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       ABSTRACT: Two murine-derived anti-methamphetamine monoclonal antibodies 

were studied as potential pharmacokinetic antagonists of (+)-methamphetamine self-

administration by rats. Intravenous administration of a 1 g/kg dose of the lower-affinity 

(KD 250 nM) antibody (mAb) designated mAb6H8, 1 day before the start of several daily 

2-hr self administration sessions produced effects that depended on the dose of (+)-

methamphetamine.  mAb6H8 increased the rate of self-administration of a unit dose of 

0.06 mg/kg (+)-methamphetamine, had little effect on the rate of self-administration of a 

unit dose of 0.03 mg/kg (+)-methamphetamine, and lowered the rate of self 

administration of a unit dose of 0.01 mg/kg (+)-methamphetamine to a level similar to 

that after saline substitution.  mAb-induced changes in rates of self-administration 

occurred very early in self-administration sessions and lasted for 3 to 7 days.  

Intravenous administration of a 1 g/kg or a 0.6 g/kg dose of a higher-affinity (KD 11 nM)  

mAb designated mAb6H4, 24 hrs before the first of several self-administration sessions 

produced very similar effects to the lower affinity mAb, despite the more than 20-fold 

greater affinity for (+)-methamphetamine.  It is proposed that these anti-

methamphetamine antibodies bind some of the self-administered (+)-methamphetamine 

before it can penetrate into brain, thereby reducing the amount of free drug available to 

function as a reinforcer.  Although neither of these mAb medications are optimal 

antibodies for treating (+)-methamphetamine abuse, the experiments demonstrate that 

anti-(+)-methamphetamine monoclonal antibodies can attenuate the self administration 

of the drug and suggest the potential of using monoclonal antibodies as pharmacokinetic 

antagonists of (+)-methamphetamine. 
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 The abuse of amphetamines is a serious world-wide problem.  Since 1999 there 

has been a steady upward trend in the number of drug-related emergency department 

visits in the United States (DAWN Report, 2003).  The United Nations Office on Drugs 

and Crime estimates that approximately 0.6% of the global population has used 

amphetamines and the rate of use is increasing, especially in China and East Europe 

(UNOCD, 2003).  The National Drug Threat Assessment states that methamphetamine 

is “a principal drug threat” to the United States and that 31% of state and local law 

enforcement agencies nationwide consider it as the principal drug threat (National Drug 

Intelligence Center, 2003). 

 Despite the serious consequences of abuse of the amphetamines, there is no 

accepted pharmacotherapy for treatment of the amphetamine user.  Recently, there has 

been increasing interest in the use of antibodies as possible pharmacotherapeutic 

agents for the treatment of drug abuse.  Either passive or active immunization with 

antibodies has been reported to attenuate the pharmacological effects or lower brain 

levels of heroin (Killian et al., 1978),  phencyclidine (Hardin et al.;2002;   Valentine and 

Owens, 1996), nicotine (Hieda et al., 1999; Pentel et al., 2000; Tuncok et al., 2001), 

cocaine (Baird et al., 2000;  Kantak et al., 2000; Carrera et al., 2001; Koetzner et al.,  

2001), and methamphetamine (Byrnes-Blake et al., 2001; McMillan et al., 2002).  The 

drug effects that have been decreased by anti-drug antibodies include locomotor activity 

(Pental et al., 2000; Byrnes-Blake et al., 2001; Carrera et al, 2001; Hardin et al., 2002;), 

seizures (Tuncok et al., 2001), increases in blood pressure (Pentel et al., 2000; Brisco et 

al., 2001), drug self administration (Mets et al., 1998; Baird et al., 2000; Carrera et al., 

2000; Kantak et al., 2000;), stereotypy (Carrera et al., 2001), fixed-ratio responding for 

food (Koetzner et al., 2001) and drug discrimination (McMillan et al., 2002).  It is usually 

assumed that the primary mechanism by which the anti-drug antibody produces its 

effects is through high affinity binding to the drug, thereby preventing access of the drug 
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to its sites of action including the brain (Valentine and Owens, 1996; Heida et al., 1999;  

Pental et al., 2000; Proksch et al., 2000; Hardin et al., 2002). 

