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Peru Balsam, a resinous substance derived from Myroxylon balsamum var. pereirae, has
historically been used as a topical ointment for various skin conditions such as scabies,
poorly healing wounds, eczema, and haemorrhoids. The ingredients responsible of these
properties are not fully elucidated. We investigated the chemical composition of two Peru
Balsam samples, one historical and one modern, using gas chromatography/mass
spectrometry to identify the active ingredients responsible for its pharmaceutical properties.
Both Peru Balsam specimens investigated had similar compositions, showing the stability of
the substance. Components identified are effective against scabies, exhibit antimicrobial
activity and aid skin penetration. These properties are consistent with historical uses of Peru
balsam. Several ingredients are also known allergens. This study, combining chemical
information with scientific literature related to pharmaceutical properties of natural
substances, represents a breakthrough in the elucidation of active ingredients in Peru Balsam.
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1. Introduction

Despite its historical significance and its recognised pharmaceutical properties, little is
known about the composition of Peru Balsam and in particular the active ingredients
responsible for its pharmaceutical properties. This substance is derived from a tree known as
Myroxylon balsamum var. pereirae, which grows in Central America (primarily in El
Salvador) and South America (Fig. S1) (Amado and Taylor 2006). The resinous substance is
called “Peru Balsam” not because of its geographic provenance but because the balsam was
most commonly shipped to Spain via Peru (Estes 1995). It is also known under the names
Balsam of Peru, balsam-of-Peru tree, black balsam, Indian balsam, balsam Peru and Peruvian
balsam (Khan and Abourashed 2009).

Peru Balsam has been widely used as a pharmaceutical substance for its antiseptic properties
(Collier and Nitta 1930). Its properties as a contact allergen have also been reported (de
Groot 2019). Although Peru Balsam has been used widely historically and is still used today,
surprisingly little is known about its chemical composition (de Groot 2019). Modern attempts
to characterise the composition of Peru Balsam have been incomplete and conflicting
(Steigenberger 2013; Hausen et al. 1995; Mammerler 2007; Yun et al. 1999; Seo, Park, and
Park 2012). This work presents the chemical analysis of 2 exudate specimens of Peru balsam
in order to elucidate their chemical composition and identify active ingredients (Fig. S2).

2. Elucidating the molecular composition of Peru Balsam

The analyses by GC/MS of the two specimens investigated in this study provided very
similar chromatograms dominated by a peak identified as benzyl-benzoate (#11, Fig. S3 and
Tab. S1). Benzoic acid (#4), 3,4-dimethoxycinnamaldehyde (#5), cinnamic acid (#8) and
benzyl-cinnamate (#13) are also major compounds in both samples. The peak area ratios of
benzoic acid to benzyl benzoate and of cinnamic acid to benzyl cinnamate were higher for the
aged sample than for the fresh sample, suggesting a partial hydrolysis of the ester bonds (Tab.
S2). Compound (#5) did not match any entry in the library but was identified based on its MS
spectrum. The [M-1]+, [M-15]+ and [M-29]+ indicate a-cleavage, which is the predominant
fragmentation mode of aldehydes, particularly aromatic aldehydes. The peaks at m/z=123 and
m/z=163 point to a phenylpropanoid structure. The structure deviates from coniferyl aldehyde
in only the mass equivalent of CH». Therefore, a possible structure is 3,4-
dimethoxycinnamaldehyde. This substance may correspond to previously unidentified
phenylpropanoids that have been reported in the literature (Steigenberger 2013). Nine



molecules were also identified as minor components in both samples (Tab. S1; Fig. S3-S10).
These include nerolidol (#9), identified in its un-derivatised form, vanillin (#7), 3,3-
dihydroxyprop-2-enal (#1), Coniferyl benzoate (#15) and two fatty acids (namely palmitic
acid (#12) and stearic acid (#14)). Finally, 3 compounds could not be identified (#2, #3 and
#6). The early elution of these compounds points towards relatively low polarity and/or
molecular weight. Our results are in accordance with previous studies for the most abundant
components. Benzyl-benzoate (#11) and benzyl-cinnamate (#13) have been identified as
constituents of the balsam (Hausen et al. 1995; Yun et al. 1999; Mammerler 2007;
Steigenberger 2013). Previous investigations have been conflicting regarding the minor
constituents. Over 120 constituents have been named as constituents of Peru Balsam, yet only
20 of these have been identified in more than one analysis (Hausen et al. 1995; Yun et al.
1999; Mammerler 2007; Steigenberger 2013). Some differences can be explained by method
of preparation. For example, methyl esters (e.g. methyl benzoate and methyl cinnamate)
identified by (Hausen et al. 1995; Yun et al. 1999; Mammerler 2007) may form from benzyl
benzoate (#11) and benzyl cinnamate (#13) via transesterification with methanol in certain
conditions or under prolonged exposure to methanol. Other differences may be explained by
storage condition. The concentration of coniferyl benzoate (#15) has been shown to be
declining rapidly with age of the sample (Hausen et al. 1995). Contamination from the rather
complex production process of the balsam may also explain some of the variability. The
present analysis supports the conclusion that Peru Balsam is not reliably identifiable via

minor constituents (Courel et al. 2019).

