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Smelling 3β-Androstenol Dampens
the Stress Induced Rise in Cortisol

in Young Females

AABBSS  TTRRAACCTT  OObb  jjeecc  ttii  vvee:: The pre sent study was de sig ned to in ves ti ga te the ro le of 3β-an dros te nol
(3β-AND) in the mo du la ti on of stress in du ced se rum cor ti sol le vels and al te ra ti ons in the mo od of
yo ung adult fe ma les. MMeett  hhooddss::  A to tal of 79 he althy fe ma les (me an age= 21.24 ± 2.26) we re inc lu -
ded in the study com po sed of con trol (n= 9), ve hic le (n= 9), 3β-AND (n= 12), stress (n= 23), 3β-AND-
stress (n= 21) and ve hic le-stress (n= 5) gro ups to de ter mi ne res pec ti ve le vels of se rum cor ti sol and
es tra di ol and the mo od sco res. Mens tru al pha se dis tri bu ti on was si mi lar bet we en ex pe ri men tal gro -
ups (p> 0.05). Ef fects on mo od we re me a su red using a 16-item mo od test. Pub lic spe a king met hod
inc lu ding spe a king in front of the au di en ce was app li ed which was known to be an ef fi ci ent la bo -
ra tory stres sor le a ding to sig ni fi cant car di o vas cu lar, en doc ri ne and mo od al te ra ti ons in the in di vi -
du als wit ho ut any re al thre at of physi cal dan ger or harm. RRee  ssuullttss::  Hig her sco res for se xu al aro u sal
(p< 0.01 for each) and po si ti ve mo od we re ob ta i ned in 3β-AND gro up when com pa red to stress and
3β-AND-stress gro ups. Hig hest se rum cor ti sol le vels (µg/dL) we re ob ta i ned for the stress gro up (p<
0.001). Ne it her the mo od sco res nor the se rum le vels of cor ti sol we re fo und to dif fer with res pect
to mens tru al cycle (p> 0.05). 3β-AND was ra ted as a ne ut ral subs tan ce by 45% of the sub jects. All
of the sub jects (n= 10, p< 0.001) in di ca ting an in ten se sen sa ti on abo ut 3β-AND we re in the pre-ovu -
la tory pha se of the mens tru al cycle. CCoonncc  lluu  ssii  oonn::  In conc lu si on 3β-AND whet her per ce i ved as a ne -
ut ral subs tan ce or an odo ro us com po und, se ems to dam pen the stress in du ced ri se in cor ti sol
ef fec ti vely in yo ung he althy fe ma les.

KKeeyy  WWoorrddss::  Phe ro mo nes; stress, physi o lo gi cal; mens tru al cycle

ÖÖZZEETT  AAmmaaçç::  Bu ça lış ma 3β-an dros te nol (3β-AND) ün genç ka dın lar da stres le in dük le nen se rum
kor ti zol dü ze yi ve duy gu du rum de ği şik lik le ri ne et ki si ni de ğer len dir mek ama cıy la ta sar lan dı. GGee  --
rreeçç  vvee  YYöönn  tteemm  lleerr::  Gö nül lü lük esa sı na gö re ça lış ma ya da hil edi len top lam 79 sağ lık lı genç ka dın
(or ta la ma yaş= 21.24 ± 2.26); kon trol (n= 9), ta şı yı cı (n= 9), 3β-AND (n= 12), stres (n= 23), 3β-AND-
stres (n= 21) ve ta şı yı cı-stres (n= 5) ol mak üze re de ney grup la rı na ay rı la rak se rum kor ti zol, es tra -
di ol ve mod skor la rı açı sın dan de ğer len di ril di. Grup la rın mens trü el sik lus ev re si da ğı lım la rı
açı sın dan ho mo jen ol du ğu tes pit edil di (p> 0.05). Duy gu du rum de ğer len dir me si 16 mad de lik mod
de ğer len dir me tes ti kul la nı la rak ya pıl dı. Psi ko lo jik stre sör ola rak, ki şi üze rin de her han gi fi zik sel
bir ra hat sız lık ve ya teh li ke oluş tur mak sı zın be lir gin kar di yo vas kü ler, en dok rin ve duy gu du rum de -
ği şik lik le ri ne yol aç tı ğı bi li nen top lu luk önün de ko nuş ma yön te mi uy gu lan dı. BBuull  gguu  llaarr:: 3β-AND
gru bun da el de edi len cin sel uya rıl ma (p< 0.01) ve po zi tif mod (p< 0.01) skor la rı; stres ve 3β-AND-
stres grup la rı na gö re an lam lı şekil de da ha yük sek ola rak tes pit edil di. En yük sek se rum kor ti zol dü -
zey le ri (µg/dL) stres gru bun da (p< 0.001) sap tan dı. Duy gu du rum skor la rı ve se rum kor ti zol
dü zey le ri nin mens trü el sik lu sun fark lı ev re le rin de ben zer de ğer ler de ol du ğu bu lun du (p> 0.05).
3β-AND de nek le rin %45’i ta ra fın dan nöt ral bir mad de ola rak al gı la nır ken, mad de yi yo ğun ola rak
al gı la yan tüm de nek le rin (n= 10, p< 0.001) ovü las yon ön ce si dö nem de ol duk la rı sap tan dı. SSoo  nnuuçç::  3β-
AND nöt ral ve ya ko ku lu bir mad de ola rak al gı lan ma sın dan ba ğım sız ola rak, stres le in dük le nen kor -
ti zol ar tı şı nı genç ka dın lar da et kin şekil de bas kı la ya bil mek te dir. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Fe ro mon lar; stres; mens trü el sik lus
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he ro mo nes are de fi ned as air bor ne che mi cal
sig nals re le a sed in to the en vi ron ment by an
in di vi du al and af fect the physi o logy and be-

