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Uttraweak tuminescence is a ubiquitous phenomenon in biotogicat 
systems, which dif fers  from biotuminescemce of tucifer in- tuciferase.  
This tow-intensity emission is inherentty associated with the 
fottowing important processes such as oxidative metabotism, cett 
division, carcinogenesis, photosynthesis, and cett death. In generat, 
uttraweak tuminescence may be ctassif ied as two kinds, namety 
spontaneous and induced (Stawinska and Stawinski 1985a). Zebra 
fish is a recoBended specimen for toxicity and toxicotogicat test 
( taaie 1977). The purpose of this, the changes hefore and after the 
treatment with three chemicats:U0v NaN, or cyctophosphamide| 
their corretations between the dose and effect.  

MATERIALS AND METHODS 

Adutt zebra fish (Brachydanio rerio) purchased from Guanyuan- 
Aquarium (Beijin9 China). The fish were acctlmated in out 
taboratory for at teast 1 week prior to the s tar t  of the experiment. 
they were kept in aerated tap water at 25• ~ C and fed with the 
granutated fish fied (Beijing fish feed Inc. China). Sodium azide 
(NaN,) was purchased from Sigma, USA.Uranium dioxide (U0z) and 
cyctophosphamide~(CP) were products in China. 

Uttraweak ttminescence from fish was measured with a high sensitive 
singte-photon counting system which made in China (Shen Xun 1988). 
It  coutd measure the intensity of photon emlssion from tivin9 fish 
in the wavetength range of 400-70Orm. The photomuttiptier EMT 9659 
QB used in the system was cooted by tiquid nitrogen to reduce the 
background down to 48 cps, In this way, the equipment was abte to 
detect a cu�8 density of O.31vv �9 s"- cm ~ at a si0nificance 
tevet of 99.99~ within 6 hr. 

Fish samptes (five of each sample) from which the setf-controt ted 
( i . e . ,  the background vatue which exposured to none of chemicats) 
photon count rates (A,v . s" )  had been measured, were exposured 
in the sotution prepared fish were washed 3 times with the d i s t i t t ed  
water and then measured again to obtain the observed rates. Art 
measurements were carried out at 1400 mL480 times, 18OmV on the 
cotmtin9 equipment. Finatty, the tength (cm) of each zebra fish was 
measured. The average vatues of totat boby surface area of each 
s~p te  (5 fish) coutd be figured out from body surface area of one 
side of fish which had been round out by the ten9th of fish from 

456 



TaBte 1.Meanwhile, the d i f f e r ence  of photon courir r a te  was f i9ured 
out from that  tke observed ra te  minus the background ra te  of 
s e t f c o n t r o l  and quartz cuvet te-water ,  F i n a t t y ,  the u t t ra~eak  
tum�8 i n t e n s i t y  (ULI) was c a l c u l a t e d  from that the 
d i f f e r ence  of photon couat r a t e  of each sampte was d iv ided  from 
the avera~e value of the t o t a l  body surface  area, ~ d  expressed in 
A,v - s -r cm -~. 

Tabte 1.Surface area  of zebra f i sh  body. 

Len0gh Area Len9th Area Len0th Mea 
(cm) (c~) (cm) (c~) (ca) (c~) 

2.0 0.7497 2.7 1.2043 3.4 1.8740 
2.1 0.7570 2.8 1.2965 3.5 1.9320 
2.2 0.8710 L9 1.3701 3.6 2.0116 
2.2 0.8957 3.U 1.4142 3.7 2.1586 
2,r 1.0222 3.1 1.4686 3.8 2.3473 
2.5 1.0602 3.3 t.6647 3.9 2.4832 
2.6 1.1fi72 3.3 1.7454 4.0 2.7073 

RESULTS AND OtSEI~N™ 

ZeBra f i sh  emit th~ spontaneous ul traweak luminescence in the 
l i v i a g  state_Based ~tpoa the s l a t i t l c s  from 100 f ish ,  the avera9e 
vatue of the aa tu ra t  me~ of I ' !!  was 25• 1.68 A,v �9 s ~.  cm ~ and 
thus had an i n t e n s i t y  of the order of 1O-10~v �9 s -~+ cm ~. Tabte 
2 fu r the r  shows that  the i n t e n s i t y  af the spontaneous photon 
emission is re tevant  to lhe season and so increases  with r a i s i n9  
temperature of ~eanon. 

Tabte 2.Ultraweak luminp~cence i n t e n s i t y  from zebra  fish tmder the 
v a T i o u s  Se8™ 

l~q T 

( A ,  v �9 S " z ,  cm "t ) 
Winter Sprin9 Sttmmer 

Avera�e 14 27 49 
• 1.57 2.58 5.23 

In th i s  experiment, the phot~n count r a t e s  from zebra f i sh  t r e a t e d  
with UO2 were les~ t h ~  the re tevanl  s e l f - c o n t r o t l e d  r a t e s .  ULI 
of between s e t f c o n t r o t t e d  r a t e s  observed ones t r ea red  with U~ 
inr reased  with lhe increas in9  of UOe concentration, i . e . , t h e  r a t e s  
from ™ - t r e a t e d  f i sh  decreased with the increase  of ~Oz 
concent ra t ion ,  r e f t e c t i n ~  the de�ree of UO2 dama�in9 the 
tuminescence f ~ c t i o n  from fi~h enhanced with the r a i s e  of UO, 
c o n c e n t r a t i o n s  When the concen t ra t ion  of UO, was over 0.3 p 9 / m t ,  
a l !  f i sh  d i e d  
N~, enhanced the photoa emission from zebra f ish ,  but i t s  
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Tabte 3+Uttraweak luminescence i n t e n s i t y  from zebra  f i sh  induced by 
uranium dioxide+ 

concen t ra t ion  ( ~ O/iL) 

