
Turkiye Klinikleri J Med Sci 2008;28(6)800

en sory in te rac ti ons in the ver teb ra te bra ins are clas si fi ed in 2 gro ups:
whi le ‘in ter-mo dal in te rac ti on’ re fers to the in te rac ti on bet we en dif fe -
rent sen ses, ‘in tra-mo dal in te rac ti on’ de fi nes the in te rac ti on bet we en

Dynamics of Continuous Conditioning
Light Effect on the Visual Evoked 

Potentials of the Guinea Pig

ABSTRACT Objective: In this study, dynamics of binocular interaction was evaluated using bio-
electrical activities in the guinea pig. Material and Methods: Epidural electrodes were implanted to
the skulls by stereotaxic methods and recordings were made from chronically prepared awake an-
imals. Continuous white light was used as the conditioning stimulus and the flash as the transient
imperative stimulus. Compound activities of binocular interacting neurons were calculated by a
subtraction method and a difference potential was derived as the indicator of the binocular inter-
action. The effects of alterations in the starting time of the continuous conditioning light relative
to the flash were evaluated. The starting time of the continuous conditioning light was changed
within the range of 150 ms before and 420 ms after the application time of the flash, with 30 ms
steps. Results: When the continuous conditioning light was started 60 ms before the flash, or even
earlier, the latency of the negative wave in the difference potential was around 65 ms. When the
continuous conditioning light was started later than the flash, the latency of the difference poten-
tial was delayed approximately to the same extent as the delay in the continuous conditioning light.
Conclusion: These findings imply that an interaction does not exist between the highest bilateral
functional centers responsible for the processing of visual stimuli and it can be speculated that most
of the spatial visual processes take place at relatively lower cortical centers. 
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ÖZET Amaç: Bu çalışmada, kobaydaki gözler arası (binoküler) etkileşimin dinamik özellikleri biyo-
elektrik potansiyeller kullanılarak incelenmiştir. Gereç ve Yöntemler: Potansiyeller, kafalarına ste-
reotaksik yöntemler kullanılarak epidural vida elektrotlar yerleştirilmek suretiyle kronik preparat
haline getirilmiş uyanık hayvanlardan kaydedilmiştir. Koşullandırma uyarısı olarak süregiden beyaz
ışık, asıl uyaran olarak da ani flaş kullanılmıştır. Gözler arası etkileşimden sorumlu nöronların bile-
şik potansiyeli niteliğindeki fark potansiyeli bir aritmetik çıkarma işlemi kullanılarak elde edilmiştir.
Bu çalışmada, süregiden beyaz ışığın başlatılma zamanında, flaşın uygulanma zamanına göre yapılan
değişikliklerin neden olduğu etkiler değerlendirilmiştir. Süregiden beyaz ışığın başlatılma zamanı,
flaşın uygulanma anından 150 ms öncesi ile 420 ms sonrası arasındaki aralıkta 30 ms’lik adımlarla de-
ğiştirilmiştir. Bulgular: Süregiden beyaz ışık, flaşdan 60 ms veya daha önce başlatıldığında fark po-
tansiyeli üzerindeki negatif dalganın latansı yaklaşık 65 ms idi. Süregiden beyaz ışık, flaşdan sonra
başlatıldığında ise fark potansiyeli üzerindeki negatif dalganın latansı, süregiden ışığın başlatılma za-
manına paralel bir gecikme gösterdi. Sonuç: Bu bulgular, beyinde görsel uyarının işlenmesinden so-
rumlu en üst fonksiyonal merkezler arasında karşılıklı bir etkileşim bulunmadığına ve uzaysal görme
işlevinin göreceli olarak daha alt merkezlerin bir fonksiyonu olduğunu düşündürmektedir. 

Anahtar Kelimeler: Kobay; uyarılmış potansiyeller, görsel; görme, iki gözle
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the cen ters that con tri bu te to the pro ces sing of a par-
ti cu lar sen se.1-13 In tra-mo dal in te rac ti ons are usu ally
bet we en the si des of bi la te ral sen sa ti ons li ke vi si on
or au di ti on. Thus, bi na u ral and bi no cu lar in te rac ti -
ons form the ma jo rity of in tra-mo dal in te rac ti ons. 

In ter- and in tra-mo dal in te rac ti ons are mo de -
led with ne u rons that work ac cor ding to the and/or
lo gic and re ce i ve in puts from mul tip le cen ters.
Elec troph ysi o lo gi cal met hods are very im por tant
for re ve a ling the func ti o nal and dyna mic pro per ti -
es of the in te rac ting ne u rons, as well as pro vi ding
pro of for the ir pre sen ce.3,6,7,12-15 Both sing le cell and
com po und po ten ti als can be re cor ded for this pur-
po se.2,4,5,14,16-20 Whi le sing le cell re cor dings can pro -
ve the pre sen ce of the afo re men ti o ned in te rac ti ons,
gross po ten ti al re cor dings are tho ught to be mo re
in for ma ti ve for eva lu a ti on of the ir func ti o nal and
dyna mic spe ci fi ca ti ons. 

