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STUDY AIM  
 
The aim of the study was to develop an organotypic intestinal or ganglion culture which could be used 
as an in vitro model to investigate whether Clostridium botulinum neurotoxins can induce the enteric 
neuronal pathology that characterises EGS, thereby confirming or refuting the hypothesis that these 
toxins cause EGS. 
 
INTRODUCTION 
 
Clostridium botulinum neurotoxins are currently considered to be the most likely cause of EGS.  
Confirmation of this putative aetiology could be attained by demonstrating that the neurotoxins can 
induce the characteristic neuronal lesions, using either in vivo or in vitro challenge models.  Intestinal 
explant and dissociated cell cultures from humans, rats, guinea pigs and horses have been employed 
successful in a variety of studies (Jessen et al., 1978; Jessen et al., 1983; Nishi & Willard, 1985; 
Hanani, 1993; Schafer et al., 1997; Hudson et al., 2000).  Development and validation of a primary 
organotypic intestinal culture to enable an in vitro system for testing the effect of toxins on the equine 
enteric nervous system is warranted.     
 
MATERIALS AND METHODS 
 
1)  Intestinal Organotypic Culture Experiments 
 
Animals 
 
While the aim of the study was to develop an equine organotypic culture, most of the experimental 
work used sheep intestine.  This was primarily because sheep tissue was more readily available, but 
also because the sheep intestinal wall is thinner and more likely to facilitate exchange of nutrients and 
waste products between the neurons and the medium.  Ovine ileal samples were obtained from healthy 
sheep that were used in other research projects.  Ileum samples were collected from horses that were 
euthanised for reasons unrelated to the GIT.  The rabbit was a healthy adult male used in a teaching 
practical.   
 
HBSS Antibiotic wash 
 
In initial experiments, PBS (phosphate buffered saline, 0.1M, pH7) was used as the wash solution, but 
because of problems with microbial contamination of cultures, this was subsequently replaced by 
Hanks’ balanced salt solution (HBSS) antibiotic wash.  This contained the antibiotics metronidazole 
and gentamicin to reduce bacterial and fungal contamination.  The HBSS antibiotic wash used for the 
sheep and horse organotypic cultures was made up as follows: 500ml HBSS, 2ml gentamicin 
(50mg/ml) and 5ml metronidazole (500mg/100ml).  The pH of the solution was checked using a 
Sartorius AG PB11 reader (Weender Landstrasse, Goettingen, Germany) and adjusted to 7.4 by 
addition of 1M hydrochloric acid or 1M sodium hydroxide.  To check for microbial contamination of 
the HBSS antibiotic wash solution, 1.5ml medium was added to 5ml serum broth and incubated at 
37oC for 24 hours.   
 
Culture medium 
 
The culture medium (in 500ml) used for the sheep and horse organotypic cultures was made up as 
follows: D-glucose 3g, gentamicin 2ml (50mg/ml), 2mM L-glutamine 0.5ml, foetal calf serum 50ml, 
amphotericin 4ml (250µg/ml), metronidazole 5ml (500mg/100ml), penicillin (10,000units/ml) and 
streptomycin 5ml (10mg/ml) and medium 199 made up to500ml (Sigma-Aldrich Ltd, Poole, Dorset).  
The pH of the solution was checked using a Sartorius AG PB11 reader (Weender Landstrasse, 
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Goettingen, Germany) and adjusted to 7.4 using 1M hydrochloric acid or 1M sodium hydroxide.  The 
medium was then sterile filtered through a bottle top filter (50mm x 0.2um, Nalgene, Scientific 
Laboratory Supplies, Wilford Industrial Estate, Nottingham) to ensure it was sterile.  To check for 
microbial contamination of the culture medium, 1.5ml medium was added to 5ml serum broth and 
incubated at 37oC for 24 hours.  When sterile sponges were used, these were soaked in culture medium 
and then warmed to 37oC by placing in a water bath with the medium.   
 
Tissue collection 
 
Sheep were euthanised by captive bolt followed by exsanguination and horses were euthanised with an 
intravenous injection of 400mg/ml secobarbital sodium [quinalbarbitone] and 25mg/kg cinchocaine 
hydrochloride (Somulose®, Dechra Veterinary Products, Harlescott, Shropshire).  An 8cm length of 
terminal ileum was removed and the lumen rinsed through with warm (37oC) HBSS antibiotic wash 
until the fluid ran clear.  HBSS antibiotic wash was poured onto the sterile cork board used for 
dissection.  Fat and adventitious tissue on the serosal surface was gently removed using a scalpel and 
then 1.5cm of ileum was cut off from either end as these may have been damaged whilst rinsing.  
Sterile blunt ended scissors were used to cut horizontally along the mesenteric border and the section 
was pinned out onto the cork board, mucosa upwards, using sterile needles.  The lumen was further 
rinsed with warm (37oC) HBSS antibiotic wash until clear.  Dissection followed, using either a double 
bladed knife (1 x 10mm strip) to obtain a 1mm thin transverse section (i.e. cross-sectional sample), or 
skin biopsy punches (6mm diameter, product code 140675, Scientific Laboratory Supplies), and the 
samples were put into HBSS antibiotic wash.  One sample was placed in formalin to be used as a 
baseline control with which to compare the histological appearance of the intestine and the enteric 
neurons.    
 