ha vi or of ot her mem bers of the sa me spe ci es.1

Be ing pu ta ti ve phe ro mo nes; no nan dro ge nic
16-an dros te nes inc lu ding an dros te no nes and an-
dros te no les ha ve be en stu di ed so far in terms of
the ir inf lu en ce on the psycho lo gi cal sta te and be ha -
vi or.2 Among them 5α-an dros te no ne, an dros ta di -
e no ne, an dros ta di e nol, 3α-an dros te nol and the
3β-an dros te nol (3β-AND) we re de tec ted to con tri -
bu te to the spe ci fic odo ur of the hu man axil la e.3

An dros te no nes we re shown to ha ve do se de-
pen dent and gen der-spe ci fic ef fects on both mo od
and au to no mic ner vo us system res pon ses.4-6 Ho w-
e ver, as they qu ickly con vert to 3α-an dros te no les
upon air ex po su re, so me of the ir be ha vi o ral ef fects
ha ve be en at tri bu ted in part to the 3α-an dros te no -
les.3

Com pa red to stu di es con duc ted with ot her
phe ro mo ne-li ke com po unds, li mi ted da ta exist on
an dros te no les inc lu ding the inf lu en ce of 3α-an -
dros te nol (5α-an drost-16-en-3α-ol), de tec tab le in
the fe ma le axil lary sec re ti ons, on the mens tru al
synchrony among fe ma les.7

Mo re o ver, the pre sent da ta did not di rectly ad-
dress the path way by which an dros te no nes mo du -
la ted the au to no mic func ti on and the mo od.
Vo me ro na sal or gan (VNO) which rep re sents the
way of che mi cal com mu ni ca ti on bet we en cons pe -
ci fics in non-hu man mam mals was al so sug ges ted
to ha ve a ro le in the me di a ti on of the an dros te no -
ne ef fect in hu mans.5,8,9 Ot her stu di es, ho we ver, ha -
ve qu es ti o ned the pre sen ce of a func ti o nal hu man
VNO in di ca ting the ro le of di rect ab sorp ti on in to
the cir cu la ti on rat her than ac ting thro ugh che mi -
cal sen sing (eit her VNO or the ma in ol fac tory sys-
tem) per se.10,11

Sig na ling ef fects and the abi lity of body odor
com po unds to di rectly al ter hu man mo od or be ha -
vi o ur we re in ves ti ga ted using an dro gen ste ro ids;
ho we ver, the re sults are conf lic ting.12 It re ma ins
unc le ar whet her an dro gen ste ro ids streng then or
re du cepo si ti ve emo ti ons or do not af fect fe ma le be-
ha vi o ur.4,13,14

Sin ce cons ci o us odors we re re por ted to dam -
pen the cor ti sol res pon se to a stres sor, the pre sent
study was de sig ned to in ves ti ga te the inf lu en ce of
smel ling 3β-AND (5α-an drost-16-en-3β-ol) on the
stress in du ced al te ra ti ons in the mo od sco res and
the se rum cor ti sol le vels.15,16

MA TE RI AL AND MET HODS 

SUB JECT PO PU LA TI ON

A to tal of 79 he althy fe ma le un der gra du a te stu-
dents aging bet we en 18-25 ye ars and ha ving a
mens tru al cycle of 28-30 days we re rec ru i ted for
the study. Writ ten in for med con sent was ob ta i ned
from each sub ject fol lo wing a de ta i led exp la na ti on
of the ob jec ti ves and pro to col of the study which
was con duc ted in ac cor dan ce with the et hi cal prin-
cip les sta ted in the “Dec la ra ti on of Hel sin ki ” and
ap pro ved by the lo cal et hics com mit te e (4.10.2005-
10.17.2005-Pro to col No. 191).

