmer ELAN DRCe 

ICPMS. The instrument was calibrated before analysis using certified standards with 

calibration coefficients 0.9999 or greater. In duplicate, black salve samples (50 mg each) 

were accurately weighed and placed in digestion tubes, to which 5.0 ml of nitric acid was 

added. These were placed in a hot block digestor preheated to 120 oC, digested for 1 hour, 

cooled and allowed to settle for 2 hours prior to ICP-MS analysis. Chloride analysis was 

performed on a Perkin Elmer NexION 300D ICP-MS. Black salve samples (100 mg each) 

were accurately weighed and added to Falcon tubes, and dissolved in Milli-Q water (10 ml).  

The Falcon tubes were weighed using an analytical balance (0.1 mg) before and after adding 

black salve sample and water to acquire the accurate sample/water ratios (w/w). The Black 

salve Zn2+ and Cl- concentrations were determined in duplicate for each black salve and used 

to calculate the zinc chloride concentration of each black salve product.    

3. Results 

3.1 Alkaloids in black salves 

The HPLC-MS and ICP-MS analysis of 13 black salve products from 8 online retailers and 

one local user showed significant alkaloid compositional variation. S. canadensis alkaloids 
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had a striking concentration range, sanguinarine having a four order of magnitude variation 

with a 12500 fold difference between the black salves with the highest and lowest 

concentrations (Figure 1). Nine of the thirteen salves had sanguinarine levels exceeding the 

IC50 for epidermal keratinocytes (Ahmad et al., 2000). Product 2 and Product 13 had 

sanguinarine concentrations of 1.7 g/g and 1.3 g/g respectively, below the IC50 for 

epidermal keratinocytes but above that for skin fibroblasts. The concentration of Product 7 

(0.27 g/g) was at a level unlikely to confer normal or tumour cell sanguinarine induced 

cytotoxicity (Figure 1). 

Chelerythrine, the other major quaternary benzophenanthridine alkaloid (QBA) 

present in bloodroot rhizomes also has in vitro normal cell cytotoxicity, with skin fibroblasts 

(KF-II) having an IC50 of 0.6 g/ml (Malikova et al., 2006). As can be seen from Figure 2, a 

number of the tested black salves significantly exceeded this concentration level and would 

be expected to confer chelerythrine induced normal cell toxicity (Figure 2).  

3.2 Metal and chloride in black salves 

Zinc chloride is a major component of black salve formulations and our analysis shows the 

majority of black salve products tested to contain high concentrations of ZnCl2. The majority 

of black salves were found to contain 20-45% ZnCl2 by weight. The zinc concentration and 

water soluble chloride concentration were determined separately and then compared, 

allowing us to determine that the majority of zinc and chloride present in black salve 

formulations was in the form of zinc chloride (Table 1). 

On testing the black salves for the presence of heavy metals by ICP-MS, Product 2 

was found to contain lead (Pb) at a concentration of 258 ppm, which exceeds the 10 ppm lead 

level established by the FDA for externally applied cosmetics (FDA, December 2016). 
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4. Discussion 

Sanguinaria canadensis rhizomes are a key ingredient in black salve formulations and 

contain a number of alkaloids that individually target multiple molecular pathways (Croaker 

et al., 2016). The most prevalent alkaloids in S. canadensis from the benzophenanthridine 

family are sanguinarine and chelerythrine, while those from the protopin family are protopine 

and allocryptopine (Slavik, 1960). Sanguinarine has previously been reported to represent 

37% of the alkaloid pool found in S. canadensis rhizomes (Slavik, 1960); other studies 

confirm sanguinarine as the most prevalent bloodroot alkaloid (Graf et al., 2007; Salmore and 

Hunter, 2001). Sanguinarine confers concentration-dependent normal and malignant cell 

cytotoxicity, with A431 squamous carcinoma cells (SCC) having an IC50 of 0.7 g/ml and 

epidermal keratinocytes having an IC50 of 3.7 g/ml in vitro (Ahmad et al., 2000). A small 

increase in sanguinarine concentration may therefore result in bloodroot products having 

general indiscriminate cytotoxicity and the ability to disrupt the dermo-epidermal junction, 

thus permitting circulatory access of these topical agents through dermal capillaries.  

While the topical pharmacokinetics of S. canadensis alkaloids have not been studied, 

patients have developed epidemic dropsy following the topical application of sanguinarine 

contaminated massage oil suggesting sanguinarine can be absorbed systemically through the 

skin (Sood et al., 1985). This condition, characterised by altered capillary permeability has a 

mortality rate of 3-7% (Wadia et al., 1971). The topical application of 20-40 ml of 

contaminated oil containing 0.0015% sanguinarine for 30 to 60 minutes before bathing has 

resulted in the development of mild cases of epidemic dropsy (Sood et al., 1985). While there 

have been no reported cases of epidemic dropsy developing as a result of black salve 

application (Croaker et al., 2018), the highest black salve sanguinarine concentration detected 

in our current study was 0.34%, which is over 200 times the sanguinarine concentration of 
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the adulterated massage oil. As a result, there is a theoretical risk of black salve, with its 

longer 24 hour contact period, causing epidemic dropsy, especially if used at multiple sites.  

