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Purpose: Pre-clinical tests of potential new drugs for treating cocaine addiction. Anti-cocaine 

effects and side effects are studied using rats and mice. 

 

Anti-cocaine effects: 

 

For cocaine-induced activity tests, rats that had not been used previously for drug 

tests were chosen and divided into two groups. One group was given an injection of the trial 

drug dissolved in a solvent solution. The other group received the solvent solution without 

the trial drug so that behaviours caused by the trial drug could be distinguished from 

behaviours caused by the solvent solution. The trial drug group was divided again into two 

groups. After 45 minutes the trial drug group was given either a cocaine injection dissolved 

in a solvent solution or the solvent solution without cocaine, so that behaviours caused by 

the cocaine could be distinguished from behaviours caused by the solvent solution. The drug 

group without the trial drug was given a cocaine injection dissolved in a solvent solution. 

Each group was then placed in an open chamber and the rats movements and exploratory 

behaviour recorded, so that their activity levels could be measured: 

 

Anti cocaine effects: 

Procedure Rat groups and treatments 

1. Select rats 4-8 rats 4-8 rats 4-8 rats 

2. Injection Trial drug in solvent 
solution 

Trial drug in solvent 
solution 

Solvent solution 
without trial drug 

3. Injection Cocaine in solvent 
solution 

Solvent solution 
without Cocaine 

Cocaine in solvent 
solution 

4. Observe 
movements 

Record Behaviour Record Behaviour Record Behaviour 
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Sensitivity to Cocaine: 

 

Habitual cocaine use can make the user more sensitive to the effects of a cocaine 

injection than a non-user. Rats were divided into two groups. One group was treated with 

cocaine dissolved in a solvent solution and the other with solvent solution without cocaine so 

that behaviours caused by cocaine could be distinguished from behaviours caused by the 

solvent solution. This was repeated daily for 5 consecutive days. On days 6–9, the rats were 

untreated and remained in their home cage. On day 10 the two groups were divided again 

and injected with either a trial drug injection dissolved in a solvent solution or the solvent 

injection without the drug, so that behaviours caused by the trial drug could be distinguished 

from behaviours caused by the solvent solution. They were then injected with cocaine 

dissolved in a solvent solution and placed in an open chamber. Their movements exploring 

the chamber were measured for 60 minutes: 

 

Cocaine Sensitivity 

Procedure Rat groups and treatments: 

1. Select rats 4-8 rats 4-8 rats 4-8 rats 4-8 rats 

2. Inject daily for 
5 days. 

Cocaine in 
solvent solution. 

Cocaine in 
solvent solution. 

Solvent solution 
only. 

Solvent solution 
only. 

3. Wait period of 
4 days. 

No treatment No treatment No treatment No treatment 

4. Injection. Trial drug in 
solvent solution 

Solvent solution 
only 

Trial drug in 
solvent solution 

Solvent solution 
only 

5. Injection. Cocaine in 
solvent solution. 

Cocaine in 
solvent solution. 

Cocaine in 
solvent solution. 

Cocaine in 
solvent solution. 

6. Observe 
movements. 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

 

 

Pain sensitivity: 

 

Mice were placed in plastic tubes that prevented their escape but left their tails 

exposed. For the 4 days prior to the experiment they were restrained in this way for 15 

minutes a day to get used to the procedure. On test day one-third of their tails was immersed 

in a warm water bath (50 deg C) and the time it took before the mouse withdrew its tail was 

recorded. To avoid tissue damage, a maximum immersion time of 10 s was used. This was 

repeated twice to establish a baseline. They were then divided into three groups. Each group 

was given an injection of one of the trial drugs dissolved in a solvent solution. Once again 

one-third of their tails were immersed in a warm water bath (50 deg C) and the time to 

withdraw the tail was recorded. The mice were given a bigger injection of the trial drugs and 
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after waiting 30 minutes they were re-tested. This was repeated seven times to find the 

effects of accumulated drug levels. 

 

Effects on pain and inflammation. 

 

Formaldehyde was injected into a hind paw to cause pain and inflammation. It 

causes acute pain (0-15 minutes) and inflammatory pain (20-60 minutes). After five minutes 

the mice were treated with an injection into their abdominal cavity. The mice were  injected 

with either a trial drug injection dissolved in a solvent solution or the solvent injection without 

the drug, so that behaviours caused by the trial drug could be distinguished from behaviours 

caused by the solvent solution. The pain behaviors were recorded for 60 min. The pain felt in 

the injected paw was assessed using a weight-bearing score. The pain was scored as 0 if 

the mouse showed normal behavior; 1 for partial weight-bearing with only the digits touching 

the floor; 2 with no weight-bearing with the paw raised; and 3 where the paw was bitten, 

licked or shaken. 

