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Abstract 
A new method of growing human embryonic neurons in glass capillary is proposed. Beside the 
simplicity of the method, the main advantages are represented by the possibility to study the in-
teractions between a directional flow of human motile cells (leukocytes, red blood cells, sperm 
cells) and the neuronal monolayer and to evaluate the toxicity on neuronal growth of a copper 
wire or others filiform materials introduced in the glass capillary. The neurotoxicity of copper is 
verified by this device, because copper wire inserted into the capillary interferes with engraft-
ment and growth of neuronal cells. No interference by neuronal monolayer was found with the 
flow of human sperms trough the capillary. Also the flow of leukocytes and erythrocytes occurred 
without agglutination or adhesion to cellular monolayer with serial observation at 30, 60, 120 
minutes. A further advantage of this method is the possibility of withdrawing culture medium mi-
croquantities from capillary in order to study neuronal secretory activity. 
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1. Introduction 
The neuronal monolayer culture can be performed in the traditional plastic flasks, alternatively other culture kits 
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have been used in order to evaluate neuronal migration, apoptosis and response to neurotrophic, chemo-tactical 
factors: 
 Cell Migration Assay: the 96 well assay platform uses stoppers to create a central exclusion zone; cells are 

plated outside the zone and migrate once the stopper is removed. The presence of neurotoxicant, neurotro-
phic or neurokinetic factors in the wells can be comparatively studied, analyzing the migration of neural 
stem cells in the central zone of the well [1]. 

 Neurospheres as Three-Dimensional Cellular Systems [2] (Figure 1). 
Thermo Scientific Chamber Slides: the chamber slides simplify imaging analysis and cytostaining process. 

The multi-chamber kit allows for parallel studies of multiple conditions and stimuli required by many applica-
tions [3]. 

A new method of neuronal culture in glass capillary is proposed, whose advantages are represented by: 
 Simplicity; 
 possibility of promoting neuronal growth which physiologically occurs along columns rather than in radial 

direction; 
 small irregularities of the glass surface such as grooves and ridges can affect the direction of axonal growth 

when the structures are of micron sizes [4]; the presence of small bumps in a capillary tube can further pro-
mote the growth in the direction of the length of the tube, making it more evident factors stimulating or in-
terfering with growth and migration; 

 introducing a copper wire or other metal filiform materials in the glass capillary, it is possible to evaluate the 
toxicity on neuronal growth; 

 the possibility to assess the interaction between a directional flow of human motile cells (leukocytes, red 
blood cells, sperm cells) through the glass capillary and the neuronal monolayer; 

 the possibility to collect microquantity of liquid from the capillary for biochemical assay. 

2. Material and Methods 
2.1. Cell Culture in Glass Capillary 
A culture of embryonic neurons derived from human embryos of 7 - 10 weeks was prepared according to the 
procedures used in our laboratory [5]. A confluent neuronal monolayer was treated with mild trypsinization (1 
cc of 0.05% trypsin-EDTA Gibco for 1 min); after washing, neurons detached from the monolayer were sus-
pended in 0.5 cc of Chang Medium (Irvine Scientific), were aspirated into a 1 cc syringe and injected into a 
clean, sterilized glass microhematocrit capillary tube. The capillary was placed in a plastic Petri dishes (Falcon 
35 × 10 mm) with 3 ml Chang medium (Figure 2(A) and Figure 2(B)). 

 

 
Figure 1. Neurosphera: a globular neuronal mass visible in human embryonic 
neuronal culture (personal observation Dr. Stabile).                         
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Figure 2. Neuronal growth in glass capillary tube: observation at phase contrast mi-
croscopy with magnification of 200× (A) and 400× (B) Arrows point to neurons.       

2.2. Culture Preparation in Capillaries with a Copper Wire Inserted (Figure 3) 
The modification compared to the previously described procedure consisted of inserting a copper wire inside the 
glass capillary. 

2.3. Evaluation of Flow of Motile Cells (Sperm, White Blood Cells, Red Blood Cells)  
through Glass Capillary Coated with a Neuronal Monolayer of Neurons 

Human semen of normospermic subjects washed and diluted 1:5 with QUINN’S® Sperm Washing Medium was 
placed in the plastic dish with the capillary coated with a neuronal monolayer. 

Blood samples (3 ml) of three different individuals without hematological diseases were treated with Histo-
paque-1077 (Sigma) to isolate the leukocytes. The final leukocyte pellet was suspended in RPM1 and 0.5 cc of 
the final suspension was injected with insulin syringe in the glass capillary coated with neuronal monolayer. In 
addition 0.5 cc of heparinized whole blood from the same subject, diluted 1:20 with physiological solution, was 
similarly injected with insulin syringe in the glass capillary coated by neuronal monolayer. 