Fol lo wing 3 months fol low up of vo lun te ers
for the mens tru al cycle pat terns; they we re re-eva -
lu a ted ac cor ding to the inc lu si on and exc lu si on cri-
te ri a of the study pre sen ted in Tab le 1. 

Sub jects we re di vi ded in to thre e gro ups, com-
po sed of mens tru al ble e ding (1-2nd day of the cycle,
n= 27), pre-ovu la tory LH sur ge (post mens tru al 14 ±

Inclusion criteria

• To have regular menstrual cycle with a rhythm of 28-32 days 

• No past history of  endocrine, cardiovascular, neurological and 

psychiatric diseases 

• No acute or chronic disorder  that may interfere with olfactory 

function such as URTI, allergic rhinitis, asthma  

• No history of or tendency to be faint during blood collection

Exclusion criteria

• Will to leave

• Use of an oral contraceptive medication

• Over reactivity during basal measurements 

• Acute development of endocrine, cardiovascular, neurological, 

psychiatric or respiratory disease

• Sudden changes in the menstrual cycle pattern 

• Development of previously unknown and unpredictable discomfort

during any of the experimental procedures. 

TABLE 1: Inclusion and exclusion criteria for the study.  



2. day; n= 26), and the mid lu te al (post-ovu la tory 8
± 1. day; n= 26) pha ses of the mens tru al cycle. Pre-
o vu la tory LH sur ge was con fir med by uri ne test de-
tec ting the LH pe ak (Ra pi dan Ovu la LH®,
Turk-Lab, Iz mir, Tur key). Se rum es tra di ol le vels
we re me a su red to con firm the ap prop ri a te mens -
tru al pha se of the sub jects. 

Each mens tru al pha se was equ ally rep re sen ted
in the ex pe ri men tal gro ups com po sed of stress (n=
23), 3β-AND (n= 12), 3β-AND-stress (n= 21), ve hi-
c le (se sa me oil; n= 9), ve hic le-stress (n= 5) and con-
trol gro ups (no tre at ment; n= 9). 

Fol lo wing ba se li ne pe ri od, first mo od test was
app li ed to the sub jects. Ex pe ri men tal pro ce du res
con cer ning 3β-AND and stress ad mi nis tra ti on we -
re per for med be fo re the se cond mo od test which
was app li ed af ter the res ting pe ri od. Ex pe ri men tal
ti me li ne was pre sen ted in Tab le 2.

MO OD SCA LE 

Ef fects on mo od we re me a su red using a 16-item
mo od test. Sub jects ra ted how strongly they we re
ex pe ri en cing each of 16 dif fe rent mo ods on a 9-po -
int sca le with 1 cor res pon ding to ‘‘ not at all’’ and 9
cor res pon ding to ‘‘ very strongly’’. This mo od test
was de vi sed to tap in to mo od rat her than mo re tran-
si ent emo ti o nal fe e lings.17,18 It is well va li da ted and
con sists of the fol lo wing va ri ab les: af ra id, amu sed,
angry, an no yed, an xi o us, bo red, calm, con fi dent,
con tent, con temp tu o us, dis gus ted, em barras sed,
happy, in te res ted, sad, and stres sed. ‘‘ Sexu ally aro u -
sed’’ was al so ad ded to this test and used as a des -
crip tor as des cri bed pre vi o usly in the li te ra tu re.19

COM PO UNDS 

10 mg (0.00125 M) of 3β-AND (5α-an drost-16-en-
3β-ol; Sig ma-A7386) was dis sol ved in 30 mL of se -

sa me oil which was de fi ned as a cle ar, light yel low
to al most co lo ur less and odo ur less li qu id in the pro -
duct spe ci fi ca ti on. Thirty mil li li ter of se sa me oil
ser ved as a ve hic le. Both so lu ti ons we re put in to
iden ti cal 60 mL opa qu e jars (4.5 cm in di a me ter at
the ope ning; 8 cm high) as de fi ned pre vi o usly.19

Ap prop ri a te ex pe ri men tal jar pre sen ted by the re-
se arc her was snif fed by the sub jects as long as 60
se conds. Sub jects we re as ked to iden tify the com-
po und in terms of per ce i ved in ten sity, fa mi li a rity,
ple a sant ness or ne ut ra lity. Mo re o ver, to as sess pos-
sib le tri ge mi nal ner ve ef fects, par ti ci pants we re as -
ked to ra te any sen sa ti ons of itc hing or bur ning.