The most im por tant li mi ta ti on for the in te rac -
ti on stu di es is the im pos si bi lity of se lec ti ve sti mu -
la ti on of the in te rac ting ne u rons. This con di ti on
ne ces si ta tes uti li za ti on of in di rect met hods, which
re qu i re arith me tic ope ra ti ons. The most fre qu ently
used in di rect met hod for this pur po se is the sub-
trac ti on met hod. This met hod de pends on the ex-
trac ti on of the res pon ses of a ne u ron gro up, which
can not be sti mu la ted se lec ti vely, thro ugh cal cu la -
ti on of the dif fe ren ce bet we en po ten ti als re cor ded
in dif fe rent ses si ons: if any two ne u ron gro ups are
in de pen dent of each ot her, the res pon se to du al sti -
mu la ti on sho uld be equ al to the sum of res pon ses
when the se two ne u ron gro ups are sti mu la ted se p-
a ra tely. The re fo re, the exis ten ce of a dif fe ren ce be-
t we en sum med and com po und po ten ti als is the
cle ar evi den ce of an in te rac ti on bet we en the se two
ne u ron gro ups. This lo gic has sin ce be en emp lo yed
in va ri o us in ter- and in tra-mo dal in te rac ti on stu d-
i es in dif fe rent ver teb ra tes.4,7,9-12,14,19,21-23

The re are many bi na u ral in te rac ti on stu di es in
the li te ra tu re, per for med on va ri o us ex pe ri men tal an-
i mals inc lu ding gu i ne a pigs, as well as hu man stu di -
es.10-12,19,22,24-26 Alt ho ugh vi si on is one of the ma jor
so ur ces of da ta for the bra in, the re are very few stu -
di es on bi no cu lar in te rac ti on.1,13,21,23 De ter mi na ti on of
the dyna mic pro per ti es of an in te rac ti on is al most as
im por tant as the pro of of its pre sen ce.3,14,25,27,28 The

dis pa rity bet we en the num ber of stu di es con duc ted
on bi na u ral and bi no cu lar in te rac ti ons is al so ref lec -
ted on the num ber of dyna mic stu di es in the se sub-
jects. Alt ho ugh the re are many dyna mic stu di es on
bi na u ral and au di o-vi su al in te rac ti ons, it has not be -
en pos sib le to find any stu di es abo ut the dyna mics of
bi no cu lar in te rac ti ons.3,11,14,24,27,28 The ma in pur po se of
this study was to re ve al no vel in for ma ti on abo ut the
func ti o nal pro per ti es of the vi su al system by as ses -
sing the dyna mic pro per ti es of the in te rac ti ons in the
pro ces sing of res pon ses to bi la te ral vi su al sti mu li.

The gu i ne a pig bra in is con si de red a go od mo -
del to study in tra- and in ter-mo dal in te rac ti ons. Be-
ca u se of the su i ta bi lity for ste re o ta xic sur gery, it is
a con ve ni ent ex pe ri men tal ani mal for elec troph ysi -
o lo gi cal stu di es. The well-known calm na tu re of the
gu i ne a pig furt her fa ci li ta ted ma king mo ve ment ar-
ti fact-fre e re cor dings even from an awa ke ani mal
wit ho ut anest he si a. Con si de ring the se facts, gu i ne a
pigs are fre qu ently used in the in te rac ti on stu di es
inc lu ding bi no cu lar in te rac ti ons.5,8,10,11,14,17,21,23,26-35

The re are two stu di es that gi ve no tab le in for ma ti on
abo ut the bi no cu lar in te rac ti ons in the gu i ne a pig
bra in.21,23 In both stu di es, elec troph ysi o lo gi cal met -
hods we re used and the po ten ti als of bi no cu lar in-
te rac ting ne u rons we re ob ta i ned by the sub trac ti on
met hod. In one study, the dif fe ren ce po ten ti al was
cal cu la ted by sub trac ting the arith me tic sum of mo -
no cu lar res pon ses from the bi no cu lar one and this
dif fe ren ce po ten ti al was na med as the bi no cu lar dif-
fe ren ce po ten ti al (BoDP).21 This dif fe ren ce was ac-
cep ted as the ref lec ti on of ex tra ac ti vity of bi no cu lar
ne u rons, which re ma i ned si lent when eit her si de
was sti mu la ted and only disc har ged upon bi la te ral
sti mu la ti on. The ot her study sug ges ted that the re-
s pon se to a flash app li ed to an eye was af fec ted by
the con ti nu o us light app li ed to the ot her eye.23 Fin -
dings of the se two stu di es gi ve so me in for ma ti on
abo ut the mec ha nisms res pon sib le for bi no cu lar vi-
si on, which is, ho we ver, in suf fi ci ent to dis cri mi na -
te whet her a sing le mec ha nism or mul tip le
mec ha nisms are res pon sib le for such dif fe ren ce po-
ten ti als. The re fo re, cla ri fi ca ti on of this un cer ta inty,
which is im por tant to de fi ne the struc tu ral spe ci fi -
ca ti ons of the vi su al system, is al so ex pec ted by the
help of the re sults of the cur rent study.

