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The unintended consequence of the ingestion of certain foods to alter the scent or color of urine is well known. 
Less awareness exists regarding the practice of ingestion of natural products or drugs with the intended purpose 
of conferring urine the scent of violets. The resin of the terebinth tree and the derived turpentine were widely 
used in antiquity in wine-making, both as taste enhancer and conserving agent, so the effect on urine was 
possibly noticed due to the presence in wines. It is also possible that turpentine’s effect on urine was noticed 
subsequent to its use as medicine, as a component of various remedies popular in those days. The scent 
altering effect requires metabolic conversion of pinene, the main turpentine component to ionone, the molecule 
mainly responsible for the scent of violets. The metabolic pathway (in humans or otherwise) was (to our knowl-
edge) not yet described. We here propose a possible metabolic pathway for the conversion of pinene to ionone, 
explaining the scent altering effect of turpentine. We also provide calculated pharmacokinetic (pK) data for the 
mentioned substances.

1. Introduction
The unintended consequence of the ingestion of certain foods of 
drastically altering the scent (asparagus) or color (beetroot) of urine 
is well known (Mitchell 2001). Less awareness exists regarding the 
ingestion of food or natural substances with the intended purpose 
of conferring urine a more pleasant scent: the resin of the terebinth 
tree (Pistacia terebinthus) and the derived distillate (Oleum tere-
binthinae), juniper berries (Fructus juniperi) and the oil (Oleum 
juniperi) as well as eucalyptus oil, all can to various degree confer 
urine a scent reminiscent of violets (Petroianu et al. 2018).
The most efficacious – according to lore – appears to be the 
distillate from the terebinth resin: the oil of turpentine. Turpentine 
ingestion for this specific purpose is attributed to Queen Cleopatra 
(French 1964; Apley 1973) and later also to Roman demi-monde 
belles (Heine 1844; Rutgers 1922; Rivière 2005).
Turpentine’s effect on urine was initially noticed subsequent to 
its use either as medicine or to its use in wine-making, both as 
taste enhancer and conserving agent. As a consequence there was 
widespread exposure of the population to and awareness of its 
effects (Weber 1826; McGovern 2003; Norton 2006). The scent of 
violets is due to various mono-cyclical terpenoids, mainly ionones 
(C

13
) and irones (C

14
). Ionone synthesis was first achieved in 1893 

(Tiemann and Krüger 1893; Petroianu et al. 2018; Petroianu 2019). 
The ability not only of ingested, but also of topically applied or 
inhaled turpentine essence to confer a violet-like scent to urine 
was experimentally confirmed by Sloane (1743) and later by Steh-
berger (1827). The fate of turpentine oil in the human body was 
examined by Friedrich Wöhler (1800–1882). He pointed out that 
internal and external use of this oil, as well as the inhalation of 
its vapor, quickly communicate a violet odor to the urine. Mixing 
oil of turpentine with urine however does not generate the violet 
smell (Woehler 1824). The topic was also examined by Edmund 
Sachs (1837–1907): he noted that only oil of turpentine but not 
colophony (rosin) produces the violet scent in urine in humans. 
Furthermore he pointed out that admixture of turpentine (oil of) to 
urine does not create the violet scent either (Sachs 1862).

This indicates the need for metabolic conversion of turpentine oil 
components in order to obtain the violet-like scent. The metabolic 
pathway (in humans or otherwise) was (to our knowledge) not yet 
described (Vespermann et al. 2017).
Theodor Brümmer (1873–1959) examined the effect of daily admin-
istration of a low dose of oil of turpentine in humans: when receiving 
daily 20 drops (1 mL) of a 0.1% oil of turpentine solution the violet 
scent of urine appears after 3-4 days, or after administration of a 
cumulative dose of 4 mg of oil of turpentine (Brümmer 1900).
The most prevalent components in (the oil of) turpentine are 
the bicyclic mono-terpenes (C

10
) α - and β -pinene, with lesser 

amounts of carene, camphene and limonene, and trace amounts of 
many other compounds (Table 1).
After exposure to pinene, less than 0.001% of the total uptake was 
eliminated unchanged in the urine and about 8% in exhaled air. 
The high clearance of α-pinene indicates that α-pinene is readily 
metabolized (Falk et al. 1990).
Falk Filipson confirms these findings and provides additional 
pK data. The mean relative uptakes of α-pinene, β-pinene, and 
3-carene were 62%, 66%, and 68% respectively, of the amount 
supplied (inhalation) (Falk Filipson 1996).
These results are in-line with the experimentally determined logP 
(lipophilicity) of the turpentine components: 4.44 (Griffin et al. 
1999) and 4.83 (Li and Perdue 1995) for α-pinene, 4.16 (Griffin et 
al. 1999) for β-pinene, 4.38 carene, 4,22 camphene (Griffin et al. 
1999) and 4.57 limonene (Li and Perdue 1995).
The monoterpenes were readily metabolised and only small 
percentages of the total uptake were eliminated as unchanged 
monoterpene through the lungs (between 2% and 5% of the net 
uptake) and even less in the urine. The mean blood clearance 21 h 
after exposure of α-pinene, β-pinene and 3-carene, were 0.8, 0.5, 
and 0.4 l.kg-1.h-1, respectively. Conversion of pinene to ionone 
and/or ionone-like compounds is expected to be accompanied by a 
reduction in logP (increase in hydrophilicity). Griffin et al. (1999) 
determined experimentally logP for α-ionone as 3.85. Many other 
sources quote for ionone values between 2.9 and 3.9. The reduc-
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Table 1: The main components in the oil of turpentine. Pinene is the 
most prevalent constituent while carene, camphene and limonene are 
present in lesser amounts. 