3. Pharmaceutical properties of molecules constituting Peru Balsam

While the pharmaceutical effectiveness of Peru Balsam as a whole has not been scientifically
demonstrated, it is evidenced by the individual pharmaceutical properties of its constituents.
Historically, Peru Balsam has been used as a topical ointment against various skin conditions
(de Groot 2019). It has been used, for example, to treat scabies (Howes 1949; de Groot
2019). This can be substantiated from its chemical composition. It has been shown that
benzyl benzoate (#11), which we identified as the major constituent in Peru Balsam, is an
effective topical treatment for scabies (Alberici et al. 2000; Sule and Thacher 2007; Goutam
et al. 2016). Peru Balsam has also been used against a wide range of skin conditions, such as
poorly healing wounds, decubitus, eczema, pruritus, haemorrhoids and anal pruritus (de
Groot 2019). The usage of Peru Balsam for such indications may be linked to several

constituents that we identified that demonstrate antifungal and antibacterial activity.



Cinnamic acid (#8) has been shown to be effective across a wide range of bacteria and fungi
(Melliou and Chinou 2004). Benzoic acid (#4) is a cytostatic (Nair 2001) and is commonly
used as a preservative as well. It exerts antimicrobial activity by the suppression of macro-
autophagy (Hazan et al. 2004). The substance also disrupts and permeates cell membranes,
altering the pH within the cell and disrupts intracellular processes via interaction with several
enzymes involved in metabolic routes such as the Krebs cycle, glycolysis, and oxidative
phosphorylation (del Olmo et al. 2017). Nerolidol (#9), present in a small amount in the Peru
Balsam samples analysed in this study, is also responsible for a range of effects against skin
conditions. It is anti-inflammatory (Fonséca et al. 2016), anti-bacterial, anti-fungal and is
effective against a wide range of parasites as discussed in detail by Chan et al. (2016). The
antiulcerogenic effects of the Peru Balsam can be attributed to nerolidol (#9) (de Groot, 2019;
Klopell et al. 2007).

Several constituents of Peru Balsam enhance skin penetration. They also amplify the effects
of other active ingredients by working synergistically (Pandit et al. 2015). Nerolidol (#9)
enhances trans dermal drug delivery (Krishnaiah et al. 2006), a property that has been
attributed to its lipophilic (El-Kattan et al. 2001) and amphiphilic properties (Aqil et al.
2007). Nerodlidol (#9) also shows synergetic interactions with other substances regarding
antibacterial effects (Van Zyl et al. 2010). Benzoic acid (#4) is absorbed well by the skin (van
de Sandt et al. 2004). As described, ingredients present positive effects to the skin but Peru
Balsam is also recognised as a contact allergen. Reactions are invoked especially by benzyl
benzoate (#11), benzyl cinnamate (#13), benzoic acid (#4) and nerolidol (#9) (Hausen et al.
1995). Benzoic acid (#4) and benzyl cinnamate (#13) are known as weak sensitizers (Larmi
et al. 1989; Wilhelm et al. 2001; Kolle et al. 2019).

Several constituents of Peru Balsam also exhibit therapeutic properties via other drug
delivery routes. Cinnamic acid (#8) exhibits hepatoprotective properties when administered
via an intragastric tube (Fernandez-Martinez et al. 2007). Another constituent of Peru
Balsam, 3,4-dimethoxycinnamaldehyde (#5), was also tested in the same study but showed
no effect. Vanillin (#7) may improve psoriatic skin inflammation (Cheng et al. 2017),
inflammatory bowel disease (Wu et al. 2009) via oral delivery and promises to combat
oxidative brain injury (Makni et al. 2012) as well as sickle cell disease (Zhang et al. 2004)
and relax coronary and basilar arteries (Raffai et al. 2015) when injected. Nerolidol (#9) has
been shown to protect kidneys from injury in mice when administered interperitoneally
(Zhang et al. 2017). Utilizing Peru Balsam in these ways is likely unsafe not only due to its

complex chemical composition that may cause unpredictable effects, but especially because



of the toxicity of some of the constituents. The clastogenicity and mild genotoxicity of

nerolidol was for example observed when administered orally in mice (Piculo et al. 2011).

4. Conclusion

This study using gas chromatography and mass spectrometry allowed us to elucidate the
chemical composition of two specimens of Peru Balsam. The similarity in composition of the
two samples shows the stability of the substance over time. Then, we were able to identify
the active molecules responsible for some of the pharmaceutical properties of Peru Balsam by
combining the chemical information and the scientific literature related to pharmaceutical
properties of natural substances. This study represents a breakthrough in the elucidation of

active ingredients in Peru Balsam.
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