Biophysics Demirtaş et al
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MA TE RI AL AND MET HODS
AnI�mAls

Ten al bi no gu i ne a pigs we ig hing 550 to 880 g we -
re used. All ex pe ri ments we re per for med in ac cor -
dan ce with The Gu i de for the Ca re and Use of
La bo ra tory Ani mals (www.nap.edu/ca ta log/5140.
html). Ca re and use of the ani mals we re ap pro ved
by the ins ti tu ti o nal et hi cal com mit te e. 

sur�gery

The ste re o ta xic sur gi cal ope ra ti ons for imp lan ting
re cor ding elec tro des to the skulls of the ani mals we -
re con duc ted un der anest he si a with 4 mg/kg Xyla zi -
ne and 40 mg/kg Ke ta mi ne.36 Pre ven ti ve me a su res
for stress we re ta ken be fo re sur gery. Af ter pla cing
the ani mal in the ste re o ta xic fra me (Sto el ting; Il li -
no is/USA) a mid li ne in ci si on was ma de to the scalp
and pe ri os te um; then, 9 ho les, each 0.85 mm in di a -
me ter, we re dril led. Epi du ral sta in less ste el screw
elec tro des, with a shaft di a me ter of 1 mm, we re scre -
wed in to the ho les. Co or di na tes of the elec tro des
we re cho sen ac cor ding to the in for ma ti on in the in-
te rac ti on stu di es of gu i ne a pigs and the ste re o ta xic
at la ses of the gu i ne a pig bra in.23,35,37-40 The gro und
elec tro de was pla ced 6 mm an te ri or to the breg ma
and 0.5 mm to the right of the mid li ne and the re fe -
ren ce elec tro de 1 mm pos te ri or to the breg ma and
0.5 mm to the right of the mid li ne. The re ma i ning
se ven elec tro des ser ved as ac ti ve re cor ding elec tro -
des: thre e in the mid li ne (6, 10 and 14 mm pos te ri -
or to breg ma) and fo ur in bi la te ral tem po ral re gi ons
(8 and 10 mm pos te ri or to breg ma, 6 mm la te ral to
mid li ne over both he misp he res). The con nec ti on
soc ket, elec tro des, and cab les we re firmly ce men ted
on to the skull with den tal acr ylic. Eyes of the gu i ne a
pigs we re kept mo ist du ring the ope ra ti ons. 

stI�mu�lA�tI�on�And�re�cor�dIng�pro�ce�du�res

All re cor dings we re ma de from awa ke gu i ne a pigs in
the pre sent study, as al so re por ted in ot her stu di es in
the li te ra tu re.8,14,23,30-32 A spe ci ally de sig ned res tra i ner
was used to avo id lar ge mo ve ments of the sub ject (Fi -
gu re 1a). Chan ges in sti mu la ti on du e to pos sib le he -
ad mo ve ments of the ani mal we re avo i ded by fi xing
the gogg les to the soc ket mo un ted on the skull (Fi g-
u re 1b). Thus, by vir tu e of the se me a su res and the

calm tem pe ra ment of the gu i ne a pig, it was pos sib le
to ma ke re cor dings wit ho ut anest he si a. To avo id ef-
fects of sur gi cal anest he si a af ter the ste re o ta xic sur-
gery, at le ast 72 ho urs of re co very ti me was al lo wed
for each ani mal be fo re da ta col lec ti on.

For both eyes, the sti mu li we re app li ed by the
high il lu mi na ti on LEDs in the cen ter of the co nic re-
f lec tors of the gogg les (Fi gu re 1d,e). The po ten ti als
we re amp li fi ed 5000 ti mes and the fil ters we re set to

FIGURE 1: A. Top view, B. side view of a guinea pig during a recording ses-
sion: Restrainer (a); electrode connector cemented to the skull by stereotaxic
surgery (b); connection socket of the recording system (c); the right and left
goggles, mounted to the connection socket, containing white LEDs and conic
reflectors (d, e).
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1.59 and 70 Hz (Glon ner Ne u roSys 2000; Kra il -
ling/Ger many). Po ten ti als lar ger than 600 µV we re
au to ma ti cally re jec ted by the soft wa re du ring re cor -
ding ses si ons. The samp ling in ter val was 3 ms and 256
po ints we re re cor ded in each swe ep; thus, a pe ri od of
768 ms was re cor ded in each swe ep. The in ter-swe -
ep in ter val was set to 2 se conds (768 ms re cor ding and
1232 ms wa i ting pe ri ods, Fi gu re 2a). The swe eps we -
re ave ra ged up to 2100 ti mes in each re cor ding ses si -
on. The po ten ti als we re di gi ti zed in 16-bit re so lu ti on
(Ad van tech PCL-816; Cin cin na ti/USA). A dark, elec-
tri cally shi el ded elec troph ysi o lo gi cal re cor ding
cham ber was used for the ex pe ri ments.

stI�mu�lA�tI�on�events

As men ti o ned in the in tro duc ti on, two al ter na ti ves
are ava i lab le for elec troph ysi o lo gi cal exa mi na ti on
of bi no cu lar in te rac ti ons: (1) App lying bi la te ral sti -
mu li both in flash form is pre fer red for pro ving the
exis ten ce of the bi no cu lar ne u rons.21 (2) By sti mu -
la ting one eye with flash (tran si ent, im pe ra ti ve)
and the ot her with con ti nu o us light (con di ti o ning),
it is pos sib le to dis cri mi na te which res pon se is af-
fec ted and which one is af fec ting sin ce a back gro -
und ac ti vity is pro du ced by con ti nu o us
con di ti o ning.23 As this study ai med the eva lu a ti on
of the dyna mic spe ci fi ca ti ons of bi no cu lar in te rac -
ti on, the lat ter al ter na ti ve was pre fer red.

