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a, c and d show thin section 
NMR images of intact apple, sat- 
suma and plum respectively, b is 
a subsequent section taken at the 
level of the imaging plane of the 
apple. These images demonstrate 
the resolving power of NMR 
imaging when applied to biologi- 
cal systems. 

images of  biological objects are produced in a reasonable 
time. Tissue contrast is clearly demonstrated and can be 
attributed to variations in water content and N M R  relax- 
ation times, signal ampli tude increasing as the mobili ty o f  
the system increases l~. Further  exploitation of  the method 
could involve such intriguing possibilities as the measure- 
ment o f  N M R  relaxation times, diffusion coefficients, flow, 
chemical  shifts 12, and the distribution of  other  resonant 
nuclei 13,14 at localized regions within intact heterogeneous 
systems. 
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Methods of experimental yolk removal from Brachydanio rerio eggs 
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Summary. The yolk of  Brachydanio rerio eggs was removed by pipettation, bursting and cutting off  with a scalpel. The total 
yolk removal  before the 8-cell stage led to a germ with irregular groups o f  cells, at the 8-cell stage to a topologically 
irregular differentiation, at the 64-cell stage to a nearly normal  embryo, which is not viable. 

The influence o f  yolk on the development  of  the extreme 
yolky teleostean egg with partial egg-cleavage of  Brachyda- 
nio rerio can be investigated. 3 methods o f  experimental  
yolk removal  will be demonstrated. The standard develop- 

ment o f  the zebrafish was described in detail by Hisaoka 
and Battle ~. Exper imental  yolk removal  from other teleos- 
tean eggs was carried out by Oppenhe imer  2 and Trinkaus 
and Drake 3 in Fundulus, Tung and Tung 4 in Carassius, 
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Devillers 5 in Salmo and Esox, and Kastomarova 6 in Mis- 
gurnus. 
Methods. Eggs of Brachydanio rerio are relieved from 
chorion by means of fine dissecting needles and brought 
into sterile, lid-covered glass vessels filled with Holtfreter's 
solution. The following methods of experimental yolk 
removal have proved appropiate. 
1. Partial yolk removal by the aid of a pipette. Half of the 
yolk is removed by pipettation at the 64-cell stage and at 
blastula stages. The pipettes are made of thin glass tubes of 
an outer diameter of 3 mm and a wall-thickness of 0.5 mm. 
The diameter of the pipette opening is 50 gm. A smaller 
diameter proves inefficient when sucking up the relatively 
large yolk granules. The pipette, inserted into the vegetative 
pole of the egg, sucks up the yolk by capillary attraction. 
After the pipette has been carefully removed from the yolk, 
the wound is immediately dosed by the yolk membrane, 
which prevents a further loss of yolk. 
This method turned out to be unsuitable for total yolk 
removal, because a removal in this way is impossible 
without severely damaging the blastoderm. Moreover, 
young cleavage stages can only be treated with a great loss 
of material. 
2. Total yolk removal by bursting. Total yolk removal is 
possible by utilizing the surface tension of the rearing 
solution. The egg, freed from chorion, is brought to the 
surface of the liquid by sucking it slightly into a Pasteur 
pipette. Once in contact with the surface of the liquid, the 
surface tension tears the yolk membrane, which makes the 
yolk float out. The blastodisk rounds off and sinks to the 
bottom of the glass. 
This method represents a rather simple way of removing 
the yolk totally. But in contrast to method 1 the yolk 
membrane is also removed. That, however, does not pre- 
vent a further development. Unfortunately this method is 
only applicable to blastula stages, because the cells of the 
blastodisk of young cleavage stages are damaged by the 
surface tension of the liquid. 
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3. Yolk removal by cutting it off with a scalpel. Yolk 
removal by cutting it off with a scalpel can be carried out 
on blastula stages as well as on young stages. The yolk is cut 
off below the margin of the blastodisk. The relatively large 
wound closes quickly. As the blastodisk lies like a cap on 
the yolk sphere, often the total yolk cannot be removed by 
1 cut, which results in the remaining of considerable yolk 
quantities in the egg. After a 2nd cut, however, the wound 
is often so large that the egg dies. 
This method of yolk removal can certainly be carried out 
quickly, but it is accompanied by a considerable waste of 
material. 
Results. If the yolk is totally removed before reaching the 8- 
cell stage, there arise germs with irregular groups of cells, 
which cannot be related to a certain germ layer. If the yolk 
is removed completely from the 8-ceU stage, an irregularly 
shaped germ develops, which has a chorda, nerve-tissue 
and somites. Entodermal derivatives cannot be observed. 
The tissues do not show any topological order and are to be 
found among ceils, which remained undifferentiated. 
Germs, developing without yolk from the 64-cell stage on, 
grow for about 50 h without retardation into almost normal 
embryos. After 70 h a further development cannot be 
observed; 30-40 h later the germs dissolve. 
If only half the yolk is removed from the 64-cell stage, for 
150-200 h the egg develops without retardation into an 
embryo whose trunk-tail-region is bound dorsally. The 
head is well developed. But oedema is to be found in all 
tissues. 
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Summary. An inexpensive drinkometer system is described that is compatible with most data acquisition systems and can 
be used for continuously monitoring the drinking pattern of laboratory animals. The change in electrical inductance 
resulting from the descent of a free-floating ferrite unit through a drinking tube, surrounded by a double coil, is converted 
to a signal proportional to the volume of fluid consumed. 

A number of diverse techniques have been devised to 
continuously monitor water consumption. Typically, the 
number of licks has been measured 2'3. However, such 
systems accurately indicate the volume of fluid consumed 
only when the lick volume remains relatively constant. 
Although it has been reported that the volume consumed 
per lick is invariable 4, other studies have noted consider- 
able variation between animals 5. Furthermore, alterations 

in the feeding schedule can affect lick volume 6 and the 
volume per lick has been found to vary by as much as 50- 
70% in individual rats from one day to another during the 
acctuisition of schedule-induced polydipsia in this laborato- 
ryq It is also questionable whether the constancy of lick 
parameters extends to brain-damaged or drug-treated ani- 
mals exhibiting impaired motor coordination or stereotypic 
responses. In addition, those lickometer circuits that are 

Drinking parameters for vagotomized and control rats 

Control (n = 4) Vagotomized (n = 6) 
Parameter Night Day Night Day 

12-h intake (ml) 30.7 + 2.4 2.6 + 0.7 8.8 + 4.2** 8.5 + 4.3* 
Bout size 1.7 + 0.4 1.4 + 1.1 2.4 + 1.7 2.0 + 0.9 
Number of bouts 18.7 +_ 3.2 1.7 + 0.6 5.2 + 3.9** 4.0 _ 1.1 ** 

Note: all values are mean + 1 SD. ** p < 0.01, * p < 0.05; compared to control group with nondirectional Student t-test. 


