
JPET #050690 

 1

 

 

 

 

 

Transfer of L-acetylmethadol (LAAM) and L-acetyl-N-normethadol  

(norLAAM) by the Perfused Human Placental Lobule 

 

 

Tatiana N. Nanovskaya, Sujal V. Deshmukh, Rachel Miles*, Steve Burmaster**, 

and Mahmoud S. Ahmed 

 

 

 

 

 

 

 

 

Department of Obstetrics & Gynecology, University of Texas Medical Branch, 

Galveston, Texas

Copyright 2003 by the American Society for Pharmacology and Experimental Therapeutics.

JPET Fast Forward. Published on April 3, 2003 as DOI:10.1124/jpet.103.050690This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 2

Running title: Transplacental transfer of opiates: LAAM and norLAAM 

Corresponding author: Mahmoud S. Ahmed, PhD, Department of Obstetrics & 

Gynecology, University of Texas Medical Branch, 301 University Blvd, Galveston, TX 

77555-0587; Telephone number: (409) 772-0977; Fax number: (409) 772-5297; E-mail: 

maahmed@utmb.edu 

 

Number of text pages: 19 

Number of tables: 3 

Number of figures: 4 

Number of references: 26 

Number of words in the Abstract: 238 

Number of words in the Introduction: 572 

Number of words in the Discussion: 1,454 

 

Abbreviations: LAAM, levo-α-acetylmethadol; norLAAM, levo-α-acetyl-N-

normethadol, dinorLAAM, levo-α-acetyl-N, N-dinormethadol; BUP, buprenorphine; 

TRf, fetal transfer rate; CFv, venous fetal concentrations; CMa, arterial maternal 

concentrations; CLm, maternal clearance; Qf, fetal perfusion rate; Cl index, clearance 

index; HPLC, high performance liquid chromatography; AP, antipyrine; hCG, human 

chorionic gonadotropin; CYP, cytochrome P450 

 

Recommended section assignment: Other or Absorption, Distribution, Metabolism & 

Excretion 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 3

Abstract 

 

The agonists buprenorphine (BUP) and L –acetylmethadol (LAAM) were introduced as 

alternatives to methadone for treatment of the adult opiate addict. The direct and indirect 

effects of these drugs on normal fetal growth and development are currently under 

investigation in our laboratory. The goal of this report is to provide part of the data 

necessary to assess the safety of LAAM in treatment of the pregnant opiate addict. To 

achieve this goal, the technique of dual perfusion of placental lobule was utilized to 

determine the kinetics for transplacental transfer of LAAM and its effects on the viability 

and functional parameters of the tissue. LAAM is rapidly metabolized to the 

pharmacologically active norLAAM that was also included in this investigation. The two 

opiates were transfused at their plasma levels in patients under treatment, a concentration 

of 35 ng/ml. The drugs exhibited similar pharmacokinetic profiles characterized by an 

initial phase of distribution into placental tissue followed by their low transfer to the fetal 

circuit. During the 4-hour experimental period, the transfused tissue retained significant 

amounts of LAAM and norLAAM and neither drug was metabolized. LAAM did not 

affect placental tissue viability and functional parameters. However, norLAAM caused a 

significant decrease in the release of hCG. At this time, it is unclear if a similar effect for 

norLAAM may occur in vivo and if so, what would the consequences be on its role in 

implantation and normal fetal growth and development. 
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Methadone has been the only drug available for treatment of the adult opiate addict until 

buprenorphine (BUP) and L-α-acetylmethadol (LAAM) were introduced. Methadone has 

also been used in treatment of the pregnant opiate addict for several decades and became 

the standard of care for this patient population. Reports on clinical trials for treatment of 

the latter patient population with BUP showed that it was well tolerated by the woman 

and neonatal abstinence syndrome was mild to non-existent (Fischer, et al., 2000).  A 

recent report from our laboratory indicated that BUP, in the concentration range tested, 

did not have any effect on placental tissue viability and functional parameters and its 

transfer to the fetal circulation was very low (Nanovskaya et al., 2002). On the other 

hand, LAAM has been used for treatment of the adult opiate addict since 1993. However, 

to the best of our knowledge, reports on its safety and or use in treatment of the pregnant 

opiate addict have not been made.  Results of controlled clinical trials indicated that 