Bi la te ral vi su al sti mu la ti on was plan ned as fol-
lows: whi le flash was app li ed to an eye as a tran si -
ent im pe ra ti ve sti mu lus to evo ke a vi su al res pon se,
con ti nu o us whi te light was app li ed to the ot her eye
as the con di ti o ning sti mu lus. Each re cor ding ses si -
on con sis ted of re pe a ted re cor ding cycles and each
re cor ding cycle con sis ted of thre e events (Fi gu re
2a). The se qu en ce of thre e events in cycles was sys-
te ma ti cally chan ged in or der to avo id un wan ted in-
ter fe ren ce bet we en res pon ses be ca u se of the
pro lon ged ef fect of the rhythmic af ter disc har ge se -
en in the vi su al evo ked po ten ti als (VEPs) of the gu -
i ne a pig. The se thre e events we re:

Sti mu lus (Stm): In this event, a tran si ent
flash with 100 µs du ra ti on and 130 mCd in ten sity
was app li ed to the right eye as the im pe ra ti ve sti m-
u lus. The flas hes we re al ways app li ed at 168 ms of
the Stm swe eps in all re cor ding ses si ons. 

Con di ti o ning (Con): Con ti nu o us whi te light
with an in ten sity of 80 mCd was app li ed to the left
eye as the con ti nu o us con di ti o ning. The star ting ti -
me of the con ti nu o us con di ti o ning light was kept
cons tant in a re cor ding ses si on. 

Con di ti o ning & Sti mu lus (ConStm): In this
event, both flash and con ti nu o us whi te light we re
app li ed to the sa me eyes as they we re app li ed in the
Stm and Con events. The flash, aga in with 100 µs
du ra ti on and 130 mCd in ten sity, was app li ed to the
right eye at 168 ms of the ConStm swe ep. The star t-
ing ti me of the con ti nu o us con di ti o ning light was
the sa me as that in the Con event of that par ti cu lar
re cor ding ses si on.

re�cor�dIng�ses�sI�ons�And�nA�mIng

The ti me bet we en the star ting of the con ti nu o us
con di ti o ning light and app li ca ti on of the flash was
na med con di ti o ning on set ti me (COT). The COT
va lu e of a re cor ding ses si on was de ter mi ned by the
star ting ti me of the con ti nu o us con di ti o ning light
be ca u se the app li ca ti on ti me of the flas hes was con-
s tant in all re cor ding ses si ons. Re cor ding ses si ons
we re na med ac cor ding to the ir COT va lu es. A re -
cor ding ses si on was tag ged with a mi nus sign if the
con di ti o ning was star ted be fo re the flash and with
a plus sign if the con di ti o ning was star ted af ter the
flash (Fi gu re 2b, 2c). 

Each re cor ded event was ave ra ged se pa ra tely
and the se ave ra ged po ten ti als we re used in the cal-
cu la ti ons and analy sis. In Fi gu re 3, a set of re cor ded
and cal cu la ted po ten ti als in a samp le re cor ding ses-
si on was de pic ted for de mons tra ti on. The top most
thre e tra cings show the ave ra ged po ten ti als re cor -
ded in the thre e dif fe rent events. As men ti o ned
abo ve, flas hes we re app li ed at 168 ms of the Stm
and the ConStm events and this app li ca ti on po int
was set as the ze ro on the ti me sca le. In this exam-
p le, the COT va lu e was -90 ms be ca u se the con ti -
nu o us con di ti o ning light had be en star ted 90 ms
be fo re the flash in the Con and ConStm events.

Twenty re cor dings we re ma de from each ani -
mal with dif fe rent COT va lu es ran ging bet we en -
150 ms to +420 ms in 30 ms steps: -150, -120, -90,
-60, -30, 0, +30, +60, +90, +120, +150, +180, +210,
+240, +270, +300, +330, +360, +390 and +420 ms.

Biophysics Demirtaş et al
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As can be an ti ci pa ted, the on set of the con ti nu o us
con di ti o ning light and app li ca ti on of flash is syn-
chro no us in the 0 ms COT re cor ding ses si on. The
met hod for cal cu la ti on of the dif fe ren ce po ten ti al,
il lus tra ted in Fi gu re 3, was app li ed to all po ten ti als
re cor ded with dif fe rent COT va lu es from the ani -
mals. The re fo re, a dif fe ren ce po ten ti al was ob ta i -
ned for each re cor ding in this study.

sta�tistical�Analysis

Re cor dings we re clas si fi ed ac cor ding to the ir COT
va lu es. The ba se-to-pe ak amp li tu des bet we en the
pe ak of the ne ga ti ve wa ve and the ba se li ne of the
dif fe ren ce po ten ti al we re cal cu la ted for each re cor -
ding in this study. The se ba se-to-pe ak amp li tu des
we re nor mally dis tri bu ted and they we re used in
the eva lu a ti on of the sig ni fi can ce for each COT
gro up by Stu dent’s t test. The sig ni fi can ce le vel was
de ter mi ned as p< 0.05.