 

Effects on pain and inflammation 

Procedure Mouse groups and treatments 

1.Select mice 6 mice 6 mice 6 mice 6 mice 6 mice 6 mice 

2. Inject Solvent 
solution for 
trial drug  

Solvent 
solution for 
trial drug 

Trial drug A at 
1 mg in 
solvent 
solution 

Trial drug A 
at 2 mg in 
solvent 
solution 

Trial drug B 
at 1 mg in 
solvent 
solution 

Trial drug B 
at 2 mg in 
solvent 
solution 

3. Inject 
formaldehyde 
in hind paw 

Solvent 
solution only 

Formal- 
dehyde In 
solvent 
solution 

Formal- 
dehyde In 
solvent 
solution 

Formal- 
dehyde In 
solvent 
solution 

Formal- 
dehyde In 
solvent 
solution 

Formal- 
dehyde In 
solvent 
solution 

4. Observe 
pain response 
0-60 mins 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

Record 
behaviour 

5. Measure 
paw swelling 

Record Record Record Record Record Record 
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Balance and coordination. 

 

Mice were tested on a device intended to measure balance grip strength and motor 

coordination. It consists of a rotating rod placed high enough that the mouse is afraid of 

falling off. The rod is rotated by a motor and the time taken before the mouse falls off is 

measured. The mice were trained and those that reached proficiency were used for the 

tests. The mice were  injected with either a trial drug injection dissolved in a solvent solution 

or the solvent injection without the drug, so that behaviours caused by the trial drug could be 

distinguished from behaviours caused by the solvent solution. They were then placed on the 

rod for the test, which was repeated at 15, 30, 45, 60, 75, and 90 min. 

 

Balance and Coordination 

Procedure Mouse groups and treatments 

1. Select 
mice 

6-7 mice 6-7 mice 6-7 mice 6-7 mice 6-7 mice 

2. Inject Solvent 
Solution 

Trial drug A Solvent 
Solution 

Trial drug B 
at 1mg 

Trial drug B 
at 2 mg 

3.Tests 1-7 Run on rod Run on rod Run on rod Run on rod Run on rod 

4. Record Time to fall Time to fall Time to fall Time to fall Time to fall 

Note: Columns 2 and 4 are identical, reflecting the two data sets in the paper. 

 

 

Pleasure seeking 

These tests were intended to discover whether the anti-cocaine effects of the trial 

drugs would affect other pleasure seeking behaviours. Rats were fed a restricted diet 

and kept at 85% of their normal body weight. They were trained to press a lever to obtain 

a sucrose solution drink. For the test, they were then given two different dosages of one 

of the trial drugs dissolved in a solvent solution or the drug solvent solution injection 

without the drug so that behaviours caused by the trial drug could be distinguished from 

behaviours caused by the solvent solution. They were then offered the sucrose lever and 

their responses were recorded. 
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Memory Impairment test. 

Rats are shown two objects. They are then treated and shown one of the objects 

and a new object. Rats spend less time looking at familiar objects. The time they take 

examining each object is recorded, to see if they have forgotten the original object. For 

the first test, they were given a known memory impairing drug dissolved in a solvent 

solution or the drug solvent solution injection without the drug so that behaviours caused 

by the memory impairing drug could be distinguished from behaviours caused by the 

solvent solution. Next, a drug that blocked the memory impairment drug was given 

before the memory impairment drug. Time spent examining each object was recorded. 

For the second and third tests, they were given two different dosages of one of the trial 

drugs dissolved in a solvent solution or the drug solvent solution injection without the 

drug so that behaviours caused by the trial drugs could be distinguished from behaviours 

caused by the solvent solution: 

 

Memory impairment test 1 

Procedure Rat groups and treatments 

1.Select groups 22 rats 22 rats 6 rats 

2. Show two objects 
to rats 

Object A and object 
B 

Object A and object 
B 

Object A and object 
B 

3. Injection Solvent solution only Known memory 
impairment drug in 
solvent solution 

Blocker drug in 
solvent solution 

4. Injection None None Known memory 
impairment drug in 
solvent solution 

5. Show two objects 
to rats 

Object A and object 
C 

Object A and object 
C 

Object A and object 
C 

6. Observe 
behaviour 

Record time 
examining each 
object 

Record time 
examining each 
object 

Record time 
examining each 
object 
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Memory impairment tests 2 and 3 for trial drugs 1 and 2 

Procedure Rat groups and treatments 

1.Select rats 22 22 22 22 

2. Show objects Object A and B Object A and B Object A and B Object A and B 

3. Injection Memory 
impairing drug 
in solvent 
solution 

Solvent solution 
with no drug 

Trial drug at 0.3 
mg in solvent 
solution 

Trial drug at 1 
mg in solvent 
solution 

4. Show objects Object A and C Object A and C Object A and C Object A and C 

5. Observe 
behaviour 

Record time 
spent examining 
each object 

Record time 
spent examining 
each object 

Record time 
spent examining 
each object 

Record time 
spent examining 
each object 

 

Aversion Tests. 