LAAM is as effective as methadone in reducing illicit heroin use in the adult patient 

(Eissenberg et al., 1997; Oliveto et al., 1998). The effectiveness, efficacy, cost of its use, 

safety, advantages and draw backs in treatment of the adult patient were the subject of 

many reports and review articles, to mention two; Prendergast, 1995 and Finn et al., 

1997. 

LAAM is a synthetic analog of methadone with long-acting mu-agonist properties. It has 

a slow rate of elimination allowing it’s dosing three times per week and hence increasing 

patient compliance.  

LAAM undergoes extensive and rapid first-pass metabolism by two demethylation 

reactions to L-α-acetyl-N-normethadol (norLAAM) and levo-α-acetyl-N, N-

dinormethadol (dinorLAAM) leading many to consider the parent compound as a pro-
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drug (Billings et al 1973).  LAAM and norLAAM are predominantly metabolized in 

human liver and intestine by microsomal cytochrome P450 3A4 (Neff et al., 2001; Oda et 

al., 2001a; Oda et al., 2001b; Moody et al., 1997). In vivo and in vitro studies revealed 

that norLAAM posses greater opiate activity and longer duration of action than LAAM 

whereas dinorLAAM is less active than the parent compound (Nickander et al., 1974; 

Horng et al., 1976, Vaupel and Jasinski, 1997, Smits, 1974, Walczak et al., 1981).  

Plasma levels of norLAAM and dinorLAAM remain higher for longer periods of time 

than those for methadone, thus delaying the onset of withdrawal symptoms (Blaine et al., 

1981). 

A drug administered to a pregnant woman may cross the placenta to the fetal circulation 

and, depending on its concentration, could cause direct pharmacological or toxic effects 

to the fetus.  Alternatively, the drug may affect placental functions thus causing an 

indirect effect on the fetus. Therefore, in order to assess the potential of LAAM in 

treatment of the pregnant woman, it is crucial to determine its direct and indirect effects 

that are impossible to obtain from in vivo investigations due to safety and ethical 

considerations.  Also, there are no data from animal models on the effects of LAAM 

during pregnancy and it should be noted that they could not be extrapolated to human 

because of the fundamental differences in placental anatomy and functions. 

The goal of this investigation is to determine the concentration of LAAM and norLAAM 

in the fetal circulation as well as their effects on the viability and functions of placental 

tissue. To achieve this goal, the technique of dual perfusion of term human placental 

lobule was utilized. 
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Methods 

 

Dual Perfusion of Placental lobule:  Experimental details of the technique as used in 

our laboratory (Nanovskaya et al., 2002) were identical to those described by Miller et 

al., 1993. Briefly, each placenta was obtained from a full term uncomplicated pregnancy 

and examined for tears. Vessels supplying a single peripheral cotyledon were cannulated 

with umbilical catheters and the selected lobule was placed, maternal side up, in the 

perfusion chamber. Perfusion was initiated by inserting two catheters into the intervillous 

space on the maternal side.  The perfusate was made of tissue culture medium M 199 

(Sigma, St. Louis, MO) supplemented with Dextran 40 (7.5 g/L in the maternal and 30 

g/L in the fetal perfusate), glucose, 1g/L, heparin, 25 IU/ml, gentamicin sulfate, 40 mg/L, 

sulfamethoxazole and trimethoprim, 80 and 16 mg/L respectively.  The fetal perfusate 

was equilibrated with 95% N2, 5% CO2 and the maternal with a mixture of 55% O2, 5% 

CO2 and the balance nitrogen.  A solution of 7.5 per cent (w/v) sodium bicarbonate was 

used to adjust the pH to 7.4.  The temperature of the perfusates and the chamber was 

maintained at 37oC.  The fetal and maternal flow rates were 2.8-3.2 and 10-12 ml/min 

respectively. 