RE SULTS
Among the 7 ac ti ve re cor ding elec tro des pla ced on
the skulls of the gu i ne a pigs, the most pro mi nent
bi no cu lar in te rac ti on was re cor ded from the elec-

tro de pla ced 10 mm pos te ri or to the breg ma on the
mid sa git tal li ne. All re sults pre sen ted be low we re
de ri ved from the po ten ti als re cor ded from this
elec tro de.

cAl�cu�lA�tI�on�of�the�dIf�fe�ren�ce�po�ten�tI�Als

In the elec troph ysi o lo gi cal sen se, the Stm tra cing
is a stan dard flash sti mu la ti on VEP. The Con tra c-
ing shows the ‘on res pon se’ ca u sed by the star ting
of the con ti nu o us con di ti o ning light. In the Con-
Stm tra cing, sin ce both the flash and the star ting of
the con ti nu o us con di ti o ning light are in the sa me
swe ep, the VEP and the ‘on res pon se’ are re cor ded
to get her with ‘bi no cu lar in te rac ti on ac ti vity’ in the
sa me tra cing (Tab le 1). In the ConStm, the ‘on res -
pon se’ and VEP, which al so con ta ins the ‘bi no cu lar
in te rac ti on ac ti vity’ can be dis tin gu is hed ea sily by
the la tency dif fe ren ce in Fi gu re 3 and this is why
the -90 ms COT re cor ding ses si on is pre fer red for
de mons tra ti on in this fi gu re. For examp le, if a 0 ms

FIGURE 2: A schematic view of a sample recording cycle consisting of three
events (a). Applications of the stimuli in these three events with -90 ms (b) and
+90 ms (c) COT values. In the (b) example, the COT value is -90 ms because
the continuous conditioning light was initiated 90 ms before the flash in the
Con and ConStm events. The continuous conditioning light was initiated 90 ms
after the flash in the example (c), therefore the COT value is +90 ms. 

FIGURE 3: Average sweeps, recorded in Stm, ConStm and Con events for
a COT value of  90 ms were given in the top three rows of the figure. The
fourth row shows the arithmetical difference between the ConStm and the
Con sweeps. The fifth row is the superimposed presentation of the difference
potential (ConStm-Con) and the Stm. The lowermost row is the difference
potential of the two superimposed traces in the fifth row.
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COT re cor ding ses si on had be en cho sen for the de -
mons tra ti on ins te ad of the -90 ms, the ‘on res pon -
se’ wo uld ha ve be en em bed ded in to the VEP,
ma king the ir dis tinc ti on im pos sib le.

A two-step sub trac ti on met hod was used in
each re cor ding ses si on to ex tract the bi no cu lar ac-
ti vity un der scru tiny (Tab le 1). In Fi gu re 3, the lo -
wer most thre e rows de mons tra te the cal cu la ti on
steps. If the con ti nu o us con di ti o ning light app li ed
to one eye did not mo dify the res pon se to the flash
app li ed to the ot her eye, the ConStm wo uld be equ -
al to the sum of the Con and the Stm. Ho we ver, the
ine qu a lity bet we en ConStm and (Con + Stm) imp -
li es that con ti nu o us con di ti o ning light app li ed to
one eye mo di fi es the res pon se to the flash app li ed
to the ot her eye. This two-step sub trac ti on met hod
was de sig ned to re ve al the in te rac ti on (Tab le 1): the
first step dif fe ren ce po ten ti al, ob ta i ned by sub trac -
ting the po ten ti al re cor ded in the Con event from
the one re cor ded in the ConStm event, is pre sen ted
in the fo urth row in Fi gu re 3. This first step dif fe -
ren ce po ten ti al is the sum of the res pon ses to the
flash and the po ten ti al of the in te rac ti on be ing stu -
di ed. To disp lay the dif fe ren ce bet we en Stm and
(ConStm-Con), both tra ces are shown in su pe rim -
po sed form in the fifth row. The dif fe ren ce bet we -
en the se two su pe rim po sed tra cings, the se cond
step dif fe ren ce po ten ti al, which is the in di ca tor of
the in te rac ti on be ing stu di ed, is pre sen ted in the
lo wer most row. The su pe rim po sed tra cings in the
fifth row are lar gely over lap ped, ex cept for the re-
gi on bet we en 50 and 100 ms; hen ce, the pro mi nent
wa ve in the dif fe ren ce po ten ti al, pre sen ted in the
lo wer most row, falls in the re gi on bet we en 50 and
100 ms. 

scAn�nIng�the�cot�rAn�ge

Fi gu re 4 de picts the ave ra ge va lu es of la ten ci es of
the ne ga ti ve wa ves in the dif fe ren ce po ten ti als, as
cal cu la ted from the re cor dings ob ta i ned with dif fe -
rent COT va lu es. The la ten ci es of the ne ga ti ve wa -
ves in the dif fe ren ce po ten ti als for the COT va lu es
bet we en -150 and -60 ms ma ke a pla te a u with an
ave ra ge of 64.75 ± 1.89 ms. The la tency of the ne -
ga ti ve wa ve was de la yed to 75 ms in the re cor ding
ses si on with -30 ms COT va lu e. The la tency in the
re cor ding ses si on with ze ro COT va lu e (the flash
and the star ting of the con ti nu o us con di ti o ning
light synchro ni zed) was 101 ms. For po si ti ve COT
va lu es, la tency de lays we re di rectly pro por ti o nal to
the in cre a se in the COT. No pro mi nent wa ves we -
re ob ser ved in the dif fe ren ce po ten ti als for the re -
cor ding ses si ons with COT va lu es gre a ter than +420
ms.

Samp le dif fe ren ce po ten ti als re cor ded with re -
la ti vely im por tant COT va lu es (bet we en -120 and
+120 ms) we re pre sen ted in Fi gu re 5. Amp li tu des of
the tra cings we re nor ma li zed to the tra ce with the
gre a test pe ak-to-pe ak amp li tu de in Fi gu re 5 in or -
der to al low for ea si er ins pec ti on of wa ve forms and
la ten ci es. The tra cings in this fi gu re are con cor dant
with the va lu es of the graph pre sen ted in Fi gu re 4.
It can be ob ser ved that the la ten ci es of the ne ga ti -
ve wa ves in the dif fe ren ce po ten ti als re cor ded with

Events Neurophysiological Contents

Stm VEP

Con On response

ConStm VEP + On response + Binocular Interaction Activity

Subtractions

First Step : [ConStm – Con] = VEP + Binocular Interaction Activity

Second Step : [ConStm – Con] – Stm = Binocular Interaction Activity

TABLE 1: Neurophysiological contents of the
recording events and the difference potentials.

