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Drug Neurotoxic Complications
Central Nervous 

System
Peripheral Nervous System

Cisplatin Encephalopathy, 
headache, stroke, 
seizures

Sensory peripheral neuropathy 
Lhermitte’s sign, muscle cramps, 
nausea, vomiting, diarrhoea

Carboplatin Cortical blindness Sensory peripheral neuropathy, 
stomach cramps, constipation, 
diarrhoea and vomiting

Oxaliplatin No adverse effects Post-infusion parasthesia, sensory 
peripheral neuropathy, constipation, 
diarrhoea, nausea, vomiting

5-Fluorouracil Cerebellar dysfunction, 
inflammatory 
leukoencephalopathy

Nausea, vomiting, diarrhoea, 
constipation
Rare: peripheral neuropathy

Irinotecan Rare: dysarthria, ataxia 
of the arms and legs

Diarrhoea, stomach cramps, 
nausea, vomiting, constipation



Enteric Nervous System

• Enteric nervous system (ENS) controls 
all GI functions

• The number of enteric neurons in a 
human is estimated to be 200-600 
million ~ the same as in the spinal cord.

� Coordinated gut motility persists even 
in the total absence of connections 
between the gut and the CNS.Furness 2012



Main concept



Human studies: fresh colon specimens from non-
obstructive carcinoma patients
Animal models:

Chemotherapy Colorectal cancer



Methods
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Chemotherapy-induced loss of enteric 
neurons



Side-effects of oxaliplatin treatment: 
mouse model 

Chronic in vivo Oxaliplatin treatment causes:
• loss of body weight 
• severe constipation
• decrease in food intake
• increase in kaolin consumption (pica 

– equivalent to nausea and vomiting in humans)

Kaolin consumption

*
*

*
*

*
*
*

**
*

***

Normal chow consumption

Effect of in vivo treatment with Oxaliplatin 
on animal body weight

Sham Oxaliplatin

Excised colons



Oxaliplatin-induced gastrointestinal dysfunctions
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Hyperexcitability of colonic myenteric neurons 
from chemotherapy-treated patients
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Oxaliplatin-induced oxidative stress
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Aggregates of nitrosylated proteins in enteric 
neurons
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Ex vivo platinum detection in enteric neurons 
using atomic absorption spectrophotometry
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Activation of damage-associated molecular 
patterns: translocation of high mobility group box 
1 (HMGB1) protein (mouse)
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Translocation of Hu protein (human)

HGG(µ0

P(((Q%.#/+./6 ^(((])Y])XN.#/+./6

HGG(µ0

C.$[+%$:2;+ /.(+,S(FGHL((
P0(_(\"72&$,$97(KGV<L?3UFFKNUFKF



Resveratrol co-treatment alleviates enteric 
neuropathy, improves colon functions and 
potentiates anti-cancer efficacy of oxaliplatin
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Co-treatment with HMGB1 inhibitor alleviates 
enteric neuropathy and inhibits tumour growth
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Summary
Chemotherapy induces:

• damage and death of enteric neurons 

• changes in neuromuscular transmission and neuronal hyperexcitability

• colonic dysmotility, changes in intestinal transit, symptoms constipation and 
nausea (pica)

• Oxidative stress and platinum accumulation are major mechanisms of 
oxaliplatin-induced enteric neuropathy

• Neuroprotective treatments can alleviate gastrointestinal side-effects 
without compromising anti-cancer efficacy of chemotherapy 
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Changes in TollChanges in Toll-Changes in Toll-like receptors and gut microbiota
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IrinotecanIrinotecan-Irinotecan-induced diarrhoea and mucositis
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Irinotecan-induced changes in ChAT neurons



Day 14 Sham PGP

Day 14 Sham ChAT

Day 14 OXL PGP

Day 14 OXL ChAT

Day 14 OXL Merged
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McQuade et al, 2014 unpublished 



D14 Myenteric Colon

OXL Tub III

OXL ChAT

OXL Tub III & ChAT

D14 Myenteric Colon

SHAM Tub III

SHAM ChAT

SHAM Tub III & ChAT
McQuade et al , 2014 unpublished 
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Results: Motility
OxaliplatinSham for 

Oxaliplatin

RES RES +Oxaliplatin

Donald et al, 2014 unpublished 
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Resveratrol Restored Colon Motility

Donald et al, 2014 unpublished 
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Oxaliplatin treatment has no effect on fast Inhibitory Junction Potentials (fIJP) 

Effect of oxaliplatin on Purinergic neuromuscular 
transmission

Carbone et al, 2014 unpublished 



Sham Oxaliplatin
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Oxaliplatin increased the amplitude of slow Inhibitory Junction Potentials (sIJP) 
Carbone et al, 2014 unpublished 
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Oxaliplatin treatment has no effect on Excitatory Junction Potentials (EJP) Carbone et al, 2014 unpublished 



Growth of Tumour in the Caecum & Colon

HT29 human cancer cell lines stain darker against the mouse 
tissue, confirming the presence of cancer/tumour.
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