Several topical skin cancer therapies are currently available, each having a different 

pharmacokinetic profile. The maximum flux (Jmax), or amount of a compound that can 

penetrate the skin in a given time, is an important determinant of the local, systemic or 

toxicological effects of a topically applied drug (Roberts and Walters, 1998). The Jmax of S. 

canadensis alkaloids cannot be gauged by the compound concentration of a particular 

preparation; specific pharmacokinetic studies need to be performed in order to characterize 

the absorption profile. For example, an assessment of 5-fluouracil (5-FU) 5% cream in 

human cadaver skin, showed that only 2.1% of a 5-FU dose penetrates the skin over a 24 

hour period (Levy et al., 2001). In contrast, ingenol mebutate 0.05% in an Epiderm ™ skin 

model, showed an initial rapid penetration with 25% of the compound present in the 

epidermal compartment after 2 hours, reducing to 6% by 24 hours (Stahlhut et al., 2012). 

The topical pharmacokinetics of bloodroot alkaloids has not been studied as it has in the 

pharmaceutical agents mentioned above. Further studies should be undertaken to determine 

the association between alkaloid concentration and penetration. Despite the penetration 

kinetics of black salve alkaloids being currently unknown, our study demonstrates that a 

number of black salve products contain alkaloid concentrations that exceed normal cell 

cytotoxicity levels by several orders of magnitude.  

A compound’s molecular weight is the primary predictor of its skin penetration and 

absorption potential, with low molecular weight compounds (<500 Da) typically having 

greater Jmax pharmacokinetic function (Magnusson et al., 2004). The alkaloids present in 

black salve all have molecular weights below 400 g/mol, suggesting these small molecules 

pose a considerable risk of penetrating the skin barrier, and subsequently causing normal cell 
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toxicity. The extent of this risk will need to be determined by future alkaloid topical 

pharmacokinetic analysis.  

Methanol extraction of black salve products marketed as ‘therapeutics’ may also 

release more constituents than would normally be available for stratum corneum penetration. 

Despite this consideration, we established that the highest sanguinarine concentration, of 3.4 

mg/g in Product 1, was 900 times more concentrated than the IC50 of epidermal keratinocytes. 

This particular black salve, along with products 8 to 12, may cause significant normal tissue 

toxicity and pose a considerable risk to patients.  

Individually, the alkaloids present in black salve are unselective allelochemicals that 

target multiple molecular processes, and although similar in structure, they appear to have 

differing affinity profiles, which have been reviewed and discussed in our previous papers 

(Croaker et al., 2017a; Croaker et al., 2017b). This amplifies the potential for neoplastic and 

normal cell cytotoxicity. In addition to differentially targeting molecular pathways, the 

alkaloids present in black salve appear to induce different modes of cell death. Sanguinarine 

induces cell death in keratinocytes by necrosis but in SCC cells by apoptosis (Ahmad et al., 

2000), while sanguilutine has been found to induce cell death by autophagy and necroptosis 

(Hammerova et al., 2012).  

Most studies to date on S. canadensis alkaloids have examined their effects in 

isolation. As black salve contains a number of cytotoxic alkaloids, black salve constituents 

may possess additive or synergistic cytotoxicity. A synergistic action between S. canadensis 

alkaloids has been suggested in microbiological experiments using Helicobacter pylori 

(Mahady et al., 2003), where sanguinarine (a major alkaloid in bloodroot) had a minimum 

inhibitory concentration (MIC) of 50 g/ml and chelerythrine (the other major alkaloid in 

bloodroot) 100 g/ml, whereas S. canadensis extract, which would contain both of these two 
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major bloodroot alkaloids and others, had a lower MIC of 12.5 g/ml. The additive or 

synergistic cytotoxic effects between each of the constituents in black salve against normal or 

cancer cells have not been assessed, and so the individual constituent concentrations reported 

in the current study may underestimate the normal tissue toxicity risk posed by black salve. 

Despite often being promoted as a natural skin cancer therapy, zinc chloride, which 

represents the main constituent by weight of some of the black salves tested, also has 

cytotoxic effects, causing 40% HLE B-3 human epithelial cell apoptosis and necrosis at a 

concentration of 80 g/ml in vitro (Du et al., 2014). Human in vivo studies have shown zinc 

chloride to have an escharotic effect, with its depth of application determining the depth of 

tissue fixation and death (Mohs, 1941). ZnCl2 concentrations of 20 to 45% kill and 

histologically fix both benign and malignant tissue (Mohs and Guyer, 1941), facilitating the 

staged complete removal of skin tumours. The majority of black salves we tested had ZnCl2 

concentrations that fell within this range. They would therefore be expected to lack cancer 

specificity as is often claimed. The zinc chloride used in Moh’s fixed tissue technique 

allowed the surgical removal of skin cancers; the fixative was never used nor recommended 

as a standalone skin cancer treatment by Mohs.  