 Recently, we have shown that an anti-(+)-methamphetamine mouse monoclonal 

antibody (mAb, will be used as both a singular and plural abbreviation) with a KD for (+)-

methamphetamine of 250 nM (designated mAb6H8) produced a 3-fold shift to the right in 

the dose-response curve for the discrimination of (+)-methamphetamine in both rats and 

pigeons (McMillan et al., 2002).  Although the discriminative stimulus properties of drugs 

probably contribute to their reinforcing properties, the animal model that is used most 

frequently to access the reinforcing properties of a drug in animals is the intravenous self 

administration model.  In the present experiment, we studied the potential of a relatively 

low and a relatively high affinity mouse monoclonal anti-(+)-methamphetamine mAb for 

blocking the intravenous self-administration of (+)-methamphetamine. 
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     Methods 

Subjects 

 Subjects for the data reported in the present experiments were male Sprague-

Dawley rats.  At the beginning of training, rats were approximately 3 months old and 

averaged 300 g in weight.  They were maintained at these weights during the course of 

the experiment by controlled feeding.  They were housed in a vivarium with a 12/12 hr 

light-dark session with illumination beginning at 7:00 a.m. each day.  There was free 

access to water in the home cage, but not in the test chamber. 

Apparatus 

 The test chamber was a Gerbrands (Arlington, MA) model G7410 operant 

chamber measuring 23 cm long, 22 cm wide, and 19 cm high.  The test chamber 

contained a Gerbrands model G6311 response lever mounted on the right side of the 

chamber 2 cm from the side wall and 9 cm above the floor.  A downward force of 

approximately 15 g was required to operate the lever.  Two 24 V DC lights were 

mounted in the ceiling at the rear of the test chamber.  These lights were turned on 

during the entire 2-hr session.  The operant chamber was mounted inside a sound-

attenuating enclosure.  A feeder could deliver 97 mg Noyes food pellets (P. J. Noyes, 

Co., Lancaster, NH) into a food cup centered in the front panel of the chamber at floor 

level.  Drug solutions for self-administration were placed in a 10 ml syringe mounted on 

a Razel Model A syringe pump (Razel Scientific Instruments, Stamford, CT) on top of the 

operant chamber.  The syringe was connected to a low-torque swivel also mounted on 

top of the chamber by polyethylene tubing (PE-50) .  Solutions flowed through the swivel 

into a second length of polyethylene tubing routed through a flexible spring attaching the 

swivel to a harness worn by the rat.  At the harness, the polyethylene tubing was 

connected to the rat’s intravenous catheter.  This arrangement permitted the rat free 

mobility in the chamber with some protection against damaging the catheter.   
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Procedure 

 Initially, rats were conditioned to press the lever using food-pellets as the 

reinforcer.  Once responding on the lever was established, the schedule was changed 

so that every 3rd response produced the food pellet (fixed-ratio 3 [FR 3] schedule).  After 

a single session under the FR 3 schedule, an intravenous catheter was surgically 

implanted to prepare for (+)-methamphetamine self-administration.  The rats were 

anesthetized with 100 mg/kg ketamine and 20 mg/kg Rompun and implanted with 

intravenous catheters constructed from silastic tubing (0.02” ID and 0.32” OD).  The 

proximal ends of the catheters were placed into the femoral vein and inserted 30 mm 

toward the heart.  The distal end of the catheter was passed subcutaneously to exit at 

the level of the scapula where it was connected to the polyethylene tubing routed 

through the harness and spring. 

 Following recovery from the surgery, rats were placed in the test chamber and 

given the opportunity to self-administer 0.06 mg/kg unit doses of (+)-methamphetamine 

hydrochloride (calculated as the salt) under the  FR 3 schedule of drug presentation.  

Food pellets were no longer presented.   (+)-Methamphetamine was graciously supplied 

by the National Institute on Drug Abuse (Bethesda, MD).  Drug injections were 

approximately 1.3 seconds in duration and 0.07 ml in volume.  Slight adjustments in the 

injection duration were made across rats to allow for the small differences in body 

weights of individual rats.  After the last session of most weeks, a 5.6 mg/kg dose of 

methohexital was administered through the catheter to make sure that it was in place 

and operable.  If the rat failed to lose the righting reflex immediately after the 

methohexital test, the catheter was moved to the femoral vein of the opposite rear leg, or 

more often the rat was eliminated from the study.  
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 Rats were considered to have reached stabilized performance when no trends in 

rates of responding were apparent over four successive self-administration sessions.  

Usually performance over these four was within 20% of the mean rate for the four 

sessions with a few exceptions, such as Frame C in Figures 3 and 4.  Once responding 

to self-administer the 0.06 mg/kg unit doses of (+)-methamphetamine stabilized, one of 

the anti-methamphetamine mAb was administered intravenously to the rats.  Other 

groups of rats were shifted to other unit doses of (+)-methamphetamine and stabilized at 

these doses prior to administration of a mAb to determine dose-effect relationships.  

