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Abstract. Examina t ion  of  a section o f  an  otol i th  f rom a teleost fish by fast a tom b o m b a r d m e n t - s e c o n d a r y  ion  mass 
spect rometry  (FAB-SIMS)  revealed seasonal  periodicity in Sr, Na,  and  K concen t ra t ions  that  cor responded  with 
visual ly observed a n n u a l  band ing .  S t ron t ium max ima  also cor responded  with N a  and  K m i n i m a  and  vice versa. In  
add i t ion  there was a general,  apparen t ly  age-related, t rend in Sr levels, with concen t ra t ions  at the edge of  the otol i th  
be ing higher than  in the core. 
Key words. Fast  a tom b o m b a r d m e n t  (FAB);  secondary  ion  mass spect rometry  (SIMS);  fish otol i th ;  calcareous 
tissues, e lemental  analysis.  

Otol i ths  are hard,  stone-like, n o n - b o n y  structures which 
form part  of  the organs,  located in the inner  ear, which 
sense posi t ion and  mo t ion  in  vertebrates  1 In  teleost fish, 
otol i ths  are made  o f  ca lc ium ca rbona te  i n  the a ragoni te  
crystal  form, deposi ted in  a pro te in  mat r ix  1,2 Three 
pairs  are present  in the labyr in ths  o f  each fish of  which 
the sagittae, or  sagittal  otoli ths,  are the largest 2. Two 
types of  i n fo rma t ion  can be ob ta ined  f rom the sagittal  
otol i ths of  teleost fish. Firstly,  b a n d i n g  evident  to the eye 
or by low-powered microscopy can  of ten provide a 
m e t h o d  of  de te rmin ing  the age of  ind iv idua l  fish. The 
nucleus  of  an  otol i th  is present  at the beg inn ing  of  larval  

life, and  grows daily by the addi t ion  of  layers to the outer  
surface. In  sections th rough  an  otol i th  there is usual ly  
visible evidence of  periodici ty in the fo rma t ion  of  concen-  
tric layers on  daily, a n n u a l  and  somet imes in te rmedia te  
t ime scales 3, 4. Age-de te rmina t ion  of  fish is an  i m p o r t a n t  
par t  of  the s tudy of  popu la t i on  dynamics  and  ca lcula t ion  
of  sus ta inable  fishery yields. Various hard  parts  o f  the 
fish which show periodic band ing ,  inc lud ing  scales, bones  
and  f in-rays,  have been used for this purpose  4. Otol i ths  
possess the advan tage  that  they con t inue  to th icken by 
the addi t ion  of  layers to the medial  surface even when  the 
fish has ceased growing.  In  some fish species the process 
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of age-determination is straightforward, in others the 
banding is not clear and reading is somewhat subjective. 
A seasonal variation in chemical composition may 
provide an improved, more objective means of age deter- 
mination for such difficult species. Also, if chemical 
banding, correlated with seasonal environmental 
changes, was found to be the norm, it could provide a 
means of validating the conclusions drawn from count- 
ing the visible bands. 
Secondly, studies of the elemental composition of 
otoliths, like those of other calcareous tissues of  biologi- 
cal origin, such as corals 5, may provide information 
about past environmental, climatological and oceano- 
graphic conditions 6. In particular, the concentration of 
Sr in aragonitic carbonate has been shown to be nega- 
tively correlated with temperature in both non-biologi- 
cal 7 and biological systems 5, though recently it was 
claimed that temperature was of no importance in deter- 
mining the Sr concentration in fish otoliths 8. I f  the chem- 
ical composition of otolith bands could be shown to 
reflect environmental variables such as temperature, 
long-lived fish might be useful as indicators of conditions 
in the recent past, and fossil otoliths 9 present in sedimen- 
tary rocks might well yield information on paleoclimato- 
logical and paleooceanographic environments. 

Material and methods 
In this study we examined the Sr, Na and K concentra- 
tions in a fish otolith section by fast atom bombardment- 

secondary ion mass spectrometry (FAB-SIMS). A sec- 
tion, 1 mm thick, cut to include the nucleus (core), was 
obtained from an otolith taken from a red emperor (Lut- 
janus sebae) from Western Australian coastal waters (lat. 
27~ long. 113~ The age of the fish was estimated 
as 27 years by a count of  the visual bands within the 
otolith (fig. 1). After polishing, the sample was cleaned 
by ultrasonication in water. A CAMECA IMS4f ion 
microscope with a FAB source was used to record the 
images and line-scans of  positive secondary ions derived 
from the sample. A detailed description of the FAB- 
SIMS instrument has been reported 1~ A 15 keV O z 
neutral beam was used to bombard the sample surface, 
and the secondary ion image was recorded on a resistive 
anode encoder image acquisition system. When the 
sample was mounted for analysis, a copper grid of 
700 • 500 Ixm mesh was placed between the sample and 
the inside face of the sample holder to reduce sample 
charging. 