Drugs may affect the feelings a rat is experiencing. To find out about this, rats are 

treated with the trial drug and exposed to a taste or a place so that they associate it with 

the feeling. They are then given treatment with the trial drug and allowed to choose to 

avoid or select the taste or place. The choice they make shows how they are feeling. 

Tests were conducted with a known aversive drug and one of the trial drugs, and two of 

the trial drugs were compared. The rats were  injected with either a trial drug injection 

dissolved in a solvent solution or the solvent injection without the drug, so that 

behaviours caused by the trial drug could be distinguished from behaviours caused by 

the solvent solution.  

 

Anxiety Tests 

 

A special maze is used to measure the rats anxiety levels.. This device has two open 

arms and two sheltered arms arranged like a plus sign and elevated above the ground. 

Anxiety is shown to the extent the rat prefers the sheltered arms. The rats were  injected with 

either a trial drug injection dissolved in a solvent solution or the solvent injection without the 

drug, so that behaviours caused by the trial drug could be distinguished from behaviours 

caused by the solvent solution.  
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Forced swimming test: 

 

Trial drugs may affect the depression and despair behaviour of rats.   They are 

placed in a cylinder ¾ filled with water from which they can’t escape. Their behaviour is 

recorded. The rats were injected with either a trial drug injection dissolved in a solvent 

solution or the solvent injection without the drug, so that behaviours caused by the trial drug 

could be distinguished from behaviours caused by the solvent solution. Typically the 

untreated rat is placed in the water for 15 minutes to get used to it. On the test day the rat is 

treated with the trial drug and placed in the water. The time spent swimming, trying to climb 

out, and immobile, is recorded. Immobility is assumed to show depressive behaviour. 

 

Cell Testing:  

 

A culture of animal cells suitable for experiments in cellular signalling was nurtured in 

a medium derived from the blood of living calf fetuses.  

Results: One of the trial drugs showed better therapeutic potential with fewer adverse side 

effects than the other. 

 

Comment: Various animal products are used in the cell culture tests of the trial drugs. Fetal 

Bovine (calf) Serum is specified in this report for the cellular tests. It is used to grow the cells 

used for the tests. To produce it, cows that are pregnant when slaughtered have their living 

calf fetus removed. Blood is then extracted from the calf’s heart (without anaesthetic, in 

order to ensure it is uncontaminated) and processed. It is a significant NZ dairy industry 

product for local and export markets. 

 

Limitations: 

  

The authors mention the many adverse side effects of these types of drug (KOPr 

agonists) as limitations to their use as a remedy for drug addiction in humans. 

 

Comment: Ironically, they mention Nalfurafine as a success in KOPr research. Nalfurafine is 

the first KOPr agonist to be approved for use in humans, where it is prescribed to treat 

itching skin in haemodialysis patients. This is the sole result of many years of research using 

animal models to find a KOPr-based cure for drug addiction in humans. 

 

Results of Study: 

 

One of the trial drugs was effective in reducing the effects of cocaine and had fewer 

side effects than the other, but showed an increase in depressive behaviour in the forced 

swimming test. Further development of the trial drugs is recommended. 

 

 

 

 

 

Animal Usage Numbers: 
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The authors of the paper do not report the exact usage of animals for the experiments or 

how the animals are disposed of after tests are concluded. The test results show the number 

of animals used for the statistical analyses, which are shown below. In some tests, where 

permanent changes in the animals due to the tests don’t occur, a group or individual animals 

can be re-used, so the total numbers may be lower than shown. 

 

Test Report Reference Number of animals Disposal of animals 

Anti Cocaine effects p4 4 groups of 4-8 rats No information 

Cocaine Sensitivity p4 4 groups of 4-8 rats No information 

Thermal Pain p5 3 groups of 6 mice No information 

Paw pain and 
inflammation 

p6 6 groups of 6 mice No information 

Pleasure seeking p7 3 groups of 7 rats No information 

Memory impairment 
with blocker 

p7 1 group of 6 rats No information 

Memory impairment 
trial drug 1 and 2 

p7 6 groups of 22 rats 
1 group of 2 rats was 
discarded 

No information 

Balance and 
coordination trial 

p8 5 groups of 6-7 mice No information 

Taste Aversion p9 2 groups of 6-7 rats No information 

Place aversion p9 2 groups of 7-10 rats No information 

Forced Swimming 
Test 

p10 3 groups of 5-7 rats No information 

Elevated plus maze p10 2 groups of 15-29 
rats 

No information 

Cellular Tests p14 10% foetal bovine 
serum 

No information 

 

24/3/2019, S Crompton. 

 