0.05 0.1 0.2 0.3 

ULI 9 13 19 27 
( A , v  �9 s " .  cm ~) 
• 3.27 3.26 2.48 1.77 

ma9nitude was so towered that  when NaN, concen t ra t ion  was up to 
0.2 m0/mt,  ULI approximated to 1 / v o  �9 s t .  cm~.The enhanced 
ULI decrseased with the r i s e  of NaN concen t ra t ions .  

Table 4+Ultraweak luminescence i n t e n s i t y  from f i sh  induced 
by sodium azide.  

Concentrat ion (mg/mi) 

0.05 0.1 0.2 

ULt ~ 3 l 
C A, v - s " -  cm + ) 
• 1.20 0.55 0.58 

Tabte 5. Uttraweak t~ ine~cence  i n t e n s i t y  from zebra f i sh  induced 
by cyctophosphamide. 

Concentrat ion (mg /mt )  

0.4 0.8 1.6 2.4 

ULI 33 20 13 6 
( h o  �9 S "t- cm ~) 
• 6.47 L05 3.25 2.10 

As with NaNv EP enhanced the photon emission from f i sh .  The 
enhanced ULI a lso  decreased with the f i s e  of CP concent ra t ions .  
The da ta  to be presented  in Tabte 6 shows that  the c o r r e t a t i o n  
between the dose of chemicats and e f � 8  of t h e i r  induct ions  is  
as fottows : for UO, or NaN~ i t  is  very s i9mi f i can t  ( p < 0 . O l ) ,  and 
for CP, i t  is  s i 9n i f i c auce  ( P < 0 . 0 5 ) .  

Zebra f ish  emit ul t rawesk luminescence (Ruth 1978),because of 
f i s h '  s sn rv iva t  a l l e r  measurin9, i l  may serve as seLf -con t ro l  for 
the t o x i c i t y  and t o •  t e s t  to prove the accuracy of l~e 
ex~erJzenta l  resu~ts .  Uq in~u™ a decrease ~f pkoton em�8 
from the t iv in~ f i sk  and [ t s  induction inc reases  with the �8  
of UO, concent ra t ions .  By con t ras t ,  NaR,.or CP induces an increase  
in ttminescence i a t e a s i t y ,  and i t s  induct ion decreases  with an 
increase  of the concent ra t ion  of e i t h e r  NaoE or CP. Moreover, there 
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Tabte 6.Corretation between the dose of chemicats and changes of 
uttraweak tuminescence intensi ty  from fish. 

ghemicats Regression equatio Re9resslon Significant  test  
A coeff ic ient  
(Y=a+BX) ( r )  (t  t es t )  

A 
UO~ Y=-6-71X -I.000 P<g.0I  

A 
NaN, Y=3-SX -0.993 P<0.01 

CP Y=33-12X -0.959 P<g.  O5 

are signficant  or very s i9nif icant  corretat ions bet~een the doses of 
chemlcat toxicants and changes of uttraweak tuminescence induced by 
chemicats. Based upon the 9eneratized modet for the d i f ferent  types 
of bioto9ical chem�8 (5tawinska and ™ 1985a), 
f ish is an emitter of excited carb onyt compmmds ( ~ ~ : O ' ) a n d  
dimotes O(lO~).Three chemicat toxicants may affect  the formation 
of act ivated oxy9en free radicats in bioto9icat  system to disturb 
the tuminesience function of zebra fish. For exampte. UO, a f fec ts  on 
the formation of active species such as RO0., ~0~,~0~ and O~ 
because the oxidation of uranium may d i rec t ty  in terfere  to the 
ac t iv i ty  of the above free radicats (Pet tersson t977).NaN~ is wett 
known rg be a hi@ seneitive quencher for 'O~(Abetes 1986).As for 
CP, it  is a cytos ta t ic  agent that causes the inhibit ion of cett  
9rowth and, for photon emisiion is in ctose retat ionship with cetl  
division, a f fec ts  on the tuminescence function of fish. Atthough the 
changes of uttraweak luminescence bave been known to be relevant to 
the formation and / o r  quenchin9 of act ivated oxy9en, the uttraweak 
tuminescence from objects ma 2 conceivabty bave various origins 
(Candenas 1984). Hence, the exact mechanism of uttraweak 
luminescence from the whote zebra f ish needs further research. 
Obviousty, the resut ts  of this study witt  be usefut for the 
theoret icat  aspects as wett as the prac t ica t  u t i l i z a t i o n  of 
uttraweak tuminescence and i ts  technique (Stawinska and Stawinski 
1985b). 
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