Beginning approximately 20 hr after the administration of the mAb, the rats were given 

the opportunity to self-administer (+)-methamphetamine for 4-7 daily sessions.  In some 

rats, the effects of an mAb terminated as shown by recovery of the rate of (+)-

methamphetamine self-administration to baseline levels, after which the rat was exposed 

to a different unit dose of (+)-methamphetamine.  After responding stabilized at the new 

unit dose, the effects of the mAb were studied a second time. 

Antibody Preparation 
 

The production and purification of mAb6H8 and mAb6H4 has been described by 

Byrnes-Blake et al. (2001, 2003).  mAb6H8 and mAb6H4 are both IgG1 monoclonal mAb 

with a κ light chain (mouse-hybridoma isotyping kit, Boehringer Mannheim Corporation, 

Indianapolis, IN).  The KD values for (+)-methamphetamine for mAb6H8 and mAb6H4 

are 250 nM and 11 nM, respectively.  Gram quantities of the mAb were grown from the 

hybridoma cell lines in a Cell-Pharm System 2500 hollow-fiber bioreactor (Unisyn 

Technologies, Inc., Hopkinton, MA) by the methods described by Valentine et al. (1996).  

The monoclonal mAb were harvested and stored at −80°C until purification.   

The mAb were purified by cation exchange chromatography (Amersham 

Pharmacia Biotech, Piscataway, NJ), as described by Hardin et al. (1998).   The mAb 

were concentrated and the buffer was exchanged to 15 mM sodium phosphate 
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containing 150 mM sodium chloride (pH 6.5) on a 500-ml stirred cell (Amicon Inc., 

Beverly, MA) with a 30 kDa molecular weight cutoff cellulose membrane (Millipore 

Corporation, Bedford, MA).  The endotoxin levels were checked (QCL-1000; 

BioWhittaker, Inc., Walkersville, MD) to ensure they were within physiologically 

acceptable levels.   

The day before being administered to the animals, the mAb preparations were 

ultracentrifuged at 100,000g for 90 min at 4°C and at 3,300g for 20 min.  These steps 

eliminate large-molecular-weight antibody complexes, which can be highly antigenic 

(Spiegelberg and Weigle, 1967).  The final mAb formulations were warmed to 37°C 

before i.v. administration to the animals. 

 

Data Analysis 

 Data were plotted in the figures as group means with standard errors.  

Differences in the numbers of animals given access to different unit doses of (+)-

methamphetamine and differences in the number of points to which each animal 

contributed in a graph, made the use of analysis of variance problematic, so Students t 

test, or paired t tests were used for statistical analysis. This approach was dictated by 

the limited supply of (+)-methamphetamine mAb and the difficulties in maintaining the 

venous cannulae for extended periods of time.  When statistical tests were conducted, 

data were used from several days.  For example, in Figures 3 and 4, the baseline 

responding for the four days prior to mAb administration were compared with the 

responding during the 3 or 4 days after administration of the mAb using t tests with the 

level of statistical significance set at 0.05.     
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     Results 

 The first experiment was performed with two groups of rats trained to self 

administer 0.06 mg/kg unit doses of (+)-methamphetamine, a unit dose chosen on the 

basis of data from Munzar et al. (1999).  Figure 1 shows data from these rats for the final 

four sessions of training before administration of mAb6H8.  Both groups of rats averaged 

about 30 injections during the 2-hr test period, resulting in a self administered dose of 

about 1.8 mg/kg.  Subsequently, saline was substituted for (+)-methamphetamine in one 

group of rats (unfilled circles).  When saline replaced the 0.06 mg/kg unit dose of (+)-

methamphetamine there was an immediate and marked reduction in the rate of 

responding by these rats.  The second group of rats (filled circles) received a 1 g/kg 

dose of mAb6H8 20 hrs before the next session, during which (+)-methamphetamine 

injections continued to be available at the same 0.06 mg/kg dose.  Rather than 

producing a reduction in the number of injections earned as occurred when saline was 

substituted for (+)-methamphetamine, in the presence of mAb6H8 the rate of responding 

almost doubled and the effect continued for 7 days.  Subsequently, saline was 

substituted for (+)-methamphetamine in the rats that had received mAb6H8.  The 

responding of these rats decreased immediately, as had occurred when saline was 

substituted for (+)-methamphetamine in the group that had not received the mAb.  When 

access to (+)-methamphetamine was restored for the group that had undergone saline 

substitution (days 8-13) but had not received mAb6H8, the rats responded by self-

administering the baseline number of (+)-methamphetamine injections.  The changes in 

the number of injections produced by both saline substitution and administration of 

mAb6H8 were significantly different from the baseline rate of injections (P<0.05). 