Tissue processing 
 
Samples were taken to the sterile hood in the laboratory, the HBSS antibiotic wash was gently 
removed using a sterile pipette and fresh HBSS antibiotic wash solution added.  The samples were 
gently shaken by tilting the container.  The whole process was repeated twice.  The six well plates 
(Nunc 6 well multidish, product code: 140675, Scientific Laboratory Supplies) were filled with 3ml of 
warmed (37oC) culture medium.  Sterile forceps were used to place a sample in each well and a further 
4ml of culture medium was added to each well.  The plates were removed from the hood and put into a 
humidified incubator on a rocker (agitated at 40 times/min) at 37oC with an atmosphere of 95% O2 and 
5% CO2.  
 
Sheep experiment one; comparison of cultures using full thickness ileal punch biopsy samples and full 
thickness ileal transverse slices 
 
As the ileal wall is thinner in sheep than in horses, sheep intestine was used in initial studies.  The first 
experiment compared two methods of collecting full thickness samples of the ileum, namely a punch 
biopsy technique and a transverse 1mm slice technique.  It was hypothesised that the punch biopsy 
would be easier to collect and result in less iatrogenic tissue damage, while the slice would be thinner 
and consequently provide better exchange of nutrients and waste products.  For collection of both 
samples, the washed ileum was opened longitudinally and pinned onto a cork board with the mucosa 
upwards.  The punch biopsy was collected using a 6mm diameter skin biopsy punch (product code 
0267 NP, William H Neeshams & Associates, 5 Cumberhills Road, Duffield, Derbyshire), taking care 
to rotate the punch while exerting downward pressure on the mucosal side of the opened ileum.  The 
1mm slice was collected using a number 22 blade as described by Hudson (2002).  This yielded a 
transverse slice approximately 1mm by 10mm.  Care was taken to exert appropriate vertical and 
horizontal forces such that the scalpel blades cut rather than tore the tissue.   

• One full thickness ileal punch biopsy and one full thickness transverse slice (1mm by 10mm) 
were collected and placed into formalin as baseline controls.   

• Five punch biopsies and five slices were collected for tissue culture.  
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• All punch biopsies and slices were washed in HBSS antibiotic wash as previously described 
(3.6.4 Tissue processing), placed in 4ml of warmed (37oC) media and cultured at 37oC in an 
atmosphere of 95% O2 and 5% CO2.   

• Punch biopsies and slices were cultured for different time intervals: 2, 4, 6, 8, 12 and 24 hours.  
They were then removed, placed in formalin, paraffin wax embedded, sectioned at 4µm 
thickness and the slides processed and stained with haematoxylin and eosin (H&E).  The 
culture medium was not changed during the experiment.  

 
Sheep experiment two; comparison of cultures using full thickness ileal punch biopsies, with and 
without prior removal of the mucosa  
 
Mucosal shedding is a well recognised problem of intestinal cell culture which occurs particularly in 
the first 1-2 hours of culture (Nietfeld et al., 1991).  This experiment determined whether removal of 
the majority of the mucosa prior to culture would improve survival of cultured cells, and in particular 
that of the enteric neurons.  It was the hypothesised that removal of the mucosa would reduce the 
number of cells in the culture and remove microbes which were adhered to the mucosa.  

• Two sections (approximately 5cm in length) of ileum were dissected.   
• One section was processed as described previously (3.6.4 Tissue Collection and 3.6.5 Tissue 

processing) and five punch biopsies (6mm) were collected. 
• One sample was fixed in formalin to be used as a baseline control and the others were cultured 

at 37oC in an atmosphere of 95% O2 and 5% CO2 for 24, 48 and 72 hours.  The culture medium 
was changed every 12 hours.   

• The second section of ileum had the mucosa gently removed by scraping with a scalpel and the 
remainder of the ileal sample was processed as previously described (3.6.4 Tissue Collection 
and 3.6.5 Tissue processing). 

• After removal of the mucosa, five punch biopsies were collected: one as a baseline control and 
the others for culturing at 37oC in an atmosphere of 95% O2 and 5% CO2 for 24, 48 and 72 
hours.  The culture medium was changed every 12 hours.     

 
Horse experiment one; comparison of punch biopsies with or without placement on sterile sponge 
platforms 
 
Sterile collagen, gelatin or surgical sponges have been used as platforms for culturing biopsies in 
several studies, to improve health of cultures and prolong the survival time of cultures (Nietfeld et al., 
1991; Zhu et al., 1995; Baehler & Moxley, 2000; Rosellini et al., 2007a & 2007b).  This study 
evaluated a sterile sponge as the culture platform.  

• One full thickness ileal punch biopsy (6mm) was collected at post-mortem and placed into 
formalin as a baseline control.   

• Four punch biopsies were collected as described previously (3.6.4 Tissue Collection) and 
rinsed in HBSS antibiotic wash (3.6.5 Tissue processing).   