FIGURE 4: Averaged values and standard deviations of the latencies of the
negative waves in the difference potentials calculated using the potentials
recorded with different COT values.
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the COT va lu es of -120, -90 and -60 ms re ma in un-
c han ged whi le they are gra du ally de la yed in the
fol lo wing re cor dings. 

When the fin dings pre sen ted in Fi gu re 4 and
Fi gu re 5 are eva lu a ted to get her, the se re sults can
be re ac hed: (1) Star ting the con ti nu o us con di ti o -
ning light 60 ms be fo re the flash or ear li er do es not
mo dify the la tency of the dif fe ren ce po ten ti al; (2)
Re cor dings with the COT va lu e of -30 ms are in a
tran si ti on pe ri od; (3) For the rest of the re cor dings,
the de lay in the la ten ci es we re di rectly pro por ti o -
nal to the in cre a se in the COT.

La tency is ac cep ted as a mo re re li ab le pa ra me -
ter than amp li tu de in the eva lu a ti on of this po ten -
ti al be ca u se a num ber of physi cal and physi o lo gi cal
con di ti ons inf lu en ce the amp li tu de of an evo ked
res pon se. Small amp li tu de po ten ti als, such as the

cal cu la ted dif fe ren ce po ten ti als in the pre sent
study, are es pe ci ally af fec ted by the se con di ti ons.
Furt her mo re, as ex pec ted, the re was no sta tis ti cally
sig ni fi cant re la ti ons hip bet we en the amp li tu des of
the dif fe ren ce po ten ti als and the COT va lu es. So,
no da ta re la ted to the amp li tu des we re pre sen ted. 

DIS CUS SI ON

It is wi dely re cog ni zed that only the ac ti vi ti es of
tem po rally and spa ti ally or ga ni zed ne u rons can re -
ach the skull.2,4,6,20,25 Alt ho ugh va ri o us types of po-
ten ti als are ge ne ra ted in the bra in, only so me can
be re cor ded from the skull. In this study, the ac ti -
vi ti es of or ga ni zed bi no cu lar in te rac ting ne u rons
we re re cor ded by epi du ral elec tro des and the in te -
rac ti on was pre sen ted by a dif fe ren ce po ten ti al. Al-
t ho ugh exis ten ce of a dif fe ren ce po ten ti al is
con si de red a cle ar evi den ce of a bi no cu lar in te rac -
ti on, it do es not pro vi de in for ma ti on abo ut the
types and num bers of in te rac ting ne u rons and the
types of the mec ha nisms res pon sib le for bi no cu lar
vi si on. Anot her fin ding is the pre sen ce of a dif fe -
ren ce po ten ti al that ref lects the ex tra ac ti vity of a
gro up of in te rac ting ne u rons which re ma in si lent
when a sing le sti mu lus ar ri ves from eit her si de and
only fi re upon disc har ges co ming from both si -
des.4,6,7,10,30

com�pA�rI�son�of�the�bI�no�cu�lAr�Inte�rAc�tI�ons

As men ti o ned in the in tro duc ti on sec ti on, the re are
two ma jor re fe ren ce stu di es in the li te ra tu re for the
pre sent study. When the se two stu di es are com pa -
red, alt ho ugh dif fe rent elec troph ysi o lo gi cal met h-
ods we re used, it is pos sib le to re ach si mi lar or
dif fe rent fin dings (Tab le 2). The ma jor com mon
fin ding in the two stu di es is the re ve la ti on of a bi -
no cu lar in te rac ti on. The pre sen ce of si mi lar mo -
nop ha sic ne ga ti ve wa ve forms in both dif fe ren ce
po ten ti als may be con si de red anot her si mi lar fin d-
ing. The ma jor dif fe ren ce bet we en the met hods of
the se two stu di es is the app li ca ti on of flas hes to
both eyes in one of the stu di es whi le con ti nu o us
con di ti o ning light was app li ed to only one eye in
the ot her. Ne vert he less, bi la te ral flas hes we re app -
li ed synchro no usly, whi le con ti nu o us con di ti o ning
light was ini ti a ted at le ast fi ve se conds be fo re the

FIGURE 5: Demonstrative calculated difference potential samples obtained
from the electrodes placed 10 mm posterior to the bregma on the midsagit-
tal line with COT values between -120 and +120 ms. The statistical results of
each averaged COT group are given with traces.



Turkiye Klinikleri J Med Sci 2008;28(6) 807

flash. Thus, this dif fe ren ce in sti mu la ti on pa ra -
digms may ha ve ac ti va ted dif fe rent mec ha nisms as
well. The ac ti ve re cor ding elec tro de was on the
mid sa git tal li ne in one study and it was on the pos-
te ri or tem po ral re gi on in the ot her. The most stri -
king dif fe ren ce bet we en the fin dings of the se two
stu di es is the dif fe ren ce bet we en the la ten ci es of
the ne ga ti ve wa ves in the cal cu la ted dif fe ren ce po-
ten ti als (58 ms ver sus 106 ms), which imp li es two
dif fe rent mec ha nisms. If the se two dif fe ren ce po-
ten ti als ref lect the ac ti vi ti es of dif fe rent re gi ons, it
may be sug ges ted that the re are at le ast two bi no -
cu lar cen ters. Ho we ver, the fin dings of the se two
stu di es are in suf fi ci ent to dis cri mi na te whet her a
sing le mec ha nism or mul tip le mec ha nisms are re-
s pon sib le for such dif fe ren ce po ten ti als.

