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Abstract: Among many species, the establishment of hierarchical relations contains a highly ritualized behavioral context 

accompanied by the delivery of volatile agents, namely ketones and aldehydes, into environment. These substances act as signals 

contributing to defining and maintaining social hierarchies. Among mammals, some volatile compounds are released into the 

environment to report the presence of danger or conflict to conspecifics. For example, rats release an alarm pheromone, 

2-heptanone, through their urine when subjected to physical stress. However, it is unknown whether some similarity occurs in 

human being, in spite that many possible alarm compounds have been identified in human fluids, including 2-heptanone. Contact 

sports may represent a situation of psychosocial interaction in which some hierarchy is established at the end of the contest. In 

such a case, the first match in martial arts competitions represents a natural model that is seemingly useful for studying alarm 

conditions in humans since there are two outcomes, winner and non-winner and after a stressful situation represented by contest, 

some kind of hierarchy is established. The present study measured urinary concentrations of 2-heptanone using gas 

chromatography-mass spectrometry and applied anxiety measures (State-Trait Anxiety Inventory, STAI) in a sample of healthy 

student athletes. Compared with martial-arts winners, the characteristics of the non-winners included an increase in their urinary 

2-heptanone content (F2,18 = 5.541, p < 0.01), with no changes in anxiety scores (STAI-T: F2,18 = 0.052, p = 0.949; and STAI-S: 

F2,18 = 1.083, p = 0.360). The production of this ketone seems to be related with metabolic routes of fatty acids involving the 

participation of the so called stress hormones that may lead to an increase in the lipolysis of fatty acids and production of their 

metabolites, and among them, 2-heptanone. The increased release of 2-heptanone at the end of the match in non-winners may be 

interpreted as the release of an alarm signal that indicates imminent danger, similar to the occurrence in other species.  
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1. Introduction 

In animals that live in groups, confrontations are part of 

everyday life and occur within a highly ritualized behavioral 

context [1, 2], leading to the establishment of hierarchical 

relations but producing a considerable degree of stress, 

namely in defeated individuals [3]. Some volatile odoriferous 

substances are released by rodents in corporal fluids and act 

as signals that contribute to the establishment and 

maintenance of social hierarchies [4, 5]. The preputial gland 

of dominant male rodents releases two ketones [6], one of 

which, 2-heptanone, is able to produce anxiety in another 

receptor conspecific [7]. 

In primates, some chemical signals are also released in 

urine during confrontations between males that compete for 

dominance in the hierarchy or between females that compete 

for food resources [8]. However, few studies have 

investigated the role of chemical signals in humans. Contact 

sports represent a ritualized conflict situation between 

contenders who are subjected to considerable stress [9, 10]. 

Martial arts competitions may serve as a natural model of 
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social interaction, in which a highly ritualized conflict 

situation occurs. After physical contact, in most cases, only 

one winner is possible, thus establishing a type of hierarchy. 

Unknown are whether odoriferous substances, identified as 

alarm pheromones [11], are released by competitors of contact 

sports and whether urinary excretion is related to the result of 

the contest. We hypothesized that during martial arts 

competitions, healthy humans release chemical danger or 

warning signals. We compared the delivery of urinary 

2-heptanone between winners and non-winners in combat 

sports and associated the results with measurements of anxiety 

a few minutes prior to the first combat in the tournament, again, 

a few minutes after the competitors knew the results of the first 

combat, and 1 week after the tournament. 

2. Materials and Methods 

The present study complied with the provisions of 

international codes of ethics, the Nuremberg Code, the 

Declaration of Helsinki of the World Medical Association, and 

the International Principles of Biomedical Ethics Research 

Council for International Organizations of Medical Sciences. 

Authorization was obtained from the Biomedical Research 

Institute Ethical Committee, Universidad Nacional Autónoma 

de México. Informed consent was obtained from the 

participants, who received information about the aims and 

benefits of the study. The techniques and maneuvers 

associated with the study did not represent any harm to the 

volunteers, since students only were asked to collect their 

urine and answer a structured anxiety inventory, three times.  

2.1. Participants  

A total sample of 20 healthy male university undergraduate 

student athletes, aged 18-25 years from the Universidad 

Veracruzana, who were selected as contenders in martial arts 

tournaments were invited to participate in the study. The 

criteria for inclusion in the study were high degrees of 

competitiveness (black belts), weighing 56-70 kg (depending 

on their category of competition), and at least six previous 

tournaments of experience in their respective specialties 

(karate do, n = 6; judo, n = 14). Fifteen days before the 

tournament, they received an explanation about how to collect 

their urine samples. They also received a brief explanation 

about the questionnaire used in the study, the State-Trait 

Anxiety Inventory: STAI-S (state anxiety) and STAI-T (trait 

anxiety) [12]. 