Results and discussion 
Line-scans of 2aNa +, 39K+, 4~ + and 88Sr+ secondary 
ions were measured by 5-1am step scanning of the sample 
from the edge to the nucleus across the opaque (light) 
and hyaline (dark) zones (fig. 1). The area analyzed at 
each step was 8 ~tm in diameter. To minimize the effect of 
sample charging, the intensity ratios of 23Na +, 39K + and 
88Sr§ relative to 4~ (matrix element) were calculated 
and plotted against distance (fig. 2). The charging effect 

Figure 1. Otolith cross-section showing position of line-scan analysis. 
Analysis by ICP-AES of whole otoliths from L. sebae (n = 5) gave the 
following elemental concentrations (mean and range): Ca, 38.6 %, 37.3 

40.3; Na, 4582mgkg 1, 4344 4884; K, 731mgkg 1, 704 840; Sr, 
1805mgkg 1, 1772-1916. 
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Figure 2. Scans of 23Na +, 39K+ and SSSr+ along the line indicated in 
fig. 1. Intensity ratios of three ions to 4~ are plotted against distance 
from edge to nucleus. 
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for the relative SSSr+ intensity was successfully compen- 
sated. However, compensation of the charging effect was 
insufficient for the relative 23Na  + and 39K+ intensities. 
Consequently a reduction in the relative intensities of 
these two ions was found in the vicinity of the copper 
grid. It can therefore be assumed that Ca and Sr are 
contained in the same phase, i.e. the aragonite lattice, 
and Na and K are contained in another phase, possibly 
another mineral phase. The total concentration of Na 
(about 0.45 %) and protein ( < 1%) suggested that most 
Na was unlikely to be associated with protein. 
Figure 2 shows the variation in the relative concentra- 
tions of Na, K and Sr in the sample. Oscillating patterns 
of relative intensities with a 100-200 ~tm repeat period, 
corresponding with the visual bands, were clearly ob- 
served. The patterns for Na and K were similar to each 
other. The repeat period near the edge of the otolith was 
shorter than that near the nucleus, and again this pattern 
was consistent with the pattern of  opaque and hyaline 
zones observed in the sample as seen in transmitted light 
(fig. 1). The concentrations of the three elements showed 
fluctuations of + 10-30%.  In addition it can be seen 
that the maximum Sr concentrations corresponded to the 
minimum Na and K concentrations and vice versa, and 
that the Sr concentration decreased from edge to nucleus 
by about 45 %. Images of 23Na + and SSSr+ distribution 
are shown in figure 3; the heterogeneous distribution of 
these elements, i.e. the microstructure of the otolith, is 
clearly demonstrated. By using the copper grid as a refer- 
ence marker it was possible to assign the high Sr, low Na, 
K zones to the hyaline bands (assumed to result from 
slower, winter growth4; fig. 1), and the low Sr, high Na, 
K zones to the opaque (summer) bands. Thus the deposi- 
tion of Sr may well be temperature-related. 
Mean concentrations for Sr and Ca in whole otoliths of 
1805 m g k g - 1  and 38.6% respectively (from ICP-AES 
measurements), mean fluctuations in Sr concentration of 
about _+ 12.5% across the otolith (fig. 2) and an annual 
temperature range of 7~ (winter, 18~ summer, 

Figure 3. (A) SSSr+ and (B) 23Na+ secondary ion images (250 rtm diame- 
ter) of area indicated in fig. 2. 