PUB LIC SPE A KING 

Pub lic spe a king was con si de red as an ef fi ci ent la b-
o ra tory stres sor le a ding to sig ni fi cant car di o vas cu -
lar, en doc ri ne and mo od al te ra ti ons in the
in di vi du als wit ho ut any re al thre at of physi cal dan-
ger or harm.20 The app li ed task in the pre sent study
was spe a king fre ely abo ut the to pic cho sen by the
sub ject ran domly among the items pro vi ded in a
list, as long as 3 mi nu tes in front of the au di en -
ce.

HOR MO NE LE VELS

At the end of the ex pe ri ment, blo od was drawn
from each sub ject for the me a su re ments of cor ti sol
(mg/dL) and es tra di ol (E2; pg/mL) le vels. Ti me of
the blo od samp ling (10:30-11:00 a.m) was al so re -
cor ded for the ap rop ri a te me a su re ment for the hor-
mo ne le vels. Fol lo wing cen tri fu ge se rum samp les
we re sto red at -20oC un til the bi oc he mi cal analy sis
which was ac comp lis hed by re fe rans lab (Is tan bul,
Tur key).

STA TIS TI CAL ANALY SIS

Da ta ba se was trans fer red to SPSS (Sta tis ti cal Pac k-
a ge for So ci al Sci en ces). Sta tis ti cal analy sis of the
da ta was ma de using SPSS 13.0 ver si on. Chi-squ a -
re (χ2) or Fis her’s test for in de pen dent ca te go ri cal
va ri ab les; Stu dent’s t--test and analy sis of va ri an ce
(ANO VA) for pa ra met ric and Mann-Whit ney U
and Krus kal-Wal lis tests for non-pa ra met ric va ri -
ab les we re used for the sta tis ti cal eva lu a ti on. Post
Hoc eva lu a ti on of da ta was ma de vi a Tu key or
Tam ha ne’s test. Da ta we re ex pres sed as “me an ±
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Baseline period Mood  test-1 (3β-AND) Resting period Mood test-2

Stress Blood collection

(3β-AND)-stress

Control/vehicle

Vehicle-stress

5 minutes 5 minutes 5 minutes 10 minutes 5 minutes

TABLE 2: Experimental design.



stan dard er ror of me an (SEM)” and per cent (%)
whe re ap prop ri a te. p< 0.05 was con si de red sta tis -
ti cally sig ni fi cant.

RE SULTS

A to tal of 79 fe ma les (me an age= 21.24 ± 2.26) who
we re dis tri bu ted ho mo ge ne o usly ac cor ding to
mens tru al pha se and ex pe ri men tal gro ups; we re in-
c lu ded in the study (Tab le 3). Me an age va lu es we -
re si mi lar among ex pe ri men tal gro ups (21.17 ± 0.48
for the stress gro up; 22.0 ± 0.46 for the 3β-AND-
stress gro up; 21.41 ± 0.73 for the 3β-AND gro up;
20.22 ±  0.43 for the con trol gro up; 20.33 ± 0.74 for
the ve hic le gro up and 21.40 ± 1.28 for the ve hic -
le-stress gro up; p> 0.05) 

Con si de ring mo od sco res; the hig hest ra ting
sco res for se xu al aro u sal we re ob ta i ned in 3β-AND
gro up (3.08 ± 0.85) when com pa red con trol (0.88 ±
0.58; p< 0.05), ve hic le (0.9 ± 0.68; p< 0.05), stress
(-0.86 ± 0.4; p< 0.001), 3β-AND-stress (-0.38 ± 0.4;
p< 0.001) and ve hic le-stress (-0.66 ± 0.83; p< 0.001)
gro ups (Figure 1). Hig hest sco res for the po si ti ve
mo od we re de ter mi ned in the 3β-AND gro up (7.08
± 1.2) when com pa red to con trol (1.66 ± 0.47; p<

0.05), ve hic le (1.0 ± 0.43; p<0.05), stress (-0.9 ± 1.3;
p< 0.001), 3β-AND-stress (0.6 ± 1.5; p< 0.01) and ve-
hic le-stress (-1.2 ± 1.5; p< 0.01) gro ups (Figure 2).

Hig hest se rum cor ti sol le vels (µg/dL) we re ob-
ta i ned for the Stress gro up (15.16 ± 0.95 µg/dL)
when com pa red to con trol (7.48 ± 0.44 µg/dL; p<
0.001), ve hic le (9.5 ± 0.76 µg/dL; p< 0.01), 3β-AND
(8.68 ± 0.54 µg/dL; p<0.001), 3β-AND-Stress (9.46 ±
0.81 µg/dL; p< 0.001) gro ups (Figure 3).