Pinene

Carene

Camphene

Limonene

Fig. 1: Possible metabolic pathways to α-and β-ionone based on the enzymatic oxidation of α-pinene and β-pinene.

tion in logP favors subsequent renal elimination as evidenced by 
the documented violet-like scent of urine after turpentine exposure 
(Petroianu et al. 2018).
Chithalen et al. (2002) noted that cytochromes P450 (CYP) hydrox-
ylation of β-ionone is highly efficient and that there is little accumula-
tion of intermediates unless the substrate concentration is raised into 
the low micromolar range (as would be the case with intentional or 
accidental ingestion). Rabbits dosed orally with β-ionone excreted in 
the urine unchanged β-ionone (Ide and Toki 1970). Ionone induced 
CYP1A and CYP2B; induction by β-ionone was higher than that by 
α-ionone in both the mRNA and protein levels (Jeong et al. 2002).
The acute toxicity of α-ionone, β-ionone and ionone standard (60% 
α-ionone, 40% β-ionone) is low (Lalko et al. 2007; Belsito et al. 2007).

2. Investigations, results and discussion

2.1. Possible metabolic conversion of pinene to ionone
We propose a possible metabolic pathway that might lead to α-and 
β-ionone based on the enzymatic oxidation of α-pinene and β-pinene, 
respectively (Fig. 1: Pathway 1a & 1b) (Hampel et al. 2007; Krings et 
al. 2009; Negoi et al. 2018). Oxidation of α-pinene or β-pinene by CYP 
might lead to intermediates I and Ia, respectively. Rearrangement of 
the free radicals in I and Ia, should deliver intermediates II and IIa, 
respectively. Then, intermediate IIa should abstract an H• from CYP to 
deliver intermediate IIIa. The latter, will lose the allylic H• to CYP to 
produce intermediate I. At this stage, the two routes converge through 
the formation of intermediate II. The latter is formed through free 
radical rearrangement and cleavage of the cyclobutyl ring leading to II. 
Subsequent oxidation of, intermediate II should be oxidized to furnish 
the alcohol III which upon oxidation produces the aldehyde IV. At this 
junction, Knoevenagel condensation of IV with acetone should produce 
intermediate V. 1,5-sigmatropic rearrangement of V should produce 
intermediate VI. Rearrangement of the highly conjugated system in VI 
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should deliver the trienol VII. The latter can easily rearranges to both 
α-and β-ionone as shown in pathways 1a and 1b. The two routes might 
converge as a result of 1,5-sigmatropic rearrangement of V leading to 
intermediate VI. One of the key component of this proposed metabolic 
transformation is acetone. Acetone could be produced in organisms 
either by the decarboxylation of acetoacetate or the dehydrogenation 
of propan-2-ol according to the proposed routes in pathways 1a and 1b. 
It is well documented that acetoacetate decarboxylation is the major 
source of acetone in mammals, which could arise from either lipolysis 
or degradation of amino acid (Kalapos 2003; Koorevaar and Van 
Stekelenburg 1976; Nordmann et al. 1973; Theorell et al. 1951).

2.2. Computational details
The physicochemical parameters (TPSA, XLOGP3 and MLOGP) 
were calculated employing the SwissADME webserver (Daina 
et al. 2017). The parameters related to absorption, distribution, 
elimination and toxicity were calculated using the ADMETLab 
webserver (Dong et al. 2018). Additionally, in-silico prediction 
for the site of metabolism and the human CYP involvement were 
achieved via the SOMP webserver (Rudik et al. 2015).
According to the calculated data given in Table 2, the physico-
chemical parameters of α and β-pinene demonstrate their lipophilic 

nature. Their membrane permeation is significant and favors intes-
tinal absorption and blood bioavailability of more than 30%. Their 
computed Volume of Distribution (Vd) indicates an even tissue 
distribution and the ability of reaching the site of metabolism as 
well as the ability to penetrate the blood brain barrier.
Toxicity related parameters such as hERG-blocking activity and 
LD50 indicated their safety profile. α- and β-ionones showed 
higher hydrophilicity as indicated by their computed PSA and Log 
P

o/w
 which are consistent with the previously measured experi-

mental values and favor renal elimination.
The predicted sites of metabolism (SOM) of the pinene mono-
terpenes with respect to the corresponding human CYP isoform 
involvement are given in Fig. 2. The predicted sites are consistent 
with the known metabolic reactions especially; allylic oxidation, 
epoxidation and stereoselective gem-dimethyl hydroxylation (Ishida 
et al. 1981; Eriksson and Levin 1996). Furthermore, the predicted 
CYP isoforms with high probabilities were; 1A2, 3A4, 2C19 and 
2D6. Recently, an X-ray crystal structure of α-pinene with CYP 2B 
was resolved (PDB-ID: 4I91) confirming the role of CYP 2B6 and 
2A6 in their metabolism (Wilderman et al. 2013; Shah et al. 2015).

2.3. Conclusion
Terebinth resin and oil were widely used in antiquity both for 
medicinal and wine preservation purposes. The effect of ingestion 
on the scent of urine could not have gone unnoticed. A metabolic 
pathway for the synthesis of α and β-ionone (responsible for the 
violet scent) from α and β-pinene (main components in turpentine) 
is proposed, explaining the scent altering effect of turpentine expo-
sure. PK data for the compounds of interest is provided.

Conflict of interest: None declared.
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