Of added concern, Product 2 contained lead (Pb) levels 25 times higher than the 

safety limit recommended by the FDA. Thus some black salves, in addition to their other 

risks, may place patients at risk of heavy metal toxicity. 

In addition to the normal cell cytotoxicity risk of some black salves (Brown et al., 

2001) and the treatment failure risk of others (McDaniel and Goldman, 2002), the major 

alkaloid present in black salve formulations, sanguinarine, may have carcinogenic potential. 

Evidence from genotoxicity (Matkar et al., 2008; Das et al., 2004), murine carcinogenesis 

tests (Ansari and Das, 2010), and the association of sanguinarine-containing mouthwashes 
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with oral leukoplakia development (Damm et al., 1999), all suggest black salve should not be 

used by patients until its mutagenic and carcinogenic potential has been conclusively 

established (Croaker et al., 2017b).  

These previous tests have generally used low in vitro sanguinarine concentrations, 

below 10 M, due to compound cytotoxicity (Kevekordes et al., 2001) and low murine in 

vivo intraperitoneal doses at 10 mg/kg body weight or below (Das et al., 2004). These 

concentration ranges do not reflect the sanguinarine exposure that would ensue from using 

some of the black salve products tested. The systemic absorption and carcinogenic potential 

of high sanguinarine topical exposures should, therefore, be assessed as should the mutagenic 

potential of black salve therapies in human skin equivalent or human skin explant models, 

especially in adjacent skin tissue that remains viable and does not undergo necrosis.  

5. Conclusion 

The authors targeted quantitative analysis of black salve composition and its variability 

between sources are to our knowledge the first study to report on this important issue. The 

majority of black salves assessed contain high concentrations of cytotoxic alkaloids and 

ZnCl2 that are expected to result in significant tissue necrosis. Moreover, a proportion of the 

black salves tested lacked sufficient constituent concentrations to confer tumour cytotoxicity, 

potentially placing patients at risk of cancer persistence and subsequent metastasis. Black 

salve manufacturers should be subjected to adequate and regulated quality control processes. 

The finding of heavy metal lead contamination in one black salve product also raises 

questions about manufacturer quality control processes. Black salve and other topical CAM 

therapies should be subjected to the same rigorous scientific and clinical evaluations required 

of pharmaceutical products. Not doing so, as our analysis suggests, places patients at 

considerable risk of toxicity and therapy failure. It is our contention that black salve has a 
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poor therapeutic index and should not be used in any circumstance until further efficacy and 

toxicity studies are undertaken. 
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Figure 1 

 

Figure 1. Sanguinarine concentrations of black salve products (g/g) and their relationship to 

the historical IC50 of normal skin cells stated in the literature (Ahmad et al., 2000; Slaninova 

et al., 2007). Error bars represent standard deviation (n=2). 
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Figure 2 

 

Figure 2: Chelerythrine concentrations of black salve products (g/g) and their relationship to 

the historical IC50 of normal skin cells stated in the literature (Slaninova et al., 2007). Error 

bars represent standard deviation (n=2). 
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Tables 

 

Table 1: Zinc Chloride Content in Black Salve Products (Mean ± Standard Deviation, n=2) 

Product ZnCl2 Content (%) 
calculated from  

Zinc concentration  

ZnCl2 Content (%) 
calculated from  

Chloride concentration  

ZnCl2 Content (%) 
average from  

both calculations 

1 28.5 ± 0.1 27.1 ± 0.4 27.8 ± 0.9 

2 54.5 ± 21.9 37.0 ± 0.9 45.7 ± 16.2 

3 42.3 ± 0.4 40.1 ± 0.4 41.2 ± 1.4 

4 42.7 ± 0.5 42.0 ± 0.3 42.4 ± 0.5 

5 37.9 ± 0.7 36.6 ± 0.8 37.2 ± 1.0 

6 40.5 ± 1.1 40.1 ± 0.1 40.3 ± 0.7 

7 25.2 ± 0.5 22.7 ± 0.1 23.9 ± 1.5 

8 46.5 ± 0.3 42.1 ± 0.1 44.3 ± 2.5 

9 32.4 ± 1.3 30.2 ± 1.3 31.3 ± 1.7 

10 25.0 ± 0.4 22.7 ± 0.3 23.8 ± 1.4 

11 0.2 ± 0.2 0.2 ± 0.1 0.2 ± 0.1 

12 0.003 ± 0.0001 0.3 ± 0.1 0.1 ± 0.1 

13 12.2 ± 0.1 11.9 ± 0.8 12.1 ± 0.5 
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