Se rum es tra di ol le vels we re sig ni fi cantly lo wer
in the mens tru al ble e ding pha se (43.19 ± 10.05
pg/mL) when com pa red to mid lu te al (154.2 ± 14.29
pg/mL, p< 0.01) and pre-ovu la tory (109.5 ± 11.7
pg/mL, p< 0.05) le vels (Tab le 2). Ne it her the mo od
sco res nor the se rum le vels of cor ti sol we re fo und
to dif fer with res pect to mens tru al cycle (p> 0.05;
Tab le 3).

3β-AND was ra ted as a ne ut ral subs tan ce by
45% of the sub jects. Among the sub jects (55%) per-
ce i ved a cons ci o us odor upon snif fing the subs tan -
ce, only 8 (24%) ra ted the com po und fa mi li ar. In
ad di ti on to this, all of the sub jects (n= 10, p< 0.001)
in di ca ting an in ten se sen sa ti on abo ut 3β-AND we -
re in the pre-ovu la tory pha se of the mens tru al
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Menstrual phase

Mid-luteal Bleeding Pre-ovulatory 

(n= 26) (n=  27) (n=  26)

Experimental groups Control (n= 9) 3 (33.3%) 3 (33.3%) 3 (33.3%)

Vehicle (n= 9) 3 (33.3%) 3 (33.3%) 3 (33.3%)

Stress (n= 23) 7 (30.4%) 9 (39.1%) 7 (30.4%)

3β-AND (n= 12) 5 (41.7%) 4 (33.3%) 3 (25%)

3β-AND-stress (n= 21) 7 (33.3%) 6 (28.6%) 8 (38.1%)

Vehicle-stress (n= 5) 1 (20%) 2 (40%) 2 (40%)

Serum estradiol levels (pg/mL) 154.2 ± 14.29** 43.19 ± 10 109.5 ± 11.7*

Serum cortisol levels (µg/dL) 11.97 ± 1.1 10.47 ± 0.8 11 ± 0.7

Smell of 3β-AND+ Odorous (n= 18)

Intense (n= 10) 0 (0%) 0 (0%) 10 (100%)

Familiar (n= 8) 4 (50.0%) 4 (50%) 0 (0%)

Neutral (n= 15) 8 (53.3%) 6 (40%) 1 (6.7%)

Positive mood scores 1.0 ± 1.33 1.07 ± 1.17 1.19 ± 1.01

Sexual arousal 0.42 ± 0.4 0.18 ± 0.4 0.30 ± 0.6

TABLE 3: The effects of 3β-AND on serum hormone levels, smell quality and mood scores with respect to menstrual phase. 

Data were shown as n (%) or mean ± SEM. + p< 0.001 (χ2); 
* p< 0.05, and ** p< 0.01; compared to estradiol levels of subjects in the bleeding phase of menstrual cycle.



cycle. No ne of the sub jects ra ted the com po und
ple a sant or sen sa ti ons of itc hing or bur ning (Tab le
3). Sub jec ti ve ra ting of 3β-AND as a ne ut ral or odo -
ro us subs tan ce was fo und to ha ve si mi lar inf lu en -
ce on stress in du ced cor ti sol ri se and mo od and
aro u sal sco res (Tab le 4).

DIS CUS SI ON

Hig her re le a se of the stress hor mo ne cor ti sol in our
sub jects un der la bo ra tory stress con firms the aver-
si ve and stress ful na tu re of pub lic spe a king task ini-
ti a ting the re le a se of cor ti sol thro ugh the
hypot ha la mu s-pi tu i tar y-ad re nal (HPA) axis.21

In con trast to pre vi o usly re por ted in cre a se in
sa li vary le vel of the cor ti sol in wo men af ter smel -
ling pu re an dros ta di e no ne,22 3β-AND was not as-
so ci a ted with an al te ra ti on in the se rum cor ti sol
le vels un less co up led with the la bo ra tory stres sor
in the pre sent study.

In ag re e ment with the past stu di es con cer ning
the ef fects of an dros te no nes on the re duc ti on in
ner vo us ness, ten si on, ot her ne ga ti ve fe e lings and
in cre a se in po si ti ve mo od, an dros te nol was al so fo -
und to ha ve mo od ele va ting ef fect in our sub-
jects.4,5,19 Pro vi ded that not co up led with the
stres sor, 3β-AND alo ne se ems to in du ce hig her mo -
od and se xu al aro u sal.