• For this experiment, the HBSS antibiotic wash solution had not been pH tested because the 
manufacturer stated that a colour change would be observed if the pH altered.  

• One biopsy was placed in culture medium (7ml) and incubated at 37oC in an atmosphere of 
95% O2 and 5% CO2 for 24 hours.   

• A second biopsy was placed on a culture medium soaked sponge in 7ml media and cultured in 
an incubator at 37oC in an atmosphere of 95% O2 and 5% CO2 for 24 hours.   

• A third biopsy was cultured in culture medium (7ml) for 48 hours. 
• A fourth biopsy was placed on a culture medium soaked sponge in 7ml culture medium and 

cultured for 48 hours.  
• In this experiment culture medium was changed every 12 hours. 
• Tissues were then placed in formalin, paraffin wax embedded and stained with H&E.    
 
 
 

Horse experiment two; comparison of culturing punch biopsies with or without agitation and with and 
without placement on sterile sponge platforms  
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The agitation of explant cultures has improved the viability and survival of epithelial cells from young 
pigs (Nietfeld et al., 1991).  This experiment assessed whether it could improve the viability and 
survival of cells in the equine ileal punch biopsies.  

• Full thickness equine ileal punch (6mm) biopsies were collected as described above and 
washed in HBSS antibiotic as previously described (Tissue processing). 

• One biopsy was placed into formalin as a baseline control.   
• Four punch biopsies were placed in four different wells with culture medium (7ml) and 

incubated at 37oC on an agitator (Type VXR-S17, IKA-Vibrax-VXR, IKA, D-79219 Staufen, 
Germany) at 40rpm. 

• A further four punch biopsies were placed in four different wells on culture medium soaked 
sterile sponges and incubated at 37oC on an agitator at 40rpm.   

• A further four punch biopsies were placed in culture medium (7ml) and incubated at 37oC.   
• The final four were incubated at 37oC on culture medium soaked sterile sponges.   
• All samples were cultured for either 24 or 48 hours with culture medium being changed every 

12 hours. Samples were then placed in formalin, paraffin wax embedded and stained with 
H&E.    

 
Rabbit experiment; to assess viability and survival of enteric neurons in intestinal strips maintained in 
an organ bath  
 
The rabbit study was included to assess the viability and survival of intestinal strips which were being 
maintained in an organ bath as part of a student teaching experiment.  It was hypothesised that the 
oxygen bubbling into the bath and the constant circulation of fluid through the bath during the culture 
period would improve viability of neurons.  The rabbit was euthanised by barbiturate overdose and the 
ileum immediately harvested and placed in warmed Kreb’s ringer solution.  The ileum was cut into 
sections of approximately 20cm length.  Using a syringe, the ileum was flushed with warm Kreb’s 
(37oC) ringer solution to remove intestinal contents and lavage the lumen.  The sections of ileum were 
then placed in a clean bath of Kreb’s ringer solution.  The ileum was then cut into 2cm long section.  
The first 2cm segment of ileum was pinned out on a cork board and three 6mm punch biopsies were 
collected and placed in formalin to act as a baseline control.  The second 2cm segment of ileum was 
suspended under tension in an organ bath (35ml). Tyrode Ringer solution (TRS) was used to keep the 
tissue healthy and 95%O2 and 5% CO2 was bubbled through the bath throughout the experiment.  The 
tension transducer (Washington type D strain gauge, Washington Ltd, Kent, UK) recorded isometric 
muscle contraction for 1 hour 58 minutes.  The ileum was then taken out of the apparatus and pinned 
on a cork board and three 6mm punch biopsies were collected and placed in formalin.  Samples were 
paraffin wax embedded, slides processed and stained with H&E. 
 
2)  Equine Cranial Cervical Ganglion Culture Experiments 
 
Horses and tissue collection 
 
The animals used in this study were being euthanised for old age, lameness or behavioural reasons, but 
other wise were in good general health.  They were a 17 year old thoroughbred cross mare, a 14 year 
old thoroughbred cross gelding, a 14 year old thoroughbred cross mare and a 7 year old Icelandic 
mare. All horses were euthanised with an intravenous injection of 400mg/ml secobarbital sodium 
[quinalbarbitone] and 25mg/kg cinchocaine hydrochloride (Somulose®, Dechra Veterinary Products, 
Harlescott, Shropshire).  Cranial cervical ganglia (CCG) were collected from horses as previously 
described (Milne 1991; Lyle and Pirie, 2009) within 1 hour of death.  Fat and adventitious tissue was 
removed from around the ganglion using a scalpel.  Ganglions were placed in chilled slicing buffer for 
transport.     
 
 
Slicing buffer  
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Gey’s balanced salt solution (GBSS) (Sigma1 G9779) with the glutamate receptor antagonist 
kynurenic acid (1mM) (GBSSK) (Sigma1 K3375) was used as the transport and slicing buffer.  The pH 
of the solution was checked using a Satorius2 AG PB11 reader and adjusted to 7.2 by addition of 1M 
hydrochloric acid or 1M sodium hydroxide.  To check for microbial contamination of the slicing 
buffer, 1.5ml of buffer was added to 5ml nutrient broth and incubated at 37oC for 24 hours prior to use 
of buffer.   
 