2.4. NSE Biochemical Assay in Medium Culture 
The neurono specific enolase (NSE), the glycolytic enolase isoenzyme, is a specific product of neurons and 
neuroendocrine cells. Its presence in the culture medium is therefore a confirmation of the neuronal cell type and 
can be expression of the secretory activity. The NSE was assayed by ELISA (Enolasi Neurone Specifica ELISA 
Kit, Inter Medical S.r.l. Italy) in both the medium surrounding the capillary and in the liquid inside the capillary 
aspirated with microsyringe. A concentration of NSE of 0.21 μg/l was present in the medium recovered from the 
capillary. 

3. Results 
After a period of 7 days, neuronal growth was observed with phase contrast microscope on the capillary inner 
surface; within 2 weeks, the neuronal coating was almost complete (Figure 4). 

3.1. Test with Copper Wire inside the Capillary 
The absence of engraftment and cell growth, likely due to the neuro-toxicity of copper, was recorded inside 
glass capillaries inserted with copper wire in 3 repeated attempts to set up a neuronal colture (Figure 5). 

3.2. Test with Human Semen Injected into the Capillary 
Phase contrast observation showed the passage of motile sperm through the capillary without adhesion of sperm 
to the monolayer or reduction in sperm motility. The non-interference between the two cell types was confirmed 
repeating 3 times the experiment (Figure 6(a) and Figure 6(b)). 

3.3. Test with Whole Human Blood or Isolated Leukocytes into the Capillary 
The microscopic observation showed the passage of leukocytes and erythrocytes without agglutination or adhe- 
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Figure 3. The capillary tube with a wire copper inserted.       

 

 
Figure 4. Neuronal growth observation after 7 days: an almost 
complete coating neuronal layer is observable on the inner 
surface of the capillary. The circle delimits a growth confluent 
zone.                                                  

 

 
Figure 5. Capillary with the copper wire inside: the copper 
wire is observable on the upper of the microscopic image (ar-
rows); only destroyed cells and no neuronal growth are ob-
served.                                                
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sion to the neuronal monolayer with serial observation at 30, 60, 120 minutes. After 24 hours the red blood cells 
appeared sedimented on the bottom of the capillary without adherence to neuronal monolayer (Figure 7(a) and 
Figure 7(b)). 

4. Discussion 
A toxic role of copper on neuronal growth may be inferred from experiments conducted with neuronal growth in 
glass capillary. There are numerous studies that correlate an increase in blood level of free copper not bound to 
ceruloplasmin with Alzheimer’s Disease (AD) [6]-[8]. Copper takes part in a variety of biological reduction- 
oxidation (redox) processes; ceruloplasmin, the copper-transporting protein, also possesses an important redox 
capacity. AD patients show abnormally high concentration of Cu (2+) in the amyloid β (AB) plaques; the AB: 
copper complexes can catalytically oxidize cholesterol to generate H2O2, oxysterols and other lipid peroxidation 
products that accumulate in brains of AD patients [9]-[11]. In analogy with what was assumed in Alzheimer’s 
disease, the neurotoxic role of copper on neuronal growth may lie in its ability to create superoxide. Copper cy-
totoxicity is already known, because of its use in intrauterine devices for contraception; mechanism of action 
would reside in production of cytotoxic peptides, inhibition of sperm motility and capacitation [12]. 

However, further studies and experiments are necessary in order to confirm the copper neurotoxicity. 
The sperm passage through capillary coated by neuronal monolayer without interference with the sperm mo-

tility confirms what could be theoretically supposed, since the two cell types are not in contact in the living or-
ganism. However, a percentage of glial cells is present in the neuronal monolayer and mesenchimal cells could 
in theory react to foreign antigens (neurons and gametes derive from different subjects); however the exposure 
time is too short to allow any type of immune response. 

 

 
Figure 6. (A) (B) Motile sperm in the capillary: no effect on sperm motility or agglutination by the cellular 
monolayer is observed. Black arrows point to the heads of spermatozoa; blue arrows to neurons.              

 

 
Figure 7. (A) (B) Diluted whole blood in capillary coated by neuronal monolayer at 60 minutes (A) and after 
24 h (B): sedimented erythrocytes interspersed with neurons are observable in (B) Black arrows points to 
white cells and erythrocytes; blue arrows to neurons.                                                
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Also the blood cells do not show interaction with neuronal monolayer although antigenically different; also in 
this case the limited observation time does not allow to exclude a more late immune and cytotoxic reaction. 

5. Conclusion 
In conclusion, the capillary tube coated by human neuronal monolayer has proven to be a simple and versatile 
technical device for the study of neuronal growth and its interfering factors, for the assay of substances produced 
by neuronal mini-factory and finally for the assessment of the interaction between neurons and other cell types 
in suspension. 
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