 

Experimental protocol:  Each placenta was perfused for an initial period of two hours in 

absence of the opiate (control period) to evaluate the physical integrity of the tissue. The 

experiment was terminated if one or more of the following was observed: the pressure in 

fetal artery exceeded 50 mmHg, a loss of > 2 ml/hr or a difference between the fetal vein 

and artery < 60 mmHg (inadequate perfusion overlap between the two circuits). During 
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the initial control period (2 hours), 250 µl samples were taken from the maternal reservoir 

every 30 minutes to determine the viability and functional parameters and establish its 

base line levels for each placenta/experiment. Subsequently, the experimental period was 

initiated by replacing the perfusion medium in both the maternal (250 ml) and the fetal 

(150 ml) circuits with fresh media and 8.75 µg of either LAAM or norLAAM added to 

the maternal reservoir thus achieving a final concentration, 35 ng/ml.  Antipyrine (AP, 20 

µg/ml) was used as a marker for the transfer of an inert compound across the placental 

tissue and as a reference to account for interplacental variations. The radioactive isotopes 

[3H]-LAAM, 38.71 Ci/mmol and [3H]-norLAAM, 6.68 Ci/mmol were prepared by the 

Research Triangle Institute and provided to us as a gift from the National Institute on 

Drug Abuse. [14C]-AP, 9.3 mCi/mmol was purchased from Sigma, St. Louis, MO. Each 

radioactive isotope was added to the maternal reservoir (1.5 µCi) to increase the detection 

limits of the compounds and allow the simultaneous determination of the opiate and AP 

by scintillation counting. Samples were collected at 0, 5, 10, 15, 20, 25, 30, 40, 50, 60, 

90, 120, 150, 180, 210 and 240 minutes from both the maternal and fetal circuits. The 

concentration of LAAM, norLAAM and AP was determined in 0.5 ml aliquots of the 

perfusates using a liquid scintillation analyzer (Packard instruments, Downers Grove, IL). 

The results obtained represented the transfer of free drugs because no protein (e. g 

albumin) was added to the perfusates. 
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Transplacental transfer and distribution of LAAM and norLAAM: The amount of 

LAAM and norLAAM added to the maternal reservoir results in a final concentration of 

(35 ng/ml). This concentration of the two opiates was chosen because it is similar to that 

reported for their plasma levels in patients receiving a dose of 20-40 mg of LAAM 

(Walsh et al., 1998). In all experiments reported here, this concentration of LAAM and 

norLAAM was used irrespective of the type of perfusion system utilized. The latter was 

dictated by the kinetics parameter to be determined.  

 

Open-open System (both the maternal and fetal circuits are not re-circulated):  This type 

was utilized to determine the transfer rates of LAAM and norLAAM under steady state 

conditions and is considered most suitable for comparing the pharmacokinetic parameters 

of different compounds. The transfer parameters were calculated according to the 

following equations: (Bourget et al., 1995). 

Fetal Transfer Rate (TRf) = [CFv/CMa] x 100(%), where CFv and CMa are venous fetal 

and arterial maternal concentrations of the opiates; Maternal Clearance (CLm) = 

(CFv/CMa) x Qf (ml/min), where Qf is the fetal perfusion rate; Clearance index (Cl 

index) = TRf opiate/ TRf AP. 

