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‡	 Insert the capillary through the hole and cross the 
oocyte diameter without applying any pulse (Figure 4: C,D).
‡	 As the opposite side is reached, apply one single piezo 
pulse to puncture the oolemma at the capillary‘s tip, so as 
to make a hole (see Table 2 for setting values). Successful 
penetration of the oolemma is indicated by a rapid 
relaxation of the oolemma (Figure 4: E). 
‡	 CRITICAL STEP Do not apply the piezo impulse until 
the capillary has reached the opposite side. If the piezo 
pulse is applied in the middle of the oocyte, the oocyte will 
lyse and die after injection. 
‡	 Release the sperm head inside the egg. Keep the 
coinjected volume of medium to minimum.
‡	 Withdraw the capillary quickly but gently (Figure 4: G-I).
‡	 Allow the injected oocytes 5-10‘ recovery on the stage 
before returning them into the incubator (see Oocyte 
incubation and embryo culture).
‡	 CRITICAL STEP Do not let the detached sperm heads 
wait too long before injecting them (max. 20‘), as the 
sperm-borne oocyte activation factor (SOAF; [13]) may 
degrade.  
 
Oocyte incubation and embryo culture 
‡	 We routinely culture oocytes and embryos in 500 
μL �D-MEM in 4-well plates (Nunc) without oil overlay. 
�D-MEM is supplemented with 0.2 % BSA and 50 mg/
mL Gentamycin. Lack of oil overlay serves the purpose of 
letting ammonia (embryo-toxic) diffuse in the air. 

Embryo transfer
‡	 We usually transfer 2- or 4-cell ICSI embryos to 
oviducts of pseudopregnant female mice (0.5 days post 
copulation [dpc]). 
‡	 CRITICAL STEP Although ICSI embryos are not as fit 
as IVF or in vivo-fertilized embryos, they can yield 60-70 % 
blastocysts. Therefore, do not transfer more than 15  2-cell 
embryos into each recipient female.

‡	 Place about 10-30 oocytes in the HCZB medium in 
the south sector of the micromanipulation chamber. The 
number of oocytes depends on the operator‘s skills. Each 
group should be processed within 15´. 
‡	 Decapitation of sperms: Using the CellTram vario, 
aspirate 100-200 sperms into the capillary while applying 
strong piezo pulses (see Table 2 for setting values). This 
way a substantial share (10-20 %) of the spermatozoa is 
‘decapitated‘, separated into head and midpiece plus tail. 
‡	 Pick a single oocyte with the holding capillary and roll 
it using the ICSI capillary until the MII spindle is at 6 or 12 
o‘clock out of the injection‘s pathway.
‡	 CRITICAL STEP Avoid drilling the zona if the MII 
spindle is underneath. The cytoplasm of the MII spindle is 
harder than the rest of the cytoplasm, and if punctured it 
will decrease survival rates after ICSI. 
‡	 Bring a single sperm head to a distance of 20-40 μm 
from the tip of the capillary.  
‡	 Juxtapose the tip of the capillary to the zona pellucida. 
‡	 Apply 2-4 piezo impulses to the zona pellucida so as to 
pierce through it (see Table 2 for setting values), (Figure 4:  
A, B).

Fig. 3: Detailed view of the micromanipulation chamber showing the 
ICSI capillary on the left and the holding capillary on the right.

Holding capillaryICSI capillary

Micromanipulation chamber
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Fig. 4: Sequence of events during ICSI of one mouse oocyte. A, B: capillary drills the zona pellucida; C, D: capillary penetrates through the zona 
pellucida and crosses the oocyte diameter; E: rupture of the oolemma; F: injection of a single sperm head; G-I: retraction of the capillary
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 Results and Discussion

According to Ergenc and colleagues [14], methods or 
devices developed for mouse ICSI should accomplish 
specific goals: 1) easily separate the sperm head from the 
tail; 2) enable the ICSI capillary to efficiently pierce and 
penetrate the zona pellucida and oolemma; 3) facilitate 
injection of the sperm head without damage to the ovum. 
During the testing period of the PiezoXPert in our lab, a total 
of 243 mouse oocytes were subjected to ICSI, using the 
PiezoXpert in combination with CellTram vario and mercury-
filled microcapillaries in the time period from September 
2010 to February 2011.
Although the maximum concentration of mercury allowed 
in drinking water is 2 ppb (parts per billion), and mercury’s 
solubility under standard temperature and pressure is about 
60 ppb [15], it should be considered that the dissolution rate 
is extremely slow. In the ICSI medium, which is an aqueous 
solution, it would take 10-20 hours for a droplet of mercury 
to release a small portion in the solution to detectable levels, 
while ICSI takes only 1-2 hours.
In the present study, we compared the PiezoXpert results 
with those obtained in our routine application of the PMM 
in the same time period. Under the experimental conditions 
(Table 2), survival rates after microinjection with PiezoXpert 
were comparable to those afforded by the PMM. 