When the re sults of the two stu di es men ti o -
ned abo ve com pa ra ti vely and the pre sent study are
eva lu a ted to get her, the fol lo wing re sults can be ac -
hi e ved: (1) When the con ti nu o us con di ti o ning
light is ini ti a ted 60 ms be fo re or even ear li er than
the flash, the la tency of the ne ga ti ve wa ve in the
dif fe ren ce po ten ti al is me a su red as 65 ms.21,23 This
va lu e is very clo se to the re sult (58 ms) of the study
in which con ti nu o us con di ti o ning light was used.23

The dif fe ren ce bet we en the re sults (ap pro xi ma tely
7 ms) was so small that it co uld be ca u sed even by
in di vi du al dif fe ren ces of the ani mals used in the
pre sent and the men ti o ned stu di es. (2) The la ten -
ci es of the ne ga ti ve wa ves in the re cor ding ses si ons
with 0 ms COT va lu e we re 101 ms in ave ra ge and
this va lu e was very clo se to the la tency of the (106
ms) in the study in which bi la te ral synchro no us
flas hes we re app li ed.21 It can be spe cu la ted that the
star ting po int of the con ti nu o us con di ti o ning light
is per ce i ved as a kind of tran si ent sti mu lus by the
bra in and ac ti va tes the sa me mec ha nisms as with a

tran si ent sti mu lus. Thus, it can be sta ted that the -
re is no no tab le dif fe ren ce bet we en synchro no us
app li ca ti on of bi la te ral flas hes and synchro no us ap-
p li ca ti on of con ti nu o us con di ti o ning light and
flash. 

In light of the fin dings of the pre sent study,
we think the re is suf fi ci ent da ta to conc lu de that
the dif fe ren ce po ten ti als ob ser ved in the two stu d-
i es are the pro ducts of the sa me bi no cu lar mec ha -
nisms, des pi te the dif fe ren ces men ti o ned in the
in tro duc ti on.21,23

two�hypot�he�tI�cAl�mo�dels�for�

bI�no�cu�lAr�In�te�rAc�tI�on

It is well known that the re are many func ti o nal and
struc tu ral dif fe ren ces bet we en vi su al and au di tory
systems. From this po int of vi ew, ana to mi cal path-
ways and func ti o nal pro ces ses for au di tory and vi-
su al sti mu li are al so very dif fe rent. Ne vert he less,
sin ce both vi si on and au di ti on are struc tu red bi la -
te rally, even in a hypot he ti cal si tu a ti on, bi na u ral
in te rac ti on mo dels can be adap ted to the vi su al sys-
tem. Among the bi na u ral in te rac ti on stu di es con-
duc ted to da te, stu di es that eva lu a te the res pon ses
to chan ging the ti ming of the sti mu li (In te ra u ral
Ti me Dif fe ren ce: ITD) app li ed to the ears ha ve an
im por tant pla ce.11,24,25,28 In the li te ra tu re, the re are
two pro po sed mo dels to exp la in how a chan ge in
the ITD va lu e af fects the la tency of the bi na u ral
dif fe ren ce po ten ti al:

The de lay li ne-co in ci den ce de tec tor mo del: In
this mo del, im pul ses co ming from bi la te ral re gi ons
ar ri ve at the ar ray of ne u rons in a bi na u ral cen ter
with suc ces si ve axo nal de lays du e to the two de lay
li nes cons ti tu ted by the af fe rent fi bers run ning in
op po si te di rec ti ons.41 Be ca u se of the hypot he ti cal
de fi ni ti on of this mo del, the shifts in the la tency of

Goksoy et al,* Ates et al,**

Interaction type Binocular Binocular

Stimulation types and directions Transient flash to one eye, continuous light to the other eye Transient flashes to both eyes

Timing of stimuli Flashes are applied at least 5 seconds after the onset of conditioning Synchronized

Recording location On the posterior temporal region On the midsagittal line

Nature of the difference potential wave A monophasic negative wave A monophasic negative wave

Latency of the wave in the difference potential 58 ms after the flash 106 ms after the flash

TABLE 2: Comparison of the methods and results of the two studies.

*References 23, **References 21.
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the bi na u ral dif fe ren ce po ten ti al sho uld be equ al to
ITD/2.

The nuc le us la mi na ris mo del: Ac cor ding to
this mo del, the de lay li ne is strictly in the pro jec -
ti ons from the con tra la te ral si de and the axo nal
de lays in the fi bers pro jec ting from the ip si la te ral
si de are all equ al to each ot her.42 Thus, the bi na -
u ral dif fe ren ce po ten ti al sho uld be de la yed by just
the ITD.