 

Closed-Open System (the maternal circuit only is re-circulated): This type was utilized 

to determine the elimination half-life (t1/2) and the elimination rate constant. The 

concentration-time curve (AUC) for the maternal circuit was analyzed by non-linear 

regression with non-compartmental method (PCNONLIN soft ware, Statistical 

Consultant Inc., Lexington, KY). 
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Closed-Closed System (the maternal and fetal sides are re-circulated): This type is 

considered the closest simulation of in vivo conditions and was utilized to determine the 

distribution of the opiates between the tissue, maternal and fetal circuits. At the end of 

each experiment, the perfused region of the tissue (white in color) was dissected, 

weighed, and homogenized in saline. An aliquot of the homogenate (1 ml) was incubated 

in the dark with 1 ml of 1M NaOH for 12 hours at 60°C. Scintillation fluid (8 ml) was 

then added and the radioactivity determined. At the end of each experiment, 0.5 ml 

aliquots from the maternal and fetal reservoirs were obtained and the radioactivity of the 

remaining opiate determined by liquid scintillation. 

 

Concentration of the free drugs: The binding of [3H]-LAAM and [3H]-norLAAM to 

dextran was determined by gel filtration on desalting columns of Sephadex G-25. The 

data obtained indicated that the amounts of [3H]-LAAM and [3H]-norLAAM bound to 

dextran were negligible (less than 0.5%).  

 

The effects of LAAM and norLAAM on the tissue’s viability and functional 

parameters:  Samples of 250 µl were collected from the maternal reservoir every 30 

min, centrifuged at 1000xg for 10 min at 4oC and the supernatant stored at –70oC until 

the concentrations of glucose, lactate and human chorionic gonadotropin (hCG) were 

determined as described earlier (Nanovskaya et al., 2002). The values obtained from 

these assays were used to assess placental tissue viability and function. During the 

experiment, samples were also collected every 30 min from both circuits and analyzed 
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immediately for their content of pH, pO2, and pCO2 using a blood gas analyzer 

(Instrumentation Laboratory, model 1620, Milan, Italy). The values recorded during the 

experimental period were compared to those of base line levels established during the 

control period as well as for the same time points (total of 6 hours) in control placentas 

perfused under identical conditions but without the addition of any drugs. The viability 

and normal physiological functions of the perfused lobule was validated by its 

consumption of glucose and oxygen, lactate production and release of the hormone hCG. 

Our laboratory has established a range of values for the above mentioned parameters in 

control placentas that are in agreement with those of other laboratories namely, glucose 

consumption and lactate release were between 0.18 - 0.68 and 0.20 – 0.77 µmol/min.g 

respectively.  The values for oxygen consumption depended on the thickness of the tissue 

and lobule size (Schneider, 1995). 

 

Metabolism of LAAM and norLAAM: Tritiated LAAM and norLAAM are (-)- [1,2- 

3H - α- Acetylmethadol and Acetyl-N-normethadol. The enzyme-catalyzed demethylation 

of LAAM to norLAAM or the latter to dinorLAAM yields products that retain their 

tritiated atoms.  Extraction of LAAM and norLAAM from placental tissue, the maternal 

and fetal perfusates was carried out as described by Moody et al., 1997. Briefly, the two 

opiates were extracted with n-butyl chloride and the organic layer evaporated by a steam 

of nitrogen at 40oC. The dried residue was dissolved in 0.5 ml of the mobile phase 

utilized in high performance liquid chromatography (HPLC).  The mobile phase was 

methanol / water, 80/20, v/v containing 3.5 g/L (NH4)2CO3 and  0.1% triethylamine.  The 

stationary phase was a C-18 column and the opiates were eluted at a flow rate of 1 
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ml/min and monitored at a wavelength of 224 nm.  The HPLC system used was a Varian 

Star system (Varian Inc.) consisting of a Varian 9021 solvent module, an auto sampler 

model 9095 and a UV-VIS detector connected in series with a Schoeffer Instrument 

model 970 fluorescence detector (McPherson) attached to a Hewlett-Packard model 3395 

integrator. Fractions of 1 ml were collected from the system and analyzed for their 

radioactivity using a liquid scintillation spectrometer. Retention times for LAAM and 

norLAAM standards were determined under identical conditions. The specific activity of 

LAAM and norLAAM under the experimental conditions used were 620 and 390 

dpm/ng, respectively that allowed a high detection limits of any metabolite formed during 

the 4-hour experimental period. 