    ------------------------------------------------- 

                  Figure 1 about here 

    ------------------------------------------------ 
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 We reasoned that the apparent failure of 1 g/kg mAb6H8 to block the effects of 

0.06 mg/kg doses of (+)-methamphetamine might depend on the unit dose of the drug.  

Therefore, we studied the effects of mAb6H8 on the self administration of additional unit 

doses of (+)-methamphetamine (Figure 2).   All rats shown in Figure 2 first were trained 

to self administer 0.06 mg/kg unit doses of (+)-methamphetamine under the FR 3 

schedule before other unit doses of (+)-methamphetamine were studied.  The top frame 

of Figure 2 shows unit dose response data for (+)-methamphetamine self-administration 

by rats at each unit dose.  After responding had stabilized at each unit dose, rats self 

administered the highest number of injections during the 2-hr session at the 0.01 mg/kg 

unit dose of (+)-methamphetamine, with very few injections self administered at the next 

lower dose (0.003 mg/kg/injection).  Unit doses greater than 0.01 mg/kg produced a 

progressive decrease in the number of (+)-methamphetamine self-administrations.  The 

relationship between unit dose and response rate for the self administration of 

amphetamines has been described as an inverted U (Yokel and Pickens, 1973) and this 

relationship can be seen from the dose-response curves shown in Figure 2.  Since the 

0.06 mg/kg unit dose fell on the descending leg of this inverted U-shaped curve, a partial 

pharmacokinetic antagonism of the 0.06 mg/kg unit dose of (+)-methamphetamine might 

have caused this dose to produce effects similar to lower unit doses (moving its effect 

upward and to the left on the descending leg of the dose-response curve), resulting in 

increased responding.     

 The bottom frame of Figure 2 shows the same data plotted as total mg/kg of (+)-

methamphetamine self administered.  Very little self-self administration of (+)-

methamphetamine occurred at the 0.003 mg/kg unit dose.  Higher unit doses of (+)-

methamphetamine resulted in higher doses self administered; however, there was little 

difference in the total dose self-administered during the 2 hr sessions across a range of 
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0.03 to 0.3 mg/kg unit doses with approximately 2 mg/kg being self-administered across 

all of these doses.  

    -------------------------------------------- 

     Figure 2 about here 

    -------------------------------------------- 

 
 Data showing the effects of 1 g/kg mAb6H8 on the self-administration of unit 

doses of (+)-methamphetamine ranging from 0.01 to 0.06 mg/kg are shown in Figure 3.  

Different rats had different rates of self administration, therefore the data were plotted as 

a percentage of the baseline rate of self administration for the last four sessions prior to 

administration of the mAb.  The mean dose self-administered by all rats across the four 

days of testing is shown in the lower left-hand corner of each frame.  As discussed 

previously, the mAb6H8 significantly increased the rate of self administration of the 0.06 

mg/kg unit dose of (+)-methamphetamine (Frame A), but it failed to produce a 

statistically significant  change in the rate of self-administration of the 0.03 mg/kg unit 

dose (Frame B).  However, the mAb almost completely blocked the self-administration of 

the 0.01 mg/kg unit dose (Frame C) to the extent that rates of responding fell to those 

during saline extinction (Frame D).   Both the increased rate of self-administration 

(Frame A) and the decreased rate of self-administration (Frame C) after administration 

of mAb6H8 were significantly different from the baseline rate of self-administration 

(P<0.001). 

    ------------------------------------------------ 

     Figure 3 about here 

    ------------------------------------------------ 
 
  Figure 4 shows similar data for the higher affinity mAb6H4 mAb.  Column 1 

shows the effects of 1 g/kg mAb6H4 on (+)-methamphetamine self administration.  One 

day following administration of 1 g/kg mAb6H4, the rate of self administration of the 0.06 
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mg/kg unit dose of (+)-methamphetamine was significantly increased (P<0.001, Frame 

A).  The baseline rate of responding became erratic during the four days when the unit 

dose of (+)-methamphetamine was decreased to 0.03 mg/kg in the presence of 1 g/kg 

mAb6H4 (Frame B).  The 1 g/kg dose of mAb6H4 significantly decreased the rate of 

responding (P<0.05) maintained by the 0.01 mg/kg unit dose of (+)-methamphetamine 

by about 50% (Frame C).  A dose of 0.6 g/kg of mAb6H4 also blocked the self 

administration of 0.03 mg/kg doses of (+)-methamphetamine (P<0.001, Frame D),  but a 

0.3 g/kg dose of the mAb failed to block the effects of unit doses of 0.06 or 0.03 mg/kg 

unit doses (Frames E and F). 

