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INTRODUCTION METHODS
An increased behavioral recovery was 
observed in rats subjected to motor cortex 
lesion and treated with anti-NOGO 
(Emerick et al., 2004; Papadopoulos et al., 
2002; Wenk et al., 1999).
Our goal is to transpose this procedure to 
subhuman primates (monkeys), on which 
more sophisticated behavioral assessment 
can be performed in order to create a model 
closer to  the clinic patients subjected to 
cortical lesion. The distribution of anti-NOGO-
A in the CNS, resulting from the infusion 
technique used to treat spinal cord lesions in 
our laboratory, leads to an anti – NOGO 
distribution which is detectable in the spinal 
cord as well as in the brain. 

Experimental Protocol
Experiments were conducted on two adult  
monkeys (macaca fascicularis)
1. Behavioral training for various manual dexterity

tasks
2. Mapping of M1 in both hemispheres using ICMS

(intracortical microstimulation)
3. Lesion of hand representation (fingers) in one

hemisphere by infusion of ibotenic acid 
(13.5µl [10µg ibotenic acid / 1µl saline ] )

4. 2 weeks of anti-NOGO-A treatment 
( 11C7 [3.7mg /ml] ) in 1 of the 2 monkeys

5. Behavioral assessment during several months 
post - lesion

6. Remapping of both hemispheres

Behavioural evaluation of manual dexterity

Box cover closed

Box cover open

3. Behavioral evaluation of manual dexterity

The rotating Brinkman board
Task:
Grasping from 32 slots which are
changing the orientation with time by
a clockwise rotation or an anticlockwise
rotation of the board
The monkey has to anticipate the movement

The hidden Brinkman board
Tasks:

1. Sensory guided task
(box cover closed)

2. Visual guided task
(box cover open)

For both tasks the monkey has to pick
pellets out of 10 vertical and 10 horizontal slots

The standard Brinkman board
Task:
Grasping from 25 vertical (no wrist rotation)
and 25 horizontal (wrist rotation) slots.

Movement of the arm

Direction of the gaze
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Placement of the Anti - Nogo - A infusing pumps

Subcutaneous pockets with the
pumps in the back of the
monkey with the 2 catheters
leading to the corresponding
cervical (C7) and cortical 
infusion sites
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RESULTS
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Handshape sequence during pellet picking
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Untreated Monkey (C)

Days (pre/post) Lesion
-50 -40 -30 -20 -10 0 10 20 30 40 50

N
b.

 o
f p

el
le

te
s r

et
rie

ve
d 

in
 3

0'
'

0

5

10

15

20

Modified Brinkman board scores of the right hand
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Lesion reconstruction on two
representative sections for 
the UNTREATED monkey

      M1 left lesion center

The ibotenic acid injection disturbed the cytoarchitecture
of the hand area in M1, but less than in the untreated monkey
( is it related to the treatment ?)
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Manual dexterity assessed with the 
“Hidden Brinkman board” (no visual feedback)
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CONCLUSIONS
These preliminary data using anti-nogo A treatment after 
cortical lesion of the hand representation in M1 show that:

1. Behavioural recovery in the treated monkey was fast and 
reached almost 100% of the pre-lesion score versus 30 % 
for the untreated monkey.

2. ICMS effects were persistent in lesion sites in the treated 
monkey and were absent in the untreated monkey.

In conclusion it is important to emphasize that the observations
in the present study were based on comparing data from one 
treated monkey with that from one untreated monkey. 
Nevertheless, we believe that these data are important in 
revealing a remarkable degree of recovery in the treated 
monkey, an observation which needs to be confirmed on a 
larger number of monkeys.
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Reproducibility of the
intracortical
microstimulation
method
ICMS penetrations were repeated twice at
the same site at 2 time points ranging from
12 to 140 days.

D = digit
E = elbow
F = face
S = shoulder
W = wrist
X = no response

CE = central sulcus
AS = arcuate sulcus

→ = Lowest threshold at which
a specific movement was
induced by ICMS
(corresponds to the
type of movement indicated
on the surface map)

Result:
Movements produced by ICMS (12 pulses at
330 Hz) are reproducible.
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