 

Statistical Analysis:  All values reported are expressed as mean ± standard deviation 

(SD). Statistical significance of the differences observed between LAAM and norLAAM 

groups and between the control and experimental periods were calculated by two-tailed t-

test. One way repeated measures ANOVA was applied to calculate statistical significance 

in continuous measurements as in the effect of the drug on placental viability and 

functional parameters with time of perfusion. 
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Results 

 

Transplacental transfer of LAAM and norLAAM:  The technique of dual perfusion of 

term human placental lobule was used in three of its types to determine the kinetics for 

transplacental transfer of the opiates, their distribution of the opiates into the 

fetoplacental unit as well as their effects on the viability and functional parameters of the 

tissue. Values reported for each parameter are the mean of several experiments/placentas 

as indicated in the figure legends. 

 

Open-open system.  This type was utilized to determine the transfer rates of LAAM and 

norLAAM under steady state conditions.  Antipyrine was Co-transfused with each of the 

two opiates to normalize the transfer rates and account for interplacental variations.  The 

pharmacokinetic profile for AP in this type of perfusion system was described in detail in 

a previous report from our laboratory (Nanovskaya et al., 2002). 

 

In each experiment, either LAAM or norLAAM was added to the maternal reservoir to 

achieve a final concentration of 35ng/ml. Under the steady state conditions of an open-

open system, the concentration of LAAM and norLAAM in the maternal artery was 34.5 

± 1.43 and 35.9 ± 2.15 ng/ml respectively.  It is apparent from Fig 1 A&B that LAAM 

and norLAAM were transferred from the maternal artery across the placental tissue to the 

fetal vein within the initial 10 minutes of their transfusion. The lag time for LAAM was 

7.1±1.7 and for norLAAM 6.8±1.4 minutes. During the following 50 minutes, the 

concentration of LAAM and norLAAM in the fetal circuit exhibited a steady increase and 
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reached a maximum after 90 minutes for the former and 60 minutes for the latter and 

remained constant until the end of the experimental period of 2 hours. The fetal transfer 

rates for the two opiates during the latter period of time were noticeably different, 17.4 ± 

6 % for LAAM and 26.9 ± 7 % for norLAAM. Upon normalization of these values with 

the transfer rate of AP in each placenta, the difference between the resulting clearance 

indexes of the two opiates reached statistical significance (p < 0.05, Table 1) indicating 

that the amount of norLAAM transferred to the fetal circuit is higher than that for 

LAAM.  

Closed-open system.  Transfusion of LAAM and norLAAM in this type of system 

creates sink conditions in the fetal circuit. These conditions resemble in vivo elimination 

of the drugs assuming that they are metabolized and or excreted by the fetoplacental unit. 

AP was Co-transfused with each opiate as a reference compound. 

 

During the initial 60 minutes following the transfusion of either opiate, a steep decline in 

its concentration in the maternal artery was observed and was more rapid than that for 

AP. During the second hour of perfusion, the decline in the concentration of AP 

continued at approximately the same rate while that for the opiates became much slower 

reaching a plateau during the last two hours of the experiment. It is interesting to note 

that the continuous decline in the concentration of AP in the fetal vein is in agreement 

with that expected for sink conditions. On the other hand, the slow decline in the 

concentration of the two opiates in both the fetal vein and maternal artery can be 

explained by their release from the placental tissue. It is apparent that the decline in the 

concentration of LAAM and norLAAM in the maternal circuit exhibited a biphasic 
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pattern, rapid during the initial 60 minutes (distribution phase) then very shallow 

thereafter (elimination phase, Fig 2B&C). Our calculations revealed a mean half-life (t1/2) 

of 458 ± 93.8 min and an elimination rate constant (kel) of 1.5 ± 0.4 h-1 for LAAM.  For 

norLAAM the (t1/2) was 357 ± 52.0 min and the (kel) was 2.0 ± 0.3 h-1. On the other 

hand, the (t1/2) for AP was 154 ± 29.9 min and the (kel) was 4.6 ± 1.0 h-1. These data 

suggest that placental tissue act as a depot for the opiate during its initial phase of 

distribution, i.e. shortly after administration, then the drug is slowly released into the 

circulation. 