Culture medium 
 
The culture medium (in 500ml) used for experiments one and two was made up as follows:  D-glucose 
(6.5mg/ml) (Sigma1 G6152) 3.25g, penicillin (10,000 units/ml) and streptomycin (1%, 10mg/ml) 
(Sigma1 P4333) 5ml, horse serum (Sigma1 H1138) 125ml and Minimal Essential Medium (MEM) 
(Invitrogen Ltd.3 42360024) 375ml. The pH of the solution was checked using a Satorius2 AG PB11 
reader and adjusted to 7.2 by addition of 1M hydrochloric acid or 1M sodium hydroxide.  A Nalgene 
bottle top filter (50mm x 0.2µm) (SLS4 FIL8154) was used to sterile filter the medium.  To check for 
microbial contamination, 1.5ml of medium was added to 5ml serum broth and incubated at 37oC for 
24 hours prior to use of medium.    
 
The culture medium used for studies 3 and 4 was made up as follows: D-Glucose (6.5mg/ml) (Sigma1 

G6152) 0.52g, penicillin (10,000 units/ml) and streptomycin (1%, 10mg/ml) (Sigma1 P4333) 800µl 
and MEM 30ml. The pH of the solution was checked using a Satorius2 AG PB11 reader and adjusted 
to 7.2 by addition of 1M hydrochloric acid or 1M sodium hydroxide.  Syringe filters (Minisart® MNL, 
pore size 0.2µm, SLS4, FIL 6574) were used to sterile filter the medium.  To check for microbial 
contamination, 0.5ml of medium was added to 5ml serum broth and incubated at 37oC for 24 hours 
prior to use of medium. Normal horse serum and serum (CN2132, 2 year old, Irish sport horse gelding 
(experiment 3), CN08/679, 8 year old, coloured cob x TB mare (experiment 4)) from an acute grass 
sickness (AGS) case was added for culture as follows:  3.8ml of above media was added to 1.25ml of 
either AGS serum or normal horse serum in two separate vessels. 
 
Agarose 
 
The agarose was made up of slicing buffer 50ml and low melt agarose (Sigma1 A2576) 0.5g.  The 
sterile vessel containing the agarose and buffer had its top loosened and was placed in a microwave set 
on high for 30 seconds. The vessel was removed from the microwave swirled around and then 
replaced in the microwave for another 30 seconds.  This programme was repeated until the agarose 
had gone clear and small bubbles were showing at the top.  It was not allowed to boil.  The vessel was 
then placed in a 37oC water bath until ready for use.   
 
Tissue processing 
 
Ganglia were transported in two ways; 1) in agarose within an agar plate on ice or 2) in slicing buffer 
on ice.  Distance transported was 10 minutes drive by car.  A Krumdieck tissue slicer (Alabama 
Research Development5, MD4000) was set up to cut sections at 600µm (1.8 thickness) with slow cycle 
speed (10).  Chilled slicing buffer (1L) was put into the Krumdieck tissue slicer before commencement 
of slicing.  Slices were collected and placed in a sterile vessel containing culture medium. They were 
transported (10 minutes) at room temperature back to the hood in the laboratory.  Media at 37oC was 
used to wash the slices a total of 3 times.  Media (1.1ml) was then placed in each well of a 6 well plate 
(SLS4 140675). Millicell organotypic inserts (Millipore UK Ltd.6 PICMORG50) were placed in each 
well with sterile forceps, care was taken not to get any air bubbles trapped under the inserts.  Three 
slices were placed onto each insert membrane by use of a sterile pipette and any excess washing media 
was gently taken off the membrane, since another study found that it was important for the sample not 
to be sitting in excess media above the membrane because less oxygen would circulate (Stoppini et al., 
1991).  The plates were removed from the hood and put into a humidified incubator at 37oC with an 
atmosphere of 95% O2 and 5% CO2.  
 
Lectin histochemistry 



 6 

 
A lectin, wheat germ agglutinin (WGA, Sigma1 L5142, also called Triticum vulgaris) was conjugated 
to horseradish peroxidase and used at concentrations of 2, 10 or 20ug/ml in phosphate-buffered saline, 
pH 7.3 containing 0.1 mM-CaCl2, 0.1 mM-MgCl2, and 0.1mM-MnCl2 and were stained and incubated 
as previously described (Streit and Krutzberg 1987; Griffiths et al., 1993).   
 
