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Short Communications 

Electron diffraction of  the metallic elements in the pineal organ of  a freshwater fish, Mystus vittatus (Bloch.) 

D.K. Srivastava 1, S.S. Khanna, V.M.S. Sriwastwa and R. Kumar I 

Department of  Zoology, K.N.  Govt. Postgraduate College, Gyanpur-221304 (India), 10 January 1984 

Summary. By electron diffraction pattern the presence of metallic elements, particularly chromium-nickel, chromium phosphide, 
copper, aluminum-copper and zinc has been shown in the pineal organ of a freshwater teleost, M. vittatus. It is likely that their 
occurrence within the pineal is due to binding with the neurosecretory material fractions/ligands. 
Key words. Mystus vittatus; pineal organ; electron diffraction; metallic elements. 

The ultrastructure of the teleostean pineal organ has been ex- 
tensively studied, but the existence of metallic components in 
the pineal organ of fish has not been investigated so far. There 
are, however, reports of several investigations where metallic 
elements were discovered in mammalian pineals 2-8, which 
motivated the present study. 
Over 100 adult M. vittatus, which were procured from local 
ponds at and around Gyanpur (India) were sacrificed in the 
present study. The pineal organ was carefully taken out with 
the help of the binocular dissecting microscope ( x 20). A 2% 
glutaraldehyde and 1.3 % paraformaldehyde solution 9 in 0.1 M 
cacodylate buffer (pH 7.2) was used as fixative at 4~ 
Quickly-dissected pineal organs were left in fixative for 1.5 h 
then washed in 0.1 M cacodylate buffer containing 7 % sucrose 
solution. All pineal specimens were post fixed in ice-cold 0.5 % 
osmium tetraoxide solution in the same buffer for 2 h. The 
fixed pineal was rinsed in four changes of ice-cold double dis- 
tilled water for 1 h and dehydrated in a graded series of etha- 
nols. After passing through acetone, the whole pineal sac was 
used as a thin flake and examined with a Philips EM-200 Elec- 
tron Microscope under transmission by employing the diffrac- 
tion contrast images (DCI) and selected area diffraction (SAD) 
modes. Detailed investigation leading to identification of 
crystalline phases was done by calculating the d-spacing of the 

diffraction phases through a camera constant by formula: 
camera constant 

d - (where d and r denote interplaner spacing 
r 

and distance of the diffraction lines or spots from the center of 
transmitted beam position respectively). This constant was ob- 
tained by employing spec pure silver (99.999 %) thin film as the 
standard material. The structural data from the ASTM index 
card were collected and compared against the data calculated 
from the diffraction experiments. The interplanar d-spacings 
were also checked and compared. 
The DCI mode often revealed the presence of agglomerate 
which appeared to have a crystalline metallic character. A rep- 
resentative example of this is shown in figure 1. The SAD 
mode was then utilized to obtain a diffraction pattern (DP) of 
these agglomerates, which invariably revealed the presence of 
crystalline components represented by sharp Bragg diffraction 
rings and/or spots. DP from the randomly oriented tiny ag- 
glomerates gave the ring pattern (figs 2-5) and regions of large 
agglomerates (fig .6) exhibited a single crystal (see figs 7 and 8); 
the figures show typical examples. The most dominant metallic 
elements found in the fish pineal were chromium-nickel and 
chromium-phosphide. The next most often encountered ele- 
ment corresponded to copper. In other cases, as well as these 
metallic elements others were found, which were identified as 
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a luminum-copper  and zinc. These results are depicted in the 
table. The existence of  copper,  zinc and chromium in the 
pineal Organ o f  M .  v i t ta tus  was verified in a scanning micro- 
scope employing E D A X  analysis. This supports  the obser- 
vat ions made  by transmission electron microscopy.  
It is considered that  inorganic componen t s  exist as functional  
const i tuents  within all living cells l~ In investigations involving 
the studies of  mammal ian  pineals, the presence of  calcium and 
magnesium 2"7, osmiophil ic granules 3"4, copper,  mangnese  and 

Showing indices of the most intense reflections cdresponding to the 
d-values of identified metallic elements in the pineal organ of Mystus  
vittatus (Bloch.) 

