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1. Introduction

The unintended consequence of the ingestion of 
certain foods to alter the scent or color of urine is 
well known [1]. Less awareness exists regarding 
the practice of ingestion of natural products or 
drugs with the intended purpose of conferring 
urine the scent of violets [2]. The resin of the tere-
binth 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 [3]. 

The scent altering effect requires metabolic con-

version of pinene, the main turpentine component 
to ionone, the molecule mainly responsible for the 
scent of violets [2,4]. The metabolic pathway (in hu-
mans or otherwise) was (to our knowledge) not 
yet described [4]. Thus, we here propose a possible 
metabolic pathway for the conversion of pinene to 
ionone, explaining the scent altering effect of tur-
pentine. 

2. Materials and methods 

In-silico prediction of the site of metabolism and 
the human CYP involvement were achieved via 
the SOMP webserver [5].

3. Results

We propose a possible 
metabolic pathway that 
might lead to α-and 
β-ionone based on en-
zymatic oxidation of 
α-pinene and β-pinene, 
respectively [Figure 1: 
pathway 1a and 1b] [6]. 

Oxidation of 
α-pinene or β-pinene by 
CYP might lead to in-
termediates I and Ia, re-
spectively. Rearrange-
ment of the free radicals 
in I and Ia, should de-
liver intermediates II 
and IIa, respectively. 
Then, intermediate IIa 
should abstract an H. 
from CYP to deliver in-
termediate IIIa. The lat-
ter, will lose the allylic 
H. to CYP to produce 
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Figure 1 Possible metabolic pathways to α-and β ionone based on the enzymatic oxidation of 
α-pinene and β-pinene
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intermediate I. At this stage, the two routes (1a and 
1b) converge through the formation of intermedi-
ate II. The latter is formed through free radical re-
arrangement and cleavage of the cyclobutyl ring 
leading to II. Subsequent oxidation of intermediate 
II should furnish the alcohol III which upon oxida-
tion 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 sys-
tem in VI should deliver the trienol VII. The latter 
can easily rearranges to both α-and β-ionone as 
shown in Figure 1a and 1b. The two routes might 
converge as a results of 1,5-sigmatropic rearrange-
ment of V leading to intermediate VI. 

One of the key component of this proposed met-
abolic transformation is acetone. Acetone could be 
produced in organisms either by the decarboxyla-
tion of acetoacetate or the dehydrogenation of pro-
pan-2-ol according to the proposed routes in Fig-
ure 1a and 1b. It is well documented that acetoace-
tate decarboxylation is the major source of acetone 
in mammals, which could arise from either lipoly-
sis or degradation of amino acid [7]. 

The predicted sites of metabolism (SOM) of the 
α- and β-pinene monoterpenes with respect to the 
corresponding human CYP isoform involvement 
are given in Figure 2. The predicted sites are con-
sistent with the known metabolic reactions espe-

cially; allylic oxidation, epoxidation and stereose-
lective gem-dimethyl hydroxylation [8]. Further-
more, the predicted CYP isoforms with high prob-
abilities 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 the metabolism α- and 
β-pinenes [9]. 

4. Conclusions

Metabolic pathways for the synthesis of α- and 
β-ionones from α- and β-pinenes are proposed, 
explaining the scent altering effect of turpentine 
exposure.  
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Figure 2 Predicted site of metabolism (SOM) for α- and 
β-pinene monoterpenes along with the cytochrome P-450 
isoforms involved, where, values between brackets indicate the 
probability of involvement.