Horse cranial cervical ganglia culture experiment 1  
 
The slicing of cranial cervical ganglia (CCG) from horses had not before been attempted using the 
Krumdieck tissue slicer and it was not known how much, if any, damage to neurons may be 
experienced by this technique.  The medium used had been successful in the organotypic culture of 
nervous tissue from rat neonates (Stoppini et al., 1991), but had not been used for ganglia from mature 
equines.  Both these parameters needed testing in order to proceed to culture challenges.  Slicing 
buffer, agarose and culture medium were made up as previously described (Slicing buffer, Agarose, 
Culture medium).  The ganglia were taken from the horse into the laboratory where they were placed 
in agarose and moved around to rid them of excess moisture, they were then placed in an agar plate 
with agarose completely surrounding them and were immediately put on ice to encourage the agarose 
to harden.  The ganglia were then transported as previously described (Tissue processing). A scalpel 
was used to cut around the ganglia so it was in a block of agarose; the ganglia were then cut vertically 
in half and placed with the cut downwards (Figure 1 A and B).  A 6mm diameter skin biopsy punch 
(William H Neeshams & Associates7 0267 NP) was used to cut the agarose around the ganglia, since 
this was the size of the chamber in the Krumdieck tissue slicer in which the ganglia was placed.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Figure 1: A; Placement of ganglia showing vertical slice. B; Half of the ganglia with agarose around it 
showing direction of skin biopsy punch.    
 
Slices of 600µm were harvested, transported back to the hood in the laboratory, washed and placed on 
organotypic inserts above medium in 6 well plates and deposited into an incubator as previously 
described (Tissue processing).  Slices were cultured for different time intervals 2, 4, 20, 24, 44, 48, 
and 72 hours culture. They were then removed, placed in formalin, paraffin wax embedded, and the 
slides processed and stained with haematoxylin and eosin. A sample of ganglia after slicing but before 
culture was put into formalin.  The culture medium was not changed during the 3 day experiment.     
 
Horse cranial cervical ganglia culture experiment 2 
 
To improve slicing technique and increase length of time neurons remained healthy the following 
changes were made in experiment 2:  1) the agarose step was left out, so ganglia were cut in half and 
placed in the channel of the Krumdieck tissue slicer on their own without agarose; 2) culture medium 
was changed more frequently during the culture period (at 45 and 96 hours); 3) Slices were cultured 
for different time intervals 4, 24, 45 and 72 hours. They were then removed, placed in formalin, 
paraffin wax embedded, and the slides processed and stained with haematoxylin and eosin.  
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Horse cranial cervical ganglia culture experiment 3 
 
Experiment 3 was a serum challenge for the neurons within the ganglia.  The slicing technique was the 
same as experiment 2.  The return transport and washing media contained no serum, but contained 
everything else from the previous experiments. Media (1.1ml) with either AGS serum or normal horse 
serum was added to plates in the 6 well plate, filters applied, slices transferred from washing media via 
a 5ml sterile pipette (VWR International8, code 612-1685) (Figure 2) and incubation occurred as 
previously described (Culture Medium and Tissue processing). Slices were cultured for different time 
intervals 2, 4, 6, 8, 10, 24, 48, 72 and 96 hours. They were then removed, placed in formalin, paraffin 
wax embedded, and the slides processed and stained with haematoxylin and eosin.  
 

      
A                                                           B 
 

 
C 
Figure 2:   Cranial Cervical Ganglia slices on filters in culture medium; A) with AGS serum in media; 
B) with normal horse serum in media; C) close up of slice.  
 
Horse cranial cervical ganglia culture experiment 4 
 
Experiment 3 was a serum challenge for the neurons within the ganglia.  The slicing technique was the 
same as experiment 2.  The return transport and washing media contained no serum, but contained 
everything else from the previous experiments. Media (1.1ml) with either AGS serum or normal horse 
serum was added to plates in the 6 well plate, filters applied, and incubation occurred as previously 
described (Culture Medium and Tissue processing). Slices were cultured for different time intervals 2, 
4 and 24 hours. They were then removed, placed in formalin, paraffin wax embedded, and the slides 
processed and stained with haematoxylin and eosin. Further slides were stained with WGA (Sigma1 
L5142). 
 
RESULTS 
 
1)  Intestinal Organotypic Culture Experiments 
 
Microbial contamination was evident in several of the early, pilot organotypic cultures.  This was most 
commonly evidenced by the presence of bacteria on microscopic examination of H&E sections (Figure 
18).  Bacteria of different shapes (rods and cocci) and sizes were present in localised areas of sections, 
or present throughout sections.  Putrefaction of samples, with formation of gas bubbles, turbidity of 
the medium, alterations in colour of the medium indicative of pH change, and malodour of the 
medium was recognised on two occasions.  Samples undergoing putrefaction were discarded.  This 
observation prompted more thorough flushing of the intestinal segments in antibiotic wash solution 
prior to sampling; this reduced the occurrence of this problem. 
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Sheep experiment one; comparison of cultures using full thickness ileal punch biopsy samples and full 
thickness ileal transverse slices  
 

Tables 1 and 2 show the results of H&E staining of organotypic cultures. The morphology of enteric 
neurons was better preserved in the cultured punch biopsies than in the transverse slices (Tables 1 and 
2).  The punch biopsy cultures retained the complete thickness of the ileum, while some parts of the 
intestine were missing from the slices.  Most of the mucosa had sloughed off both types of sample, 
resulting in a visible turbidity on the bottom of the culture medium.  A few normal neurons were 
apparent in the SMP and MP (Figure 3) of samples cultured for up to 8 hours, with a rapid 
deterioration in SMP and MP neuronal morphology noted after this time.  Neuronal degeneration 
(Figure 4) was evidenced by chromatolysis, pyknosis, necrosis and eccentric nuclei.  The structure of 
the muscle layers also appeared to become more distorted after 6 hours of culture.    
 