   ---------------------------------------------------------- 

    Figure 4 about here 

   --------------------------------------------------------- 
 
 Figure 5 shows an analysis of the pattern of (+)-methamphetamine self-

administration within 12-min segments of the 2-hr session for 0.06 mg/kg unit doses of 

(+)-methamphetamine.  The highest percentage of  (+)-methamphetamine self-

administrations of 0.06 mg/kg unit doses occurred during the first 12 min of the session.  

When saline was substituted for (+)-methamphetamine (bottom frame), responding 

decreased markedly during the first 12 min of the session and remained at a very low 

rate throughout the remainder of the session.  When the rat self-administered the 0.06 

mg/kg unit dose of (+)-methamphetamine in the presence of 1.0 g/kg of mAb6H8, rates 

of responding increased during each of the first three 12-min segments of the session.  

Then the rate of responding remained close to the rate that occurred for the 0.06 mg/kg 

unit dose without the mAb for the remainder of the session. 

   ----------------------------------------------------------- 

     Figure 5 about here 

   ---------------------------------------------------------- 
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 Figure 6 shows the pattern of self-administration of the 0.01 mg/kg unit dose 

during the last  three sessions before administration of 1 g/kg mAb6H8, and during the 

first three sessions after administration of the mAb.  At this low unit dose of (+)-

methamphetamine, responding gradually increased over the session.  Rates of 

responding were quite variable across subjects.  Nevertheless, the effects of the mAb 

occurred rapidly.  The rate of responding was only slightly decreased during the first 12 

min of the session after the mAb, but subsequently the rates of responding in the 

presence of the mAb remained at very low levels relative to the rates of responding prior 

to administration of mAb6H8. 

   ------------------------------------------------------ 

    Figure 6 about here 

   ------------------------------------------------------ 
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     DISCUSSION 

 The anti-(+)-methamphetamine mAb6H8 and mAb6H4 increased the rate of self-

administration of a 0.06 mg/kg unit dose of (+)-methamphetamine, appeared to have 

minimal effects on a 0.03 mg/kg unit dose, and markedly decreased the self-

administration of a 0.01 mg/kg unit dose.  mAb6H8 reduced the rate of (+)-

methamphetamine self-administration at the 0.01 mg/kg unit dose to about the same 

level as when saline solution was substituted for a 0.06 mg/kg unit dose of (+)-

methamphetamine.  The effects of anti-methamphetamine mAb on the self-

administration of (+)-methamphetamine lasted from 4 to 7 days.  Since the unit dose-

response curve for (+)-methamphetamine self-administration has the shape of an 

inverted U, these data are consistent with the interpretation that the mAb produced a 

partial pharmacokinetic antagonism of (+)-methamphetamine by causing higher unit 

doses of (+)-methamphetamine to produce effects similar to those produced by lower 

doses.  Thus, lessening the effects of the 0.06 mg/kg unit dose (which falls in the middle 

of the descending leg of the unit dose-response curve, Figure 2) would result in an 

increase in response rate, while lessening the effect of the 0.01 mg/kg unit dose would 

result in a decreased rate of responding.  The 0.03 mg/kg unit dose did not produce 

much change in the rate of (+)-methamphetamine self-administration in the presence of  

mAb6H8; however, this unit dose falls on the right side of the relatively flat section of the 

curve that relates unit dose to number of injections (Figure 2).  If the mAb caused the 

effect of the 0.03 mg/kg unit dose to produce effects more like the 0.01 mg/kg unit dose, 

the rate of responding would not be expected to undergo much change based on Figure 

2.  Presumably, the mAb bind some, but not all of the (+)-methamphetamine at higher 

unit doses preventing some, but not all of the (+)-methamphetamine from reaching the 

brain.  This diminishes, but does not eliminate the reinforcing effect of (+)-

methamphetamine.  Under these conditions, the rats respond at higher rates and 
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partially surmount the pharmacokinetic antagonism.  At the lowest unit doses, it is 

suggested that the mAb bind a higher percentage of (+)-methamphetamine molecules 

so that very little drug reaches the brain.  This greatly decreases the reinforcing efficacy 

of these lower unit doses to produce effects similar to those produced by saline 

substitution.  These data are consistent with our previous observations (McMillan et al., 

2002) that mAb6H8 can attenuate the discriminative stimulus effects of (+)-

methamphetamine for 4 to 7 days.    

