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One millisecond of light suffices to suppress 
nighttime pineal melatonin synthesis in rats 
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T h e  cffcct of a single hieh-intensity lighr p111se with ;I duration of 1 ms o n  niph~time pinc;il activity of 
male Spr:rpuc-Dnwley mi!: was invcs~igated. 10 minutes :~fter light exposlrrc pincal N-actyltr:insfcra~c : 

tivity and melatonin content wem sipn~ficanll~ rcduced. These results show lhat thc rat pinc:rl i s  cap:) 
of  responding to very short I~ght flarhcs ofh igh  intensity. 

In numerous experiments it has becn dcmonstrntcd that the biasynthctic activity 
o f  the mammalian pineal _gland is controIled by envfronmcntal light. Thic environ- 
mental cue acts through the retinal-hypothalamic pathway and is mediatcd by the 
qyrnpathetic innervation of the pineal gland (41. When rats or Syrian hamsters are 
exposed dunng the dark phase to artificial l i ~ h t  for 1 mln or less. both pincnl ,l'-acc- 
tyltr*an.;ferase (NAT) activity and mclatonin content are rapidly clecreaserI 12, 5, 7, 
Y]. Hov+cver, clectrophysiolo_rical studies have shown that the mammalian retina rc- 
sponds to light pulses much shorter than 1 s [lo]. This prompted us to investigate 
tlic cfTcct of a light flash of t ms on pineal activity in rats. 

M a l e  Sprayue-Dawley rats with a body weight betwcen 365 and 465 _e rvcre 
obtaincd from ;i commercial breeder. After arrival lhc animals werc kcpe under rou- 
tine Inhoratory conditions for 4 wcks  (12 h light-12 h dark; liehts on at 07.00 h: 
white fl uoresccnt strip Iight; 200 1 x at c a p  level). Six h after the onset of darkness 
7 rats were exposcd to a light pulcc produccd by ;i commercial photographic flnch 
l i gh~ .  The duration of r h f ~  flash was I rn5 ;is measured by a PIN-photodiode con- 
nccted to a storagc oscilloscope (GOULD 4035). lntensi~y was 2000 mWs/cm' at 
cage levcF. Tcn min later the rats were sacrifiocd hy decapitation, Six untreated rats 
killed under dim red light (< 1.5 pW/cm2) served as controls. The pineal was rapidly 
removcd and cut in half. One half of the gland was processcd and rcserved for fulurc 
clectronmicrn~cnprc studies. The othcr half w:is fro7cn in liquid nitrogen and 8 h lai 
sclnicatcd in 60 111 50 mrnolll phocphate buffcr pH 6.5. NAT activity was rneasur 
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as described by Dcgnchi and Axelrod [Zj. Pineal meratonin levels were assessed by 
radioimmunaassay [ I ]  and protein content was measured as described by Lowry et 
al. 161. Means were compared by Student's I-test. 

Means wcre compared by Student's I-test. 
Light exposure reduced the pineal NAT-activi ty significantly (P< 0.0 1 )  from 

X4.6f 18.9 nrnol.mg protein-'.h-' (mean + S.E.M.) to 6.4f 1.6 nrnol/rng protein-'. 
h-I.  Melatonin levels dropped from 18.0+_ 1.7 to 0.21 t 0 .07  ng mg protein-' 
(P < 0.01 ). 

Thc reduction of pineal mclatonin synthesis found in our  study was similar to thc 
suppression in response to much longer Tight pulses of 0.1 min in rats [5j and to a 

5- or I-s light pulse of very high intensity in Syrian hamsters [9]. In a study by Minne- 
mann et al. [XI the minimum intensity which affected pineal melatonin content during 
30 min exposure was 0.1 1 ,uw/crn2, corresponding to a totaI radiation efflux of 
approximately 200 , u ~ s , / c m ~ .  In our study, the rats received about ten times as much 
radiation within one millisecond. The suppression of NAT-activity and pineal mela- 
tonin content shows that the rat pineal is capable of responding to  extremely short 
light flashes of high intensity. This supports earlier suggestions [ l l ]  that in rats a cer- 
tain amount of radiation energy is necessary to affect pineal function, independent 
of the duration of exposure. 

The technical assistance of R. Lieherth is gratefuIly acknowlegded, This study was 
supportcd by the Deutsche Forschungsgcmeinschaft Vo 13518-5. 
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