2.2. Procedure  

The present study included three measurements of the 

dependent variables. The first measurement was obtained 

before the first match of the tournament (M1). The second was 

obtained 20 min after the competition (M2). The third was 

obtained 1 week after the tournament (M3). In each 

measurement, a urine sample was obtained, and the STAI was 

applied. The two measurements obtained on the day of the 

competition were performed in the corresponding dojo 

between 9:00 AM and 7:00 PM. The third measurement was 

obtained in the home of the competitors. 

2.3. Collection of Urine Samples and Head-Space Using Gas 

Chromatography-Mass Spectrometry (GC/MS) Analysis  

Urine samples (10 ml) were collected in sterile plastic vials 

(Nipro Medical of México) and then immediately frozen at 

-20ºC. The urine was deposited in head-space vials that were 

hermetically sealed with cap PTFE/silicone. The urine 

samples were stored at -20°C and then thawed at room 

temperature before the analyses. The analysis of volatile 

compounds was performed using a gas chromatograph 

(Agilent Technologies, 6890N) equipped with a static 

head-space sampler (Agilent Technologies, 7694E). A 10 ml 

urine sample was introduced into a 20 ml head-space vial and 

sealed with a PTFE/silicone rubber Teflon cap. Each vial was 

equilibrated at 85°C for 45 min in the static head-space 

sampler. The head-space samples were injected into a DB-5 

capillary column (J&W Scientific, 60.0 m x 0.25 mm x 0.25 

µm film thickness). The injector temperature was 250°C, with 

helium (1.0 ml/min) as the carrier gas. The oven temperature 

was maintained at 40°C for 5 min and then increased to 210°C 

at a rate of 30°C/min. Finally, the temperature was increased 

to 213°C at a rate of 3°C/min for 3 min. 2-heptanone was 

identified by mass spectrometry using a mass detector 

(Agilent Technologies, 5975 inert XL). Mass spectra were 

obtained by ionization with electronic impact at 70 eV, and 

2-heptanone was identified based on its retention indices and 

by matching its 70 eV mass spectra with those contained in the 

mass spectra (HP Chemstation-NIST 05 Mass Spectral search 

program, version 2.0d) and further verified by comparison 

with a 2-heptanone standard (catalog no. 537683, 

Sigma-Aldrich) analyzed under the same conditions. 

2.4. Application and Scoring of the State-Trait Anxiety 

Inventory  

The STAI is a self-administered instrument. Full 

instructions are printed on both scales’ protocols. The examine 

completes the instrument by filling a circle located at the right 

of each item. The instrument consists of two scales, one 

designed to measure state anxiety (STAI-S) and the other 

designed to measure trait anxiety (STAI-T). Each scale 

contains 20 items in a Likert scale with four options, ranging 

from “not at all” to “very much.” The STAI-S and STAI-T are 

scored using a template according to the score weights shown 

on the key for each response category, and appropriate 

normative data are used for each scale and summed. 

2.5. Statistical Analysis 

The data were analyzed by two-way repeated-measures 

analysis of variance (ANOVA), with two factors: 

2-heptanone measurement time-point (M1, M2, and M3) and 

match outcome (winner and non-winner). When the data did 

not fit a normal distribution, the data were ranked. The 

Holm-Sidak test was applied as a post hoc test when p < 0.05. 

The results are expressed as mean ± standard error. 
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3. Results 

3.1. 2-heptanone 

The average of the three measurements showed that the 

concentration of urinary 2-heptanone was consistently higher 

in non-winners (6.3 ± 1.23 ng/ml) than in winners (4.4 ± 0.79 

ng/ml), but this difference did not reach statistical significance 

(F1,18 = 0.824, p = 0.388). In the analysis of the measurements 

independent of the results of the contest, significant 

differences were detected (F2,18 = 8.438, p < 0.003). Before the 

contest (M1), the mean urinary 2-heptanone was 5.5 ± 1.13 

ng/ml. This concentration significantly increased (p < 0.05, 

Holm-Sidak test) to 7.0 ± 1.54 ng/ml after the match (M2) and 

decreased below basal values 1 week later (M3: 3.5 ± 1.03 

ng/ml). 

The 2-heptanone measurement time-point x match outcome 

interaction was significant (F2,18 = 5.541, p < 0.01). The 

winners maintained relatively low urinary levels of 

2-heptanone throughout the three measurements, whereas 

urinary 2-heptanone peaked immediately after the match in 

the non-winners and returned to basal levels 1 week after the 

tournament (Figure 1). 

 

Figure 1. Urinary 2-heptanone increased at M2 (after the match) only in 

non-winners (hatched bars). This increase was also significant in the 

intragroup analysis. No significant differences were found between groups at 

the other measurement time-points. *p < 0.05 (Holm-Sidak post hoc test).  