 Other investigators have shown that anti-drug antibodies can alter the disposition 

of drugs between blood and brain.  For example, it has been shown that the 

administration of a monoclonal anti-phencyclidine Fab fragment with a high affinity for 

phencyclidine (KD = 1.8 nM) can rapidly and dramatically decrease brain phencyclidine 

concentrations while increasing phencyclidine levels in serum (Valentine and Owens, 

1996).  These experiments showed that most of the phencyclidine in serum was bound 

to the mAb.  In the present experiments, the mAb was given a day before the rats had 

an opportunity to self-administer (+)-methamphetamine.  When animals had been 

pretreated with the mAb a day before the next opportunity to self-administer (+)-

methamphetamine, the mAb should be available to bind at least part of the self-

administered dose of (+)-methamphetamine before it reaches the brain.  At low unit 

doses of (+)-methamphetamine, the mAb may bind enough (+)-methamphetamine to 

prevent its entry into the brain and block its reinforcing effect.     

 It may be more difficult for anti-drug antibodies to block the self-administration of 

some drugs than to reverse the effects of overdose.  In the case of drug overdose, the 

drug usually is already well distributed in the blood and tissues including the brain.  

Administration of the mAb intravenously should begin to bind the drug in serum, thereby 

disrupting the equilibrium of unbound drug between brain and blood.  Favorably shifting 

this equilibrium by binding of (+)-methamphetamine in serum should cause unbound 
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drug to move from the brain to the serum where it becomes accessible to additional 

binding by the mAb.  For the prevention of drug self-administration, the problem is 

potentially more difficult, especially under the conditions where the drug is administered 

very rapidly (1.3 sec) in a small volume (0.7 ml), as occurred in our experiments.  In 

these experiments, when (+)-methamphetamine self-administration was initiated one day 

after administration of the anti-methamphetamine mAb, the mAb should have been well 

distributed in serum.  The intravenous self-administration of each (+)-methamphetamine 

unit dose is delivered rapidly in a small bolus that enters the venous return to the heart 

where it is flushed rapidly into areas with high blood flow such as the brain.  The small 

volume of blood and limited amount of mAb in that volume of blood in which the drug is 

transported, plus the limited amount of time that the mAb has to bind to the drug before 

the free drug enters tissues like the brain, may not be enough to prevent some (+)-

methamphetamine molecules that are not bound to the mAb from reaching the brain to 

produce reinforcing effects.  It is suggested that this is why the mAb were not able to 

block the self-administration of higher unit doses of (+)-methamphetamine.  Some of the 

drug still must have been getting to the brain to produce a reinforcing effect sufficient to 

maintain responding.  As more (+)-methamphetamine is self administered, more and 

more of the binding sites on the mAb would be occupied with (+)-methamphetamine 

molecules, so that subsequent self-administrations produce more free (+)-

methamphetamine which can cross the blood-brain barrier thereby partially or 

completely surmounting the pharmacokinetic antagonism.   

 Nevertheless, other investigators have been able to block the self administration 

of some abused drugs with much lower doses of mAb.  For example, Fox et al. (1996) 

were able to block the self-administration of 1 mg/kg unit doses of cocaine using a 4 mg 

dose of a monoclonal antibody, but Kantak et al. (2000) required 12 mg of antibody to 

block this dose of cocaine self administration.  The difference between these studies 
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was that in the Kantak et al. (2000) study the rate of cocaine infusion was faster  (3-4 

sec) than that (6-8 sec) in the study by Fox et al. (2000).  In the experiments by Fox et 

al. (1996), cocaine was available under a second-order schedule where a dose of 

cocaine was available only once every 5 min further limited the rate at which cocaine 

could be self-administered relative to the rate of (+)-methamphetamine self-

administration in the present experiments.  In the present experiments, (+)-

methamphetamine was available under a FR 3-response schedule whereby doses could 

be repeatedly administered within a few seconds of each other and the infusion rate was 

more rapid (1.3 sec) than in either the Fox et al. (1996) or the Kantak et al. (2000) 

studies.  It is possible that the slower rate of delivery and the more limited access to 

cocaine can be more easily blocked by an antibody than under the current conditions 

where there is a relatively rapid rate of access to (+)-methamphetamine and a very short 

duration of drug delivery. 

 Under our FR 3 schedule, each delivery of (+)-methamphetamine requires only 

three lever presses by the animal which requires only a few seconds to complete.  