 
Figure 3:  Neurons with normal morphology in the MP of sheep ileum after 4 hours culture. H&E x 
60, marker is 20µm.  Arrows highlight normal looking neurons. 
 

 
Figure 4:  Neuronal degeneration in the MP of sheep ileum after 6 hours culture. H&E x 60, marker is 
20µm.  Arrows highlight abnormal looking neurons. 
 
 
 
 
 
 

Table 1:  Cultures of sheep ileal punch biopsies and transverse thin slices at 2, 4 and 6 hours 
 

Description Punch Slice at Punch at Slice at Punch Slice at 



 9 

at 2h 2h 4h 4h at 6h 6h 
Loss of mucosal epithelium 
structure 

* * * * * * 

Villi visible but structure 
distorted 

* * * * * * 

RBC visible in mucosa  *     
Few normal neurons in SMP 
but in others chromatolysis and 
pyknosis was evident 

* * 
 

* * * * 

Eccentric nuclei present in SMP  *  *   
RBC in SMP  * * * * * 
Some normal neurons in MP 
but also evidence of 
chromatolysis and pyknosis in 
others 

* 
 

 * *   

No normal neurons in MP     * * 
RBC in MP *    *  
Greater proportion of normal 
neurons in MP, when compared 
to SMP (slice), but again some 
evidence of chromatolysis in 
others 

 *     

Normal structure of muscle 
layers 

*  *    

Structure of muscle layers 
distorted 

 *  * * * 

RBC present in muscle layers  *     
NB: RBC = red blood cells 

 
Table 2:  Cultures of sheep ileal punch biopsies and transverse thin slices at 8, 12 and 24 hours 

 
Description Punch 

at 8h 
Slice at 

8h 
Punch at 

12h 
Slice at 

12h 
Punch at 

24h 
Slice at 

24h 
Loss of mucosal epithelium 
structure 

* * * * * * 

Villi visible but structure 
distorted 

*      

Few normal neurons in SMP 
but in others chromatolysis and 
pyknosis was evident  

* *     

No normal neurons in SMP   * * * * 
RBC in SMP  * *  * * 
Some normal neurons in MP 
but also evidence of 
chromatolysis and pyknosis in 
others 

*      

Bacteria Gram negative rods 
and cocci in MP 

    * * 

No normal neurons in MP  * * * * * 
RBC in MP * * * * * * 
Structure of muscle layers 
looked distorted 

* * * * * * 

NB: RBC = red blood cells 
 
 
 
 
 
 
Sheep experiment two; comparison of cultures using full thickness ileal punch biopsies, with and 
without prior removal of the mucosa  
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The morphology of the neurons deteriorated progressively with increased duration of culture (Table 
3).  The mucosa was lost from all full thickness samples during culture.  Removal of the mucosa had 
no appreciable effect on the morphology of enteric neurons.  Bacterial contamination was evident in 
some samples (Figure 5). 

 

 

 

 

 

 

 

 

 

 

 
 
Figure 5:  Gram negative cocci (arrows) in myenteric plexus of sheep ileum. 
H&E x 60, marker is 20µm. 
 
Table 3:  Cultures of sheep ileal punch biopsies with (M+) and without (M-) mucosa, at 24, 48 and 72 

hours 
 

Description Biopsy M+ 
at 24h 

Biopsy 
M- at 24h 

Biopsy M+ 
at 48h 

Biopsy 
M- at 48h 

Biopsy M+ 
at 72h 

Biopsy 
M- at 72h 

Loss of mucosal epithelium 
structure 

* *  * * * * 

Few normal neurons in 
SMP but in others 
chromatolysis and pyknosis 
was evident  

* * *    

No normal neurons in SMP    * * * 
RBC in SMP *      
Few normal neurons in 
MP.  Evidence of 
chromatolysis and pyknosis 
in others 

*      

No normal neurons in MP  * * * * * 
Bacteria, Gram negative 
rods and cocci in MP 

*    *  

Structure of muscle layers 
looked distorted 

* * * * * * 

NB: RBC = red blood cells 
 
Horse experiment one; comparison of culturing punch biopsies with or without placement on sterile 
sponge platforms  
 

Neuronal morphology was poor in all slides and no appreciable difference was noted between the 
samples placed on sterile sponge soaked in culture medium and those samples which were free 
floating in the culture medium (Table 4).  The pH of the HBSS antibiotic wash was subsequently 
found to be more acidic (pH 6.9) than previously thought so this may have had a detrimental effect of 
neuronal morphology.   