Mouse development after ICSI with PiezoXpert was 
successful: The fertilized mouse oocytes developed to 
blastocysts in vitro, and to full-term in vivo (Table 3). Sixty 
embryos produced with PiezoXpert were transferred to the 
genital tract of 3 pseudopregnant recipients, 2 of which 
became pregnant and delivered 8 pups (Figure 1).Although 
it is difficult and premature to compare developmental rates 
across different piezo systems, some differences were 
apparent. We noted that the microinjection capillary driven 
by the PiezoXpert had lower extent of lateral oscillation 
than the PMM, as judged from the ‘jumping’ movement 
of the oocytes during drilling. Overall, we found that the 
PiezoXpert was easier to use, and had higher drilling 
efficiency than the PMM. At present there is little clarity 
as to the mode of action of piezo-driven microcapillaries, 
as well as to the contribution of the mercury filled to the 
outcome. The way the piezo-driven capillary pierces 
through the zona pellucida and makes a hole in the 
oolemma may be due to the pressure burst, which is 
caused by the abrupt axial motion of the mercury column. 
However, evidence from high-speed camera imaging (1000 
fps) also points out the occurrence of lateral tip oscillations 
of the capillary when piezo impulses are applied [16], [17]. 
The addition of mercury in the capillary is intended to 
suppress the undesired lateral oscillations to improve the 
drilling efficiency [14]. We assume that the reduction of 
lateral oscillations may explain why the efficiency of zona 
drilling of the PiezoXpert was superior to the PMM. 
 
In conclusion, while both PMM and PiezoXpert deliver 
satisfactory results in skillful hands, the PiezoXpert proved 
to be easier to use and more efficient at zona piercing and 
oolemma penetration, compared to PMM, probably due 
to a lower extent of lateral oscillations. In particular it will 
have to be clarified whether lateral oscillations are always 
a nuisance or may, under certain circumstances, exert 
also some beneficial effect (e.g. damage of the sperm 
membrane, facilitating release of SOAF [18]).

n 
oocytes

Survival 
rate

Blastocyst 
rate

Full term 
rate

PiezoXpert 243 0,82 0,56 0,13

Table 3: Performance of PiezoXpert at ICSI in the Boiani laboratory

B
Sperm decapi-

tation

Channel A Parameters

26 Intensity

10 Speed

∞ Pulse

A

Zona pellucida Oolemma

Channel A Parameters Channel B

10 Intensity 9

5 Speed 5

∞ Pulse ∞

Table 2: Parameter settings for different applications. A and B show 
different parameter settings for the drilling of zona pellucida and 
oolemma and the decapitation of sperm with the PiezoXpert. Values 
may vary depending on individual laboratory protocols, e.g. condition 
of cells, capillary or tube (injector) filling.
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Ordering information

Product	 Description Order no. 
International

Order no. 
North America

Eppendorf PiezoXpert® Basic device incl. Actuator, Foot control and spacer plate* 5194 000.016 5194000024

TransferMan® NK 2 ** Micromanipulator for suspension cells 5188 000.012 920000011

CellTram® Air ** Manual pressure device for reliable holding of suspended cells 5176 000.017 920002021

CellTram® Oil ** Manual pressure device for reliable holding of suspended cells 5176 000.025 920002030

CellTram® vario ** Manual hydraulic microinjector, with gears 1:1 and 1:10 5176 000.033 920002111

VacuTip™ **   *** 25 glass capillaries for holding large cells (e.g. eggs), sterilized, 
tip angle 35° 5175 108.000 930001015

Piezo Drill Tip  
Mouse ICSI™ 25 glass capillaries for the transfer of mouse sperms, angle 25° 5175 220.005 930001091

Piezo Drill Tip ES™ 25 glass capillaries for the transfer of embryonal stem cells,  
angle 25° 5175 250.001 930001104

Microloader™ Tips for filling microinjection capillaries, set of 2x 96 pcs. 5242 956.003 930001007

Microscope Adapter Adapter for micromainipulators available for different inverse 
microscopes

Available upon 
request

Available upon 
request
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*   For mounting the PiezoXpert onto TransferMan NK 2 or PatchMan NP 2
**  This product is registered in Europe as a medical device (according to Medical Device Directive MDD/93/42/EDD).For 
resarch use only. Not for use in human medical applications. This product is not registered in the U.S. as a medical device 
and does not have a 510(k) registration.
*** Proven non-cytotoxicity by the mouse embryo development test

Fig. 5: The Eppendorf PiezoXpert with Actuator in the front and foot control