Following a self-administration, reductions in the concentrations of free (unbound) (+)-

methamphetamine due to its binding to mAb might be overcome by rapid self-

administrations of additional (+)-methamphetamine under this short FR schedule.  Figure 

5 shows that at the beginning of the session the rate of self-administration of 0.06 mg/kg 

unit doses of (+)-methamphetamine was higher after mAb administration than it was 

without the mAb, but that part way through the session the rate of responding for (+)-

methamphetamine leveled off and became similar to the rate of responding in the 

absence of the mAb.  These data suggest that rats self-administer (+)-

methamphetamine rapidly at the beginning of the session to reach a steady state after 

which the steady-state concentration is maintained by a slower rate of responding for the 

remainder of the session.  In clinical practice, this is commonly referred to as a loading 
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dose, which allows a more rapid achievement of therapeutic levels of the drug.  Perhaps 

the higher rate of (+)-methamphetamine self-administration  early in the session is 

comparable to a loading dose, whereby rats rapidly self-administer (+)-

methamphetamine to produce an optimal brain level of the drug.  In the presence of mAb 

an even higher rate of self-administration of (+)-methamphetamine early in the session 

would eventually result in occupancy of most of the mAb receptor sites while allowing 

some free (+)-methamphetamine to reach the brain.  Subsequently, the slower rate of 

responding would maintain the usual steady state concentration of free drug.    

 Since there is a significant amount of conversion of (+)-methamphetamine to (+)-

amphetamine in the male rat, and these anti-methamphetamine mAb do not bind to (+)-

amphetamine to a significant extent (Byrnes-Blake et al., 2001, 2003), it is possible that 

(+)-amphetamine might have limited the degree to which mAb could block the self-

administration of (+)-methamphetamine.  However, (+)-amphetamine is not likely to be a 

limiting factor in the pharmacokinetic antagonism of (+)-methamphetamine in these 

experiments for several reasons.  First, (+)-methamphetamine enters the brain within a 

few minutes after intravenous administration (Lauranzana et al, 2003), and it is likely that 

the reinforcing effect of the drug occurs well before significant conversion of (+)-

methamphetamine to (+)-amphetamine occurs.  Furthermore, (+)-methamphetamine 

bound to mAb is protected from metabolism.  For these reasons, it is not likely that the 

conversion of (+)-methamphetamine to (+)-amphetamine is limiting the ability of the mAb 

to block (+)-methamphetamine self administration, especially within the first few minutes 

of the session. 

 The effects of mAb6H8 on (+)-methamphetamine self-administration occurred 

rapidly.  Both increases (Figure 5) and decreases (Figure 6) in self-administration occur 

early in the session.  The time course of the block of 0.01 mg/kg doses of (+)-

methamphetamine by mAb6H8 was very similar to the time course of effects when 
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saline was substituted for the drug, suggesting that mAb6H8 was producing an 

extinction-like effect of the self administration of the 0.01 mg/kg unit dose. 

 A puzzling observation in the present experiments, is the lack of difference in the 

effectiveness of mAb6H8 and mAb6H4 as pharmacokinetic antagonists of (+)-

methamphetamine.  The initial experiments were performed with mAb6H8 which has a 

KD of 250 nM for (+)-methamphetamine.   When only a partial antagonism of (+)-

methamphetamine was achieved with mAb6H8, it was anticipated that a more complete 

antagonism would be obtained using a mAb with a significantly higher affinity for (+)-

methamphetamine.  mAb6H4 has a more than a 20-fold greater affinity (11 nM) for (+)-

methamphetamine than mAb6H8, yet there appeared to be little difference in the 

effectiveness of the two mAb at the doses we tested.  Factors other than the affinity of 

the drug for the mAb must contribute to the ability of anti-methamphetamine mAb to 

block (+)-methamphetamine self administration.   

 To our knowledge, no other laboratory has demonstrated effectiveness of an 

anti-methamphetamine mAb in blocking (+)-methamphetamine self administration.  

Although the current mAb decreased the self-administration of only the lowest unit dose 

of (+)-methamphetamine, the data clearly demonstrate the potential feasibility of using 

passive administration of an mAb to block the self administration of a drug for which no 

pharmacotherapy is currently available.   
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    FIGURE LEGENDS 
 
Figure 1.  Number of self-administered injections of 0.06 mg/kg unit doses of (+)-

methamphetamine before and after the administration of 1 g/kg mAb6H8, and the 

number of self-administrations when saline was substituted for 0.06 mg/kg unit doses of 

(+)-methamphetamine.  The antibody was administered on Day 0 approximately 3 hr 

after the daily self-administration session.  Saline substitution for (+)-methamphetamine 

decreased self-administration (days 1-7, unfilled circles and days 8-13, filled circles), but 

pretreatment with mAb6H8 increased (+)-methamphetamine self-administration (days 1-

7 filled circles).  The unfilled circles on days 8-13 show that the baseline rates of (+)-

methamphetamine self administration could be recovered after extinction.   Each point 

represents the mean of single observations in four rats.  The brackets are standard 

errors.   The statistical tests compared rates of responding on the last four days before 

mAb6H8 with rates of responding on the first four days after mAb6H8. 