Table 4:  Cultures of equine ileal punch biopsies with and without placement on sterile sponge 
platforms, at 24 and 48 hours 
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Description Biopsy  at 
24h 

Biopsy  
+sponge at 

24h 

Biopsy at 
48h 

Biopsy 
+sponge 
at 48h 

Loss of mucosal epithelium 
structure 

* * * * 

Villi visible but structure 
distorted 

 *  * 

Few normal neurons in SMP, 
most with chromatolysis and 
blurring of basophilic structures  

 *  * 

No neurons in SMP *  *  
RBC in SMP  *  * 
Few normal neurons in MP, 
evidence of chromatolysis in 
most 

 *   

No neurons in MP *  * * 
RBC in MP    * 
Structure of muscle layers 
looked normal 

 *   

Structure of muscle layers 
looked distorted 

*  * * 

NB: RBC = red blood cells 
 
Horse experiment two; comparison of culturing punch biopsies with or without agitation, and with and 
without placement on sterile sponge platforms  
 
The morphology of neurons was poor in all samples (Tables 5 and 6).  There was little apparent 
difference in morphology of neurons in biopsies with and without placement on sterile sponge 
platforms.  Agitation of samples did however appear to slightly improve the morphology of the 
neurons and other cells (Tables 5 and 6).  Neuronal morphology progressively deteriorated as the 
culture time lengthened.   

 
Table 5:  Cultures of equine ileal punch biopsies with and without support of sterile sponge, and with 

or without agitation (24 and 48 hours) 
 

Description Agitation 
+ sponge 

at 24h 

Sponge 
– agitation 

at 24h 

Agitation 
+ sponge 

at 48h 

Sponge 
- agitation 

at 48h 
Loss of mucosal epithelium 
structure 

* * * * 

Few neurons in SMP most 
with chromatolysis  

*    

No neurons in SMP  * * * 
No neurons in MP * * * * 
Structure of muscle layers 
looked distorted 

* * * * 

 

Table 6:  Cultures of equine ileal punch biopsies, with and without support of sterile sponges, and with 
or without agitation (24 and 48 hours) 

 

Description Agitation 
- sponge 
at 24h 

- Sponge 
- agitation 

at 24h 

Agitation 
- sponge 
at 48h 

- Sponge 
- agitation 

at 48h 
Loss of mucosal epithelium structure * * * * 
Few neurons in SMP most with 
chromatolysis 

*  *  

No neurons in SMP   *  * 
No neurons in MP * * * * 
Structure of muscle layers distorted * * * * 

 
Rabbit experiment; to assess viability and survival of enteric neurons in intestinal strips maintained in 
vitro 
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Baseline control slide (before maintenance in vitro)  
 
The intestinal epithelium and villi were intact and well defined (Figure 6).  SMP neurons had normal 
morphology.  There were red blood cells in the SMP.  MP neurons had normal morphology.  Table 7 
shows a comparison of the biopsies before and after maintenance in vitro.   
 

Table 7: Comparison of neurons before and after maintenance in vitro  
Description Rabbit ileum 

baseline 
Rabbit ileum post 

culture 
Mucosal epithelium and villi intact *  
Loss of mucosal epithelium structure  * 
Villi visible but structure distorted  * 
Healthy neurons in SMP with clearly defined 
nuclei  

*  

Few normal neurons within SMP, most with 
chromatolysis and blurring of basophilic 
structures was evident 

 * 

Eccentric nuclei present in SMP  * 
RBC in SMP * * 
Healthy neurons in MP with clearly defined 
nuclei 

*  

Some normal neurons in MP but also evidence 
of chromatolysis in others 

 * 

Structure of muscle layers normal *  
Structure of muscle layers distorted  * 
RBC present in muscle layers *  

NB: RBC = red blood cells 
 

 
Figure 6:  Baseline control slide showing intact intestinal epithelium. H&E x 40, marker is 20µm. 
 
Rabbit ileum after maintenance in vitro for 1 hour and 58 minutes  
 
At this time point, the mucosa did not appear healthy, was not sharply demarcated as in the baseline 
control sample, and much of it had sloughed off (Figure 7).  Four groups of neurons were identified in 
the SMP and MP.  Some of the neurons had normal morphology, but others showed chromatolysis.  
Several neurons had eccentric nuclei and in others the nucleus and cytoplasm had merged giving a 
fuzzy appearance to the whole cell.   
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Figure 7:  Rabbit ileum after maintenance in vitro for 1 hour 58 minutes, showing poor definition of 
mucosa.  H&E x 40, marker is 20µm. 
 
Isometric muscle contraction  
 
The magnitude and frequency of muscle contraction did not fluctuate significantly during the 1 hour 
58 minutes duration of the experiment.  
 
2)  Equine Cranial Cervical Ganglion Culture Experiments 
 
Horse cranial cervical ganglia culture experiment 1  
 
The slides assessed were stained with haematoxylin and eosin. The slicing technique using the 
Krumdieck tissue slicer was not seen to be damaging the neurons.  The neurons looked healthy prior to 
and at 24 hours culture. At 48 hours some of the neurons had eccentric nuclei, a few were pyknotic 
and some had chromatolysis.  There were also one or two neurons that looked normal at 48 hours 
culture. At 72 hours most neurons were pyknotic and had chromatolysis. 
 