Identified Number Indices of d-values (A) Electron 
metallic of speci- the most Standard calcu- diffraction 
elements mens intense (ASTM*) lated pattern 

examined reflection (EX- 
PTL**) 
SE•  
0.05 s 

Chromium- 
nickel 30 211 1.870 1.814 

Chromium- 
phosphide 30 111 2.378 2.450 

Copper 24 111 2.088 2.112 
Almninium- 

copper 24 010 3.580 3.586 
Zinc 20 102 2.308 2.261 

Powder 

Powder 
Powder 

Powder 
Single 
crystal 

* American Society for Testing Materials. ** Data calculated from the 
diffraction experiment. SE denotes experimental error limit. 

Figure 1. Electron microphotograph reveals the agglomerate (arrows) of 
tiny crystals in the pineal organ of M. vittatus (Bloch.), x3750 (scale 
bar = 1 gin). 

Figure 2. Electron diffraction pattern of pineal organ of M. vittatus 
showing Bragg's rings of chromium-nickel. Figure 3. Electron dif- 
fraction pattern of the pineal organ of M. vittatus indicating Bragg's 
rings of chromium-phosphide. Figure 4. Microphotograph shows 
the electron diffraction pattern of copper in the pineal sac of M. vittatus. 
Figure 5. Bragg's rings of aluminum-copper shown by employing elec- 
tron diffraction techniques in the pineal sac of M. vittatus, 

Figure 6. Electron microphotograph exhibiting the agglomerate (ar- 
rows) of individual crystalline forms in the pineal sac of M. vittatus, 
x 3750 (scale bar = 1 txm). 
Figures 7 and 8. Bragg's spots indicate the presence of single crystal 
pattern of zinc in the pineal sac of M. vittatus by employing electron 
diffraction pattern. 
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zinc s and calcospherulites 6 as quoted by Relkin 8 have been 
recognized. Quay 7 also stated that molybdenum, iodine, co- 
bait, aluminum, barium, chromium, titanium, silver, nickel, 
mercury, strontium and lead are worthy of analysis in the 
pineal organ. The results of the present analysis revealed that 
the pineal organ of the freshwater teleost, M. vittatus definitely 
contains chromium-nickel, chromium-phosphide, copper, alu- 
minum-copper and zinc. 
Histochemical studies suggest a variable presence of carbohy- 
drates, proteins, lipids and mucoid substances in pineal organs 
from the same fish, containing many amino (-NH2), carboxyl 
( -COOH),  hydroxyl ( -OH) ,  phosphonyl (-PO3H2) , sulfhydryl 
( -SH)  and thiol groups 1I. As in most of  the mammalian spe- 
cies it is possible that these histochemical fractions/ligands of 
neurosecretory activity within the fish pineal provide binding 
sites for these inorganic constituents. It is expected that the 
results of the present investigation will further induce pinealog- 
ists to elucidate the probable role of these elements in the met- 
abolic fate of the pineal complex. 
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Effects of carotid sinus nerve stimulation on respiratory sinus arrhythmia and respiratory blood pressure waves of the 
dog 

H. Warzel and H.-U. Eckhardt 

Institut fiir Physiologie, Medizinische Akademie Magdeburg, Leipziger Strasse 44, DDR-3090 Magdeburg (German Democratic 
Republic), 15 December 1983 

Summary. The effect on the amplitudes of RSA and RBPW of the time of the stimulus in the cardiac cycle, and also of continuous 
stimulation were studied. When the stimulus train was applied near peak systole the amplitudes of RSA and RBPW decreased. 
Stimulation in late systole increased both RSA and RBPW. Continuous stimulation did not exert any effects on RSA and RBPW. 
Key words. Carotid sinus nerve stimulation (CSNS), R wave-triggered; respiratory sinus arrhythmia (RSA); respiratory blood 
pressure waves (RBPW); cardio-respiratory coordination. 