 
 
 
Figure 2.  Number of self-administered injections of (+)-methamphetamine (top frame) 

and total dose of (+)-methamphetamine self administered (bottom frame) at various unit 

doses of (+)-methamphetamine.  All rats were trained to self-administer 0.06 mg/kg unit 

doses of (+)-methamphetamine under a FR 3 schedule, after which the unit doses were 

varied.  Data represent stabilized performance at each unit dose.  Each point represents 

a mean from data collected from four or more rats.  Brackets show standard errors.  Not 

all rats were exposed to all of the unit doses. 

 

Figure 3.  Self-administered injections of 0.01 to 0.06 mg/kg unit doses of (+)-

methamphetamine before and after administration of 1 g/kg mAb6H8 plotted as a 

percentage of the baseline mean rate of injection (last four days before mAb 
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administration).  The mAb was administered intravenously on Day 0 approximately 3 hrs 

after the daily (+)-methamphetamine self-administration session.  The last frame shows 

the effect of saline substitution for 0.06 mg/kg unit doses of (+)-methamphetamine to 

allow comparisons of the effect of the antibody with the effect of saline substitution.  The 

baseline self-administered dose averaged for all animals for the four days before 

antibody administration is shown near the origin of the abscissa and ordinate of each 

frame.  Each point represents a mean of single observations in three or four rats.  The 

brackets around each point are standard errors.  For points without brackets, the 

standard error was so small it was encompassed by the point.  The statistical tests 

compared rates of responding on the last four days before mAb6H8 with rates of 

responding on the first four days after mAb6H8. 

 

Figure 4.  Self-administered injections of 0.01 to 0.06 mg/kg unit doses of (+)-

methamphetamine before and after administration of  mAb6H4 plotted as a percentage 

of the mean baseline rate of injections (last 4 days before mAb administration).  The 

mAb was administered intravenously on Day 0 approximately 3 hours after the (+)-

methamphetamine self-administration session.  The first column of the figure shows the 

effects of 1 g/kg doses of mAb6H4 and the second column shows the effects of lower 

doses of mAb6H8.  The baseline self-administered dose averaged for all animals for the 

four days before antibody administration is shown near the origin of the abscissa and 

ordinate of each frame.   Each point represents the mean of single observations in three 

to six rats.  The brackets around each point are standard errors.  For points without 

brackets, the standard error was so small it was encompassed by the point. The 

statistical tests compared rates of responding on the last four days before mAb6H8 with 

rates of responding on the first three days after mAb6H8. 
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Figure 5.   A comparison of the time course of the effects on the self administration of a 

0.06 mg/kg unit dose of (+)-methamphetamine of pretreatment with mAb6H8 or 

substation of saline for (+)-methamphetamine (extinction).  In the top frame, the unfilled 

circles show the pattern of self-administration of a 0.06 mg/kg unit dose of (+)-

methamphetamine before mAb6H8 and the filled circles show the pattern of self-

administration of the same unit dose of (+)-methamphetamine after mAb6H8.  In the 

bottom frame, the filled circles show the pattern of self-administration of a 0.06 mg/kg 

unit dose of (+)-methamphetamine and the unfilled circles show the effects of 

substituting saline for (+)-methamphetamine in these same rats.  Each point represents 

the mean of single observations in three (bottom frame) or four (top frame) rats.  The 

brackets around each point are standard errors.  For points without brackets, the 

standard error was so small it was encompassed by the point.    

 

Figure 6.   A comparison of the time course of  the self administration of a 0.01 mg/kg 

unit dose of (+)-methamphetamine before and after administration of mAb6H8.  The 

filled circles show the pattern of self-administration of the 0.01 mg/kg unit dose of (+)-

methamphetamine before antibody administration and the unfilled circles show how 

pretreatment with 1 g/kg mAb6H8 affects the self-administration of the 0.01 mg/kg unit 

dose of methamphetamine.  All points are based on single observations in each of three 

rats.  The brackets around each point are standard errors.  For points without brackets, 

the standard error was so small it was encompassed by the point.    
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