Ra ting of 3β-AND by ap pro xi ma tely half of
our sub jects as a ne ut ral subs tan ce was com pa tib le
with the pre vi o usly re por ted spe ci fic anos mi a ra -
tes (2-75%) for an dros te nes in adults.23 Be si des 3β-
AND inf lu en ced the stress in du ced cor ti sol le vels
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FIGURE 1: Sexual arousal scores in subjects (n= 79) with respect to experimen-
tal groups composed of control (n= 9), vehicle (n= 9), Stress (n= 23), 3β-AND (n=
12), 3β-AND-stress (n= 21) and vehicle-stress (n= 5) groups. 3β-AND: an-
drostenol.
* p< 0.01, ** p< 0.001; compared to androstenol group.
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FIGURE 2: Positive mood scores in subjects (n= 79) with respect to experi-
mental groups composed of control (n= 9), vehicle (n= 9), stress (n= 23), 3β-
AND (n= 12), 3β-AND-stress (n= 21) and veh-stress (n= 5) groups. 3β-AND:
androstenol.
*p< 0.05, ** p< 0.01 and ** p< 0.001; compared to androstenol group.
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FIGURE 3: Serum cortisol levels in subjects (n= 79) with respect to experimental
groups composed of control (n= 9), vehicle (n= 9), stress (n= 23), 3β-AND (n=
12), 3β-AND-stress (n= 21) and veh-stress (n= 5) groups. 3β-AND: androstenol.
* p< 0.01 and ** p< 0.001; compared to stress group
+ p< 0.05; compared to 3β-AND-Stress group
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in the sa me ran ge whilst the dif fe rent sen sa ti o nal
ro u tes inc lu ding ne ut ral or odo ro us ra ting of the
com po und. In this man ner, 3β- AND se ems to mo -
du la te the cons ci o us as sess ment of psycho lo gi cal
sta te as well as en doc ri ne res pon ses to that in te rac -
ti on wit ho ut such ne ces sity of be ing re cog ni zed or
clas si fi ed as an odor. 

Al te ra ti on of the hor mo nal pat terns du ring
dif fe rent pha ses of the mens tru al cycle has be en
known to af fect se ve ral psycho-physi o lo gi cal pro -
ces ses as so ci a ted with emo ti o nal sta tus and stress
re ac ti vity.24,25 Hig her le vel of es tro gen in the ovu-
la tory pha se was pro po sed to pro du ce ge ne ral aro -
u sal vi a cen tral ef fects (e.g., cor ti cot ro pin re le a sing
fac tor) on the HPA and sympat ho - ad re no me dul -
lary (SAM) systems.26-28 Ovu la ti on spe ci fic in ten se
per cep ti on of 3β-AND may ha ve a ro le in the sti m-
u la ti on of the fer ti lity as cor ti sol is known to af fect
the rep ro duc ti ve he alth ne ga ti vely con tri -
bu ting to low sex dri ve and in fer ti lity.29 In that
man ner, cor ti sol lo we ring ef fect of 3β-an dros te nol
un der stres full con di ti tons may ha ve a key ro le in
the rep ro duc ti ve suc cess.

The re is wi de ag re e ment that ma te cho i ce
adap ta ti ons in fe ma les ha ve evol ved to se lect ma -
les who will con fer be ne fits on offs pring, thro -
ugh di rect and in di rect ro u tes.30 Wo men’s
pre fe ren ces for in di ca tors of go od ge nes inc lu ding

we re sta ted to pe ak ne ar ovu la ti on.31 Sen si ti vity
to pu ta ti ve phe ro mo nes was re por ted to be du e
to in cre a sed ol fac tory sen si ti vity if mens tru al
cycle pat tern was con si de red. Wo men we re sta -
ted to per ce i ve ol fac tory sti mu li with a hig her
sen si ti vity du ring the ovu la tory pha se and des -
cri be odors dif fe ren ti ally du ring this pe ri od.32

Ovu la ti on spe ci fic in cre a se in in ten sity of odor
per cep ti on con cer ning 3β-AND in our study cor-
re la tes with this sta te ment which has rep ro duc -
ti ve imp li ca ti ons. 

In conc lu si on, ovu la ti on spe ci fic in cre a se in
per cep ti o nal sen si ti vity of 3β-AND se ems to in di -
ca te the pri o rity of the rep ro duc ti ve suc cess by re-
ver sal of stress in du ced cor ti sol le vels. Sin ce its
en han cing ef fects on mo od and the se xu al aro u sal
of sub jects fa il to co un te ract the stress re la ted dis-
tur ban ce in the se pa ra me ters, pos sib le mo du la tory
ro le of no n-an dro ge nic 16-an dros te nes in the in te -
rac ti on bet we en hypot ha la mo-pi tu i tary-ad re nal
axis and rep ro duc ti ve suc cess ne eds furt her and
mo re de ta i led eva lu a ti on con si de ring de ter mi na ti -
on of ba sal cor ti sol le vels in lar ger po pu la ti ons. Elu-
ci da ti on of such sen sory mec ha nisms as so ci a ted
with the act of pu ta ti ve phe ro mo nes may help the
pos sib le use of hu man che mi cal sig nals as na tu ral
en doc ri ne the ra pe u tics.
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Odorous Neutral

Positive mood score 2.38 ± 1.48 3.66 ± 1.94

Sexual arousal 0.94 ± 0.69 0.8 ± 0.78

Serum cortisol level (µg/dL) 9.44 ± 0.59 µg/dL 8.86 ± 0.99 µg/dL

Serum estradiol level (pg/mL) 102.89 ± 14.12 87.44 ± 16.72

TABLE 4: Mood scores and serum hormone levels according
to rating feature of 3β-AND. 