25 ~ gave, assuming linearity, an approximate relation- 
ship of Sr/Ca 103= 8 . 3 -  0.17T (~ This shows a 
much greater variation of Sr/Ca with temperature in 
otoliths than for aragonite in non-biological systems (Sr/ 
Ca 103 = 10.66-0.039 T)v, or for aragonitic corals (St/ 
Ca 103 = 10.94 - 0.07 T) 5, but the value is similar to 
that of 16.37 - 0.22 T obtained by analysis of whole 
otoliths from fish maintained in aquaria at a range of 
temperatures 6. It appears, therefore, that biological fac- 
tors are of much greater importance than simple inorgan- 
ic fractionation in determining the concentrations of  Sr 
in otolith carbonate, but that these factors are themselves 
temperature-dependent. However, variations in Sr con- 
centration across the otolith section suggest that caution 
should be exercised in attempting to derive temperature 
data from analysis of whole otoliths. 
This study demonstrated clearly that fluctuations in the 
concentrations of Sr, Na and K in fish otoliths, which 
were likely to be temperature-dependent and therefore 
related to season, corresponded with the visual banding 
which is accepted as being formed on an annual basis. It  
also showed that biological factors, presumably related 
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to fish physiology, predominate over inorganic processes 
in determining trace element concentrations in otolith 
carbonate. Presumably the reasons for the changes in 
discrimination by the fish for and against the various ions 
will be clarified when more is known about  seasonal 
variations in fish physiology, and their precise relation- 
ship to environmental conditions. 
Inasmuch as otolith microchemistry provides an environ- 
mental record, long-lived species and fossil otoliths might 
provide evidence of  past environments, despite the fact 
that the underlying biological processes are not yet de- 
fined. In addition, information on the life histories of  
individual fish, particularly those of  migratory habit, 
should be contained within their otoliths, and it should 
be possible to reveal this information by microchemical 
analysis. The work described here has shown the value of  

FAB-SIMS as a tool for the elemental analysis of  intact 
calcareous samples, giving high spatial resolution. 
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Abstract. In vitro studies showed that the flavonoid aglycones apigenin, luteolin and kaempferol inhibited the 
hyaluronidase activity of  five different venoms dose-dependently. They were also able to delay the venom action when 
injected into mice. Naringenin, catechin and flavonoid glycosides had no effect. The flavonoids with unsubstituted 
hydroxyl groups at C-positions 5, 7 and 4', a double bond between carbons 2 and 3, as well as a ketone group at 
position 4, exhibited potent inhibitory actions on the venom hyaluronidases. 
Key words. Flavonoids-hyaluronidase inhibition-venom action. 

Flavonoids are benzo-~-pyrone derivatives which are 
ubiquitous in plants 1 and they exhibit a great variety of  
pharmacological effects in biological systems 2.3. They 
are also present as important  constituents in several 
preparations used in folk medicine 4. Various plant ex- 
tracts have been reported to be able to neutralize the 
lethal activity of  snake venoms s, 6. Nevertheless, it must 
be borne in mind that such effects on the lethal activity 
do not necessarily correlate with the neutralization o f  
specific pharmacological or enzymatic activities 7. 
Hyaluronidase (EC 3.2.1.35), an enzyme widely dis- 
tributed in mammalian testes, leech heads, invasive bac- 
teria, and venoms of  snakes, bees, scorpions and poi- 
sonous fishes s, 9 depolymerizes hyaluronic acid, a major  
constituent of  animal connective tissues, which is essen- 
tial for maintaining the integrity of  the extracellular ma- 
trix 1~ Venoms of  snake, bee and scorpion contain 
hyaluronidases with molecular weights ranging from 
33,000 to 110,000 11'12 , but little is known about  the 
molecular structures of  these enzymes. The activity of  
venom hyaluronidases shows a broad pH range in vitro, 

with an opt imum pH at 4 . 0 - 5 . 0  9'1~ 12. The end prod- 
ucts of  the action of  these enzymes on hyaluronic acid are 
mainly tetrasaccharide units 9. 
Tu and Hendon 11 supplied experimental evidence that 
this enzyme plays a role as a 'spreading factor'  in the 
toxic action of  venom. Despite the fact that 
hyaluronidase in itself is not  a toxin 1 a, it may contribute 
to local or systemic envenomation by accelerating venom 
absorption and diffusion into the tissues of  the victim 14. 
Therefore, inhibition of  this enzyme could play an impor- 
�9 tant role in the therapy of  venom poisoning. 
Earlier work reported by Rodney et al. 15, and investiga- 
t ions carried out in our laboratory 16, showed that sever- 
al structurally related flavonoids exhibited potent inhibi- 
tion of  bovine testis hyaluronidase. The present report is 
an investigation on the effects of  a series of  13 flavonoids 
(table 1) on the hyaluronidase activity present in several 
commercially available snake, scorpion and bee venoms. 
In addition, venoms of  two different species of  snakes, 
namely the rattlesnake (Crotalus atrox) and the Malayan 
Cobra (Naja naja sputatrix), were used as models for an 