3.2. STAI-T  

Some differences were observed between winners (36.4 ± 

1.33) and non-winners (41.3 ± 2.27), independent of the 

measurement time-points, but this difference did not reach 

statistical significance (F1,18 = 1.228, p = 0.296). Significant 

differences were observed among measurements (F2,18 = 

3.678, p < 0.04). In both groups, the STAI-T scores slightly 

increased from M1 (37.7 ± 2.23) to M2 (41.0 ± 2.61; p < 0.05, 

Holm-Sidak test) and returned to basal levels by M3, 1 week 

after the tournament (38.0 ± 2.15). The 2-heptanone 

measurement time-point x match outcome interaction did not 

reach statistical significance (F2,18 = 0.052, P = 0.949; Figure 

2). 

3.3. STAI-S  

The overall analysis of the match outcome factor, 

independent of the measurement time-points, revealed a 

difference between winners (40.3 ± 1.63) and non-winners 

(43.9 ± 2.27), but this difference did not reach statistical 

significance (F1,18 = 1.447, p = 0.260). Significant differences 

were observed among measurements (F2,18 = 6.934, p < 

0.006). Independent of the results of the competition, the 

scores slightly increased from M1 (43.6 ± 2.00) to M2 (45.7 

± 2.29; p < 0.05, Holm-Sidak test) and decreased at M3, 1 

week after the tournament (36.9 ± 2.64). The 2-heptanone 

measurement time-point x match outcome interaction did not 

reach statistical significance (F2,18 = 1.083, p = 0.360; Figure 

2).  
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Figure 2. STAI scores. No significant differences were found between or 

within groups for the STAI-T subscale (upper graph) or STAI-S subscale 

(lower graph). Winners: empty bars; non-winners: hatched bars. Differences 

were revealed only when the data were pooled from both experimental groups 

in the global analysis by measurements (see text). 

4. Discussion 

The present study used martial arts tournaments as a 

possible model of a ritualized contest that consists of physical 
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effort and represents a stressful situation, establishing a type 

of hierarchical order at the end of the competition. The results 

indicated that peak urinary 2-heptanone occurred only in 

non-winners immediately after the competition, with no 

relation to STAI scores. 

Competition involves social stress that causes significant 

physiological and psychological responses that are related to 

strategies to cope with the situation [9, 13]. From an 

evolutionary point of view, competitive behavior is clearly 

important because it allows the maintenance of or reaching a 

higher category in the group, thus exerting particular effects 

on the social organization of the group [14]. Agonistic 

behavior is an adaptive behavior that is useful for achieving 

goals and depends only on two conditions, winning and not 

winning [15]. The levels of aggression differ from one sport to 

another [16] and depend on the context of the confrontation 

[17], the experience gained, the efficiency of training [18], and 

individual characteristics that enable competitors to undergo a 

process of functional adaptation [19]. 

In well-trained athletes, the use of images of competition 

and techniques directed toward improving self-confidence and 

relaxation are related to the intensity and duration of anxiety 

assessed during the competition [20]. The competitor also 

knows the degree of difficulty competing with different 

opponents, causing alertness and increased anxiety. In both 

groups of competitors, anxiety increased before the 

competition and immediately after they learned the result of 

the contest, and the STAI scores returned to basal levels 1 

week after the tournament. Therefore, some level of anxiety 

was present in both groups but rapidly disappeared, and these 

fluctuations in anxiety scores were not related to changes in 

urinary 2-heptanone. 

In rodents, urinary 2-heptanone increases after inescapable 

aversive stimulation. These levels decrease after diazepam 

treatment, suggesting that 2-heptanone may be a marker of 

anxiety but it is also able to produce anxiety in a receptor 

subject that detects this ketone [7, 21]. These behavioral 

changes modify the neuronal activity of brain structures that 

are responsible for processing emotional memory [22-24]. 

Consequently, this ketone is considered an alarm pheromone 

[11, 21, 25] (i.e., a group of substances that, when released 

into the environment, informs other group members about the 

presence of danger) [1, 25]. These substances are perceived by 

the vomeronasal organ, for which at least five receptor 

subtypes have been identified [26], whereas the human body 

from various sources [27] secretes 2-heptanone. Because the 

changes in urinary 2-heptanone observed in the present study 

were unrelated to changes in STAI scores, the meaning of the 

peak urinary content exclusively in non-winners appears to be 

related to fear. 

Some compounds (e.g., 1-hexanol, 2-heptanone, 

4-methyl-3-heptanone, and propanoic acid) are known to act 

as alarm pheromones in insects [28, 29]. The action of 

pheromones across different species and even different classes 

(such as insects and mammals) has been documented [30, 31]. 

We previously showed that 2-heptanone in the urine of 

stressed rats caused a state of anxiety in control rats [7]. 