Si mi lar stu di es we re con duc ted in se ve ral ver-
teb ra tes inc lu ding the hu man be ing and re sults for
and aga inst both of the se mo dels we re ob ta i -
ned.24,25,28 The re are si mi la ri ti es bet we en the app li -
ca ti on met hods of the COT used in the pre sent
study and the ITD men ti o ned ear li er. As the op tic
fi bers cross over only in the op tic chi asm and do
not ma ke any synap ses in this re gi on, the de lay li -
ne-co in ci den ce de tec tor mo del is not li kely to be
va lid for the vi su al system. Mo re o ver, the nuc le us
la mi na ris mo del is mo re li kely to be va lid for the
fin dings pre sen ted in Fi gu re 4, es pe ci ally for the
po si ti ve COT va lu e re cor ding ses si ons whe re the
de lay in the la tency of the dif fe ren ce po ten ti al was
di rectly pro por ti o nal to the COT. When the abo -
ve-men ti o ned im por tant dif fe ren ces bet we en vi su -
al and au di tory systems are con cer ned, it is pos sib le
to spe cu la te that the nuc le us la mi na ris mo del is
mo re ac cep tab le for the ana to mi cal spe ci fi ca ti ons
of the vi su al system of the gu i ne a pig. The fact that
ap pro xi ma tely 95% of the op tic fi bers of the gu i -
ne a pig cross over in the op tic chi asm al so ma kes
the nuc le us la mi na ris mo del mo re con vin cing for
the gu i ne a pig vi su al system.43

dynA�mIcs�of�bI�lA�te�rAl�stI�mu�lA�tI�ons

If the con ti nu o us con di ti o ning light is star ted early
eno ugh (60 ms or mo re) be fo re the app li ca ti on of
the flash, the shor test pos sib le la tency (ap pro xi ma -
tely 65 ms) of the ne ga ti ve wa ve in the dif fe ren ce
po ten ti al is eli ci ted. Ho we ver, when the con ti nu o -
us con di ti o ning light was star ted less than 60 ms
ear li er or af ter the flash, the la tency of the dif fe -
ren ce po ten ti al was de la yed al most to the sa me ex-
tent as the de lay in the COT. The se re sults of the
ex pe ri ments with dif fe rent COT va lu es can be in-
ter pre ted as fol lows: 

COT = -60 ms: If the con ti nu o us con di ti o ning
light is star ted 60 ms pri or to the flash, the ef fects
of the flash and the con ti nu o us con di ti o ning light
re ach the bi no cu lar ne u rons con co mi tantly. In this
con di ti on, the la tency of dif fe ren ce po ten ti al is 65
ms. 

COT < -60 ms: If the con ti nu o us con di ti o ning
light is star ted pri or to the 60 ms ti me po int be fo re
the flash, the flash ef fect ca u ses a bi no cu lar res -
pon se as so on as it re ac hes the bi no cu lar ne u rons
as it finds the bi no cu lar ne u rons re ady to disc har -
ge un der the ef fect of the con ti nu o us con di ti o ning
light. In this con di ti on, the pe ri od bet we en the
flash and the dif fe ren ce po ten ti al do es not chan ge
and the res pon se oc curs with the mi ni mum la-
tency, which is 65 ms.

-60 ms < COT < +420 ms: If the con ti nu o us
con di ti o ning light is star ted la ter than the 60 ms ti -
me po int be fo re the flash, its ef fect re ac hes the bi -
no cu lar ne u rons be fo re the flash ef fect do es. In this
si tu a ti on, the bi no cu lar res pon se is de la yed ap pro -
xi ma tely to the sa me ex tent as the de lay in the con-
ti nu o us con di ti o ning light.14

COT > +420 ms: Hypot he ti cally, the re a son
why COT va lu es gre a ter than +420 ms do not ca u -
se a dif fe ren ce po ten ti al co uld be that, in this con-
di ti on, the flash ef fect di sap pe ars be fo re the
con ti nu o us con di ti o ning light ef fect re ac hes the bi -
no cu lar ne u rons and the bi no cu lar res pon se is not
ob ser ved be ca u se the ef fects do not co in ci de.14

An�As�sump�tI�on�Abo�ut�the�bI�no�cu�lAr�Inte�rAc�tI�on

Alt ho ugh the fin dings of this study we re dis cus sed
only in the con text of ge ne ral ne u roph ysi o lo gi cal
prin cip les and spe cu la ti ons abo ut ana to mi cal lo ca -
li za ti ons we re avo i ded, a re mark can be ma de abo -
ut the lo ca ti on of this men ti o ned in te rac ti on in the
func ti o nal struc tu re of the vi su al system.

CONC LU SI ON

Cor ti cal res pon se ac ti vi ti es ob ta i ned from the gu -
i ne a pig are known to be in the 55-300 ms ti me
win dow af ter the flash sti mu lus.21,34,35,43 If it is ac-
cep ted that the se ac ti vi ti es ca u sed by the flash re -
ach the bi no cu lar ne u rons in 65 ms, then the
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re sults of this study wo uld imply that this la tency
va lu e is re la ted to re la ti vely lo wer cen ters of the
vi su al system and ear li er sta ges of the cor ti cal pro -
cess. This fin ding has led us to con si der that an in-
te rac ti on do es not exist bet we en the hig hest
bi la te ral func ti o nal cor ti cal cen ters res pon sib le for
the pro ces sing of vi su al sti mu li at le ast for this ti -
me win dow (e.g., as so ci a ti on are as). Thus, it can

al so be spe cu la ted that most of the spa ti al vi su al
pro ces ses ta ke pla ce at re la ti vely lo wer cor ti cal
cen ters.21,34,35
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