Data were shown as mean ± SEM. p> 0.05.



SMELLING 3β-ANDROSTENOL DAMPENS THE STRESS INDUCED RISE IN CORTISOL IN YOUNG FEMALES Çağla A. İŞMAN et al

Turkiye Klinikleri J Gynecol Obst 2009;19(2) 87

REFERENCES

1. Karl son P, Lusc her M. Phe ro mo nes': a new
term for a class of bi o lo gi cally ac ti ve subs tan -
ces. Na tu re 1959;183(4653):55-6. 

2. McClin tock MK. Phe ro mo nes, odors and va -
sa nas: The ne u ro en doc ri no logy of so ci al che -
mo sig nals in hu mans. In: Pfaff D, Ar nold A,
Et gen A, Ru bin R, Fahr bach S. eds. Hor mo -
nes. San Di e go, CA: Bra in & Be ha vi or. Aca -
de mic Press, 2002. p.833.

3. Go wer DB, Ru pa re li a BA. Ol fac ti on in hu mans
with spe ci al re fe ren ce to odo ro us 16-an dros -
te nes: the ir oc cur ren ce, per cep ti on and pos-
sib le so ci al, psycho lo gi cal and se xu al im pact.
J En doc ri nol 1993;137(2):167-87. 

4. Ja cob S, McClin tock MK. Psycho lo gi cal sta te
and mo od ef fects of ste ro i dal che mo sig nals in
wo men and men. Horm Be hav 2000;37(1):57-
78. 

5. Gros ser BI, Mon ti-Bloch L, Jen nings-Whi te C,
Ber li ner DL. Be ha vi o ral and elec troph ysi o lo -
gi cal ef fects of an dros ta di e no ne, a hu man
phe ro mo ne. Psycho ne u ro en doc ri no logy 2000;
25(3):289-99. 

6. Sa vic I, Berg lund H, Gul yas B, Ro land P.
Smel ling of odo ro us sex hor mo ne-li ke com po -
unds ca u ses sex-dif fe ren ti a ted hypot ha la mic
ac ti va ti ons in hu mans. Ne u ron 2001;31(4):
661-8. 

7. Pre ti G, Cut ler WB, Chris ten sen CM, Law ley
HJ, Hug gins GR, Gar ci a CR. Hu man axil lary
ex tracts: Analy sis of com po unds from samp les
which inf lu en ce mens tru al ti ming. J Chem
Ecol 1987;13:717-31. 

8. Bi a si E, Sil vot ti L, Ti rin del li R. Phe ro mo ne de-
tec ti on in ro dents. Ne u ro re port 2001;12(14):
A81-4. 

9. Mon ti-Bloch L, Jen nings-Whi te C, Dol berg DS,
Ber li ner DL. The hu man vo me ro na sal system.
Psycho ne u ro en doc ri no logy 1994;19(5-7):673-
86. 

10. Knecht M, Küh na u D, Hüt ten brink KB, Witt M,
Hum mel T. Fre qu ency and lo ca li za ti on of the
pu ta ti ve vo me ro na sal or gan in hu mans in re-
la ti on to age and gen der. Lary ngos co pe
2001;111(3):448-52. 

11. Tro ti er D, Elo it C, Was sef M, Tal ma in G, Ben-
si mon JL, Døving KB, et al. The vo me ro na sal
ca vity in adult hu mans. Chem Sen ses
2000;25(4):369-80. 

12. Pa u se BM. Are an dro gen ste ro ids ac ting as
phe ro mo nes in hu mans? Physi ol Be hav
2004;83(1):21-9. 

13. Ben ton D. The inf lu en ce of an dros te nol - a pu-
ta ti ve hu man phe ro mo ne-on mo od thro ug ho -
ut the mens tru al cycle. Bi ol Psychol 1982;
15(3-4):249-56. 

14. Gus tav son AR, Daw son ME, Bo nett DG. An-
dros te nol, a pu ta ti ve hu man phe ro mo ne, af-
fects hu man (Ho mo sa pi ens) ma le cho i ce
per for man ce. J Comp Psychol 1987;101(2):
210-2. 