Another study showed that 2-heptanone in the urine and milk 

of female mice was associated with increased aggressiveness 

in male mice directed toward other mice [32]. Some chemical 

compounds are potential alarm pheromones in the rat, 

including saturated aliphatic hydrocarbons 

(1,1-dimethoxyethane, 3-methyloctane), alcohols 

(2-butoxyethanol, 1-hexanol), ketones (3-hydroxy-2-butanone, 

2-heptanone, 4-methyl-3-heptanone), propanoic acid, ethyl 

acetate, and heterocyclic 2-furaldehyde[25]. Behavioral 

studies that evaluated 2-heptanone as an alarm pheromone are 

scarce, but the use of predator odors (e.g., 

2,3,5-trimethyl-3-tiazoline) produces comparable results. A 

single exposure to this alarm pheromone contained in fox 

feces and cats increased Fos expression in the lateral septal 

nucleus and central nucleus of the amygdala [33, 34], among 

other fear related structures.  

In rodents in conflict situations, including fights, each of the 

subjects perceives anxiety differently. Some subjects react 

with anticipatory anxiety, freezing, and other behaviors 

associated with a decrease in competitive behavior [35]. In the 

present study, urinary 2-heptanone in non-winners peaked 

immediately after the competition. This ketone is released by 

rodents in a stressful situation [6, 11], in unavoidable aversive 

situations [7, 21], during some hormonal changes [36], in 

response to dominant males [6], and in other situations in 

which the common denominator may be the presence of 

danger. Notably, peak urinary 2-heptanone occurred when the 

non-winning competitor was informed of the result of the 

contest. Therefore, the meaning for this change may be the 

same as in other species (i.e., the announcement of danger). 

2-Heptanone has largely been known as an alarm or attack 

pheromone found in the mandibular gland of bees and ants 

[37]. It is produced by several microorganisms, namely fungi 

[38-40], and is metabolically formed from octanoic acid [41, 

42]. This 8-C fatty acid, following a β-oxidation process, 

produces β-ketoacids. Once decarboxylated (i.e., losing one 

carbon), β-ketoacids lead to the formation of alkan-2-one 

compounds [43]. A 7-C ketone (i.e., a group to which 

2-heptanone belongs) may be formed from an 8-C fatty acid. 

Both octanoic acid and 2-heptanone, among other 

compounds, are naturally contained in commercial virgin 

coconut oil [44], goat milk [45], and caprine milk [46], among 

many other nutritional sources. Octanoic acid is the major 

component of medium-chain triglycerides, and it is 

susceptible to metabolic transformation in the human body 

[47]. Its absorption in the gastrointestinal tract is more 

efficient compared with long-chain fatty acids, and the 

transport of medium-chain fatty acids into mitochondria for 

oxidation occurs independently of the carnitine transport 

system [48]. Palmitate and octanoate oxidation was reported 

to be higher in muscle homogenate samples from 

exercise-trained volunteers compared with sedentary 

volunteers, with low participation from carnitine-mediated 

transport [49]. Therefore, the organism from fatty acids as a 

first step in lipolysis may synthesize 2-heptanone. 

Cortisol at physiological concentrations is a potent stimulus 

of lipolysis in human adipose tissue [50]. The release of 
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cortisol is very sensitive to stress. For example, cortisol 

increases in social threat or self-focus conditions in men but 

not in women [51]. In a rigged computer task, self-assurance 

was related to lower cortisol levels [52]. Such changes in 

cortisol plasma have also been studied in athletes. 

Plasma carnitine levels decrease and acylcarnitines (the 

esterified form of carnitine), adrenaline, and noradrenaline 

levels increase at the end of a soccer game [53]. In basketball 

players, the levels of triglycerides, free fatty acids, and serum 

cortisol increase at the end of the first half of the game and 

remain at high levels during the second half [54]. Before and 

during a tennis tournament, both serum cortisol and 

testosterone concentrations increased [55]. In male judo 

competitors, cortisol levels and anxiety scores increased even 

before the contest, and a higher increase relative to resting 

conditions was related to a better match outcome [56]. 

Interestingly, in badminton [57] and hockey [58] players, 

defeat is related to an increase in cortisol levels, whereas 

winners exhibit an increase in testosterone. Therefore, stress 

situations lead to increased levels of cortisol. In non-winners, 

a higher level of cortisol seemingly occurs, which may lead to 

an increase in the lipolysis of fatty acids and production of 

their metabolites. This possibility remains to be explored.  

5. Conclusion 

In the present study, we found that the human 

concentrations of urinary 2-heptanone peaked only in 

non-winners after the competition, which may represent a 

chemical signal that prevents danger by announcing some 

dangerous situation to conspecifics. In this case, 2-heptanone 

may be conceived as a pheromone indicating fear rather than 

anxiety, taking into account, that its delivery may be 

influenced by other factors, such as the presence or not of 

some audience, personality traits and resilience to stress, 

among others aspects. 
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