The heart is under the continuous but changing influence of 
efferent sympathetic and parasympathetic activity 1. In addition 
to various forms of peripheral and central mechanisms, this 
efferent activity is very efficiently influenced by baro- and che- 
moreceptors 2 as well as by respiratory rhythm 3'4. The central 
interactions of these input into the 'common brain stem system 's 
affect sympathetic and parasympathetic activity usually in op- 
posite directions. Consequences of such interaction are the respi- 
ratory cycle-related sensitivity of the baroreceptor reflex < 6-8, the 
RSA 3, 4. 9, 10 and the RBPW 3' 8, ~1, 12 The effectiveness of the 
baroreceptor reflex is dependent on the position of the stimulus 
in the cardiac cycle, too TM ~4. Stimulation of the medullary 
pressor as, the depressor 16 areas, the aortic depressor 17 and the 
carotid sinus nerve 18 produces a very pronounced effect on the 
efferent sympathetic activity in response to stimuli applied in the 
early systole. 
The R wave-triggered CSNS during this cardiac phase causes the 
RBPW to vanish ~9. 
To date, however, no systematic studies have been carried out on 
RSA and RBPW responses with respect to stimulus position in 
the cardiac cycle. Therefore, we studied the influence of CSNS at 
various time intervals after the R wave of the ECG on the 
amplitudes of RSA and RBPW. It was the aim of this study to 
obtain new findings on interactions and interconnections be- 
tween the respiratory and rapidly-reacting cardiovascular con- 
trol systems. 
Material and methods. Experiments were done on 13 adult spon- 
taneously breathing dogs (11-34 kg) of either sex, anesthetized 
with ethyl urethane (375 mg/kg, i.m.) following premedication 
with morphine sulfate (15 mg/kg). Supplementary urethane was 
given by i.v. drip at a rate of 62.5 mg/kg/h. The carotid sinus 
nerves (CSN) were identified by recording their pulsatile nerve 

activity, and placed on bipolar platinum electrodes in a pool of 
mineral oil for stimulation. 
The intact CSN was stimulated with short trains of impulses 
given at various times in the cardiac cycle. Each train consisted 
of five square-wave impulses inserted 0 210 ms after the R wave 
of the ECG. The impulse duration was 0.5-1 ms and the impulse 
spacing 25 ms. Identical parameters were used for continuous 
stimulation. The stimulating current was adjusted in such a way 
that the CSN depressor response would be 2 kPa (usually 0.1-3 
mA). Current values and the impulse form were monitored on a 
cathode-ray oscilloscope. Breathing was enhanced only to a 
minor extent if at all, by the above stimulus parameters. Each 
stimulation series for the various delay settings lasted about 2 
rain and was followed by a recovery period of 2 rain. 
Polyethylene catheters were inserted into the femoral artery to 
record arterial pressure, and into the femoral vein for adminis- 
tration of drugs. 
Arterial pressure, ECG and the beat-by-beat heart rate were 
recorded by means of a multichannel oscillographic recorder. 
The ECG potentials were used to operate a linear instantaneous 
rate meter, the function of which was to produce an output 
voltage whose amplitude was at all times inversely proportional 
to the time interval between the last two input impulses, i.e. 
proportional to the instantaneous rate (fig. 1). To evaluate the 
relative influence of the respiration on heart rate and blood 
pressure, the indexes A RSA = RSA~t-RSAo and &RBPW = 
RBPW~t-RBPW o (o = prior to, st = during stimulation) where 
RSA = HRMAx-HRMI N and RBPW = BPMAx-BPMI N (MAX = 
high, and MIN = low value during respiratory cycle), were cal- 
culated. 
Statistical evaluation of the findings was made by use of the 
concordance coefficient (Kendall) with a given p < 0.001. 