15. Fu ku i H, Ko ma ki R, Oku i M, To yos hi ma K, Ku -
da K, et al. Inf lu en ce of odor on the hu man
body-en doc ri no lo gi cal study. Aro ma Re se arch
2005;23:266-71. 

16. Ho so i J, Ino u e K, Sho ji K, et al. In hi bi ti on of
stress-in du ced plas ma and sa li vary cor ti sol in-
cre a se by odo rant in ha la ti on. Au to no mic Ner -
vo us Syst 2002;39:260-4. 

17. Ek man P, Fre i sen WV, An co li S. Fa ci al signs
of emo ti o nal ex pe ri en ce. J Pers Soc Psychol
1980;39(1-sup-6):1125-34.

18. Le ven son RW, Ek man P, Fri e sen WV. Vo lun -
tary fa ci al ac ti on ge ne ra tes emo ti on-spe ci fic
au to no mic ner vo us system ac ti vity. Psychoph -
ysi o logy 1990;27(4):363-84.

19. Ben sa fi M, Brown WM, Tsut su i T, Ma in land
JD, John son BN, Brem ner EA,  et al. Sex-ste -
ro id de ri ved com po unds in du ce sex-spe ci fic
ef fects on au to no mic ner vo us system func ti -
on in hu mans. Be hav Ne u ros ci 2003;117(6):
1125-34. 

20. Lu cas A, Holt mann G, Ger ken G, Pi etsch A,
Bra un-Lang U, Gi la ni K, et al. Vis ce ral pa in
and pub lic spe a king stress: ne u ro en doc ri ne
and im mu ne cell res pon ses in he althy sub-
jects. Bra in Be hav Im mun 2006;20(1):49-56. 

21. Put man P, Van Honk J, Kes sels RP, Mul der
M, Kop pesc ha ar HP. Sa li vary cor ti sol and
short and long-term me mory for emo ti o nal fa -

ces in he althy yo ung wo men. Psycho ne u ro -
en doc ri no logy 2004;29(7):953-60. 

22. Wyart C, Webs ter WW, Chen JH, Wil son SR,
McClary A, Khan RM, et al. Smel ling a sing le
com po nent of ma le swe at al ters le vels of cor-
ti sol in wo men. J Ne u ros ci 2007;27(6):1261-
5. 

23. Brem ner EA, Ma in land JD, Khan RM, So bel
N. The pre va len ce of an dros te no ne anos mi a.
Chem Sen ses 2003;28(5):423-32. 

24. Wing fi eld JC, Sa polsky RM. Rep ro duc ti on and
re sis tan ce to stress: when and how. J Ne u ro -
en doc ri nol 2003;15(8):711-24. 

25. So lis-Or tiz S, Gu e va ra MA, Cor si-Cab re ra M.
Per for man ce in a test de man ding pref ron tal
func ti ons is fa vo red by early lu te al pha se pro -
ges te ro ne: an elec tro en cep ha log rap hic study.
Psycho ne u ro en doc ri no logy 2004;29(8):1047-
57.

26. Bin gol B, Gu nenc Z. The ro le of lu te i ni zing
hor mo ne in ovu la ti on in duc ti on. T Klin J Gy-
ne col Obst 2004;14:120-5. 

27. Gold ste in IB, Sha pi ro D, Chicz-De Met A, Gut -
hri e D. Am bu la tory blo od pres su re, he art ra -
te, and ne u ro en doc ri ne res pon ses in wo men
nur ses du ring work and off work days. Psy-
cho som Med 1999;61(3):387-96. 

28. Mor gan MA, Pfaff DW. Es tro gen's ef fects on
ac ti vity, an xi ety, and fe ar in two mo u se stra -
ins. Be hav Bra in Res 2002;132(1):85-93. 

29. Ops tad K. Cir ca di an rhythm of hor mo nes is
ex tin gu is hed du ring pro lon ged physi cal stress,
sle ep and energy de fi ci ency in yo ung men.
Eur J En doc ri nol 1994;131(1):56-66. 

30. Kok ko H, Bro oks R, Jen ni ons MD, Mor ley J.
The evo lu ti on of ma te cho i ce and ma ting bi a -
ses. Proc Bi ol Sci 2003;270(1515):653-64. 

31. Ha sel ton MG, Gan ges tad SW. Con di ti o nal ex-
pres si on of wo men's de si res and men's ma te
gu ar ding ac ross the ovu la tory cycle. Horm Be -
hav 2006;49(4):509-18. 

32. Pa u se BM, Soj ka B, Kra u el K, Fehm-Wolf -
sdorf G, Ferstl R. Ol fac tory in for ma ti on pro-
ces sing du ring the co ur se of the mens tru al
cycle. Bi ol Psychol 1996;44(1):31-54.