Horse cranial cervical ganglia culture experiment 2 
 
The slides assessed were stained with haematoxylin and eosin. The morphology of the neurons were 
the same as experiment one at the given time points.  There were two differences with experiment 2: a) 
the slices were seen to be more ragged around the edges and it was thought that the blade in the tissue 
slicer may need changing more frequently; b) The agarose step in the protocol was left out as this did 
not seem to be of much benefit in keeping the ganglia supported in the tissue slicer’s chamber.  As 
agarose was used in experiment one but not in experiment two and the morphology of neurons was 
similar in both experiments then it was assumed that the agarose step in experiment one had not 
adversely affected the morphology of the neurons.   
 
Horse cranial cervical ganglia culture experiment 3 
 
The slides assessed were stained with haematoxylin and eosin. Cultures at four, eight and 24 hours 
were assessed.  The morphology of the neurons looked to be slightly poorer in the slices cultured from 
media containing serum from an acute grass sickness case. The difference was slight and the observers 
felt that there might not be enough difference if the observer was blinded.  It was decided to try and 
stain with a different stain (wheat germ agglutinin) to ascertain if assessment of degeneration of 
neurons could be more easily graded as described in a previous study (Griffiths et al., 1993). 
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Horse cranial cervical ganglia culture experiment 4  
 
The slides assessed were stained with haematoxylin and eosin.  The conclusions were the same as 
experiment 3.  We wanted to see if we could use the wheat germ agglutinin staining technique to get 
some way of quantifying the number of neurons in the cultures.  We stained an acute GS cranial 
cervical ganglion and also one from a control horse.  In the acute GS case some of the golgi structures 
are stained in some of the neurons but there were some neurons with no staining.  The ones with no 
staining are the ones showing abnormalities.  In the control horse all the golgi structures in the neurons 
were stained. So this staining technique could be used to give us some quantification on neuronal 
degeneration in the cultures.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
AGS cranial cervical ganglia stained with wheat germ agglutinin.  Note that some neurons are stained 
dark brown (1), some have pale staining (2) and some have no staining (3) showing the variation in 
degenerating neurons.   
 
CONCLUSIONS 
 
1) Intestinal Organotypic Culture Experiments 
 
Although improvements were made during this study, in terms of preserving neuronal morphology 
during culture, the poor survival of neurons precluded use of this technique as an in vitro system for 
testing putative EGS toxins. The acidic pH of the HBSS antibiotic wash could have contributed to 
neuronal degeneration in the early stages of the study.  Agitation of the organotypic cultures during 
incubation did appear to improve neuronal morphology, while culturing explants on sponge platforms 
did not significantly improve neuronal morphology.   
 
2) Equine Cranial Cervical Ganglion Culture Experiments 
 
The use of cranial cervical ganglion tissue for tissue culture had several advantages over using an 
intestinal organotypic culture such as: the tissue was cleaner, i.e. free from intestinal contents which 
had been a problem with intestinal culture experiments; cranial cervical ganglion tissue has a higher 
concentration of neurons in a smaller surface area, making it easier to assess degenerating neurons and 
the quantity of degeneration and the tissue could be sliced thinner so allowing more oxygen and 
nutrients to get to the cells, helping to preserve them for longer.  Although some of the neurons looked 
healthy at 24 hours some were also showing signs of degeneration and in order for an in vitro system 
for  testing toxins to be useful, neurons would need to stay healthy over 3-4 days.  Agitation of the 
cultures once placed in the incubator may have helped preserve the neurons for longer, but by using 
the Millicell organotypic inserts both oxygen and nutrients should have been readily accessible by the 
tissue.  The only way of improving oxygen circulation would be to use an Billups-Rotheberg incubator 
chamber.  Once neurons can be kept viable for longer periods (3-4 days) the use of toxins to test for 
neuronal degeneration as seen in grass sickness cases can be tested.  The use of the wheat germ 
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agglutinin staining technique could be used to give us some quantification on neuronal degeneration in 
the cultures.    
 
Manufacturers Addresses 
 
1  Sigma-Aldrich Company Ltd., Fancy Road, Poole, Dorset, BH12 4QH.  
2  Weender Landstrasse,  Goettingen, Germany. 
3  Invitrogen Ltd., Inchinnan Business Park, 3 Fountain Drive, Paisley, PA4 9RF. 
4 Scientific Laboratory Supplies Ltd., Orchard House, The Square, Hessle, East Yorkshire, HU13 0AE.  
5  Alabama Research Development, A division of Alabama Speciality Products Inc., P.O. Box 739, 152 Metal Samples 

Road, Munford, Alabama AL36268. 
6  Millipore (UK) Ltd., 3/5 The Courtyard, Hatters Lane, Watford, WD18 8YH.  
7  William H Neeshams & Associates, 5 Cumberhills Road, Duffield, Derbyshire. 
8  VWR International, Hunter Boulevard, Magna Park, Lutterworth, Leicestershire, LE17 4XN 
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