 

Closed-closed system:  Researchers in the field agree that using the technique of dual 

perfusion of placental lobule with re-circulation of both perfusates is the closest available 

simulation of in vivo conditions.  Other advantages for the closed-closed system include 

determining the kinetics for distribution of the drug between the tissue and the two 

circuits as well as accumulation of the metabolites formed during the experimental 

period. In each experiment, either LAAM or norLAAM was added to the maternal 

reservoir, to achieve a final concentration of 35ng/ml. 

 

It is apparent from figures 3A&B that the decline in the concentration of LAAM and 

norLAAM in the maternal artery is biphasic, rapid in the initial 30 minutes and slower 

during the following second phase until equilibrium is reached.  It should be noted that 

the time needed to attain equilibrium was <60 minutes for norLAAM and 90 minutes for 

LAAM and the difference is likely due to their lipophilic properties. 
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It was also apparent from our data that there was a rapid drop in the initial amounts of 

LAAM and norLAAM in the maternal artery. The drop was very noticeable and 

corresponded to 51.5±12.1% of the initial concentration for LAAM and 65.1±4.6% for 

norLAAM. It is also very clear that the amounts of opiates disappearing from the 

maternal circuit were not observed in the fetal i.e. no quantitative transplacental transfer. 

A similar observation was made earlier in our laboratory for BUP and was then compared 

to the decline in the concentration of AP from the maternal circuit that was 

simultaneously accompanied by its quantitative appearance in the fetal circuit 

(Nanovskaya et al., 2002). For LAAM, the amount transferred to the fetal circuit 

represented 8.9±2.4% while that retained by the placental tissue corresponded to the 

remaining 42.6±9.6%. Similarly, the distribution of norLAAM was 54.9±4.7% in the 

tissue and the remainder 10.1±2.0% in the fetal vein. 

 

These data indicate that the administration of either opiate is followed by a period of 

rapid uptake and accumulation by the placenta.  It appears that the placenta retains most 

(80%) of the opiate lost from the maternal circuit and the remaining (20%) is transferred 

to the fetal circuit.  

 

The effects of LAAM and norLAAM: The viability and functional parameters of a 

dually perfused placental lobule were/are determined in control experiments. These 

biochemical parameters are determined during a 6-hour perfusion period in one placenta 

every 3 weeks and the range for the data obtained represent the “control” values for our 

laboratory (see methods). In addition, the initial 2-hour period of each experiment is a 
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control for a specific placenta and the values obtained for the viability and functional 

parameters represent the base line for the perfused lobule i.e. each placenta acts as its 

own control. Therefore, any changes in the base line values of the viability and functional 

parameters during transfusion of the opiates would represent their effects. The viability 

parameters are: oxygen delivery, transfer and consumption; glucose utilization and lactate 

production. The parameter for placental function is hCG release. 

 

Transfusion of LAAM did not affect oxygen delivery, transfer and consumption during 

the experimental period. This data indicates that each placenta had adjusted to the ex vivo 

conditions during the control period, had adequate oxygen supply during the control and 

experimental periods and was not affected by the transfused opiates (Table 2). 

 

The effect of LAAM on glucose utilization, lactate production and hCG release indicated 

a downward trend with time and consistent with that for control placentas (Table 3). 

These data suggest that placental tissue exposed to LAAM for 4 hours was not adversely 

affected. 

 

The effects of norLAAM on the viability and functional parameters of the tissue 

indicated that it did not affect oxygen delivery, transfer and consumption despite of the 

observed decrease in the values of the latter. On the other hand, its effects on glucose 

utilization and lactate production during the third and fourth hours of perfusion were 

pronounced and the difference in their values from control was statistically significant. 

These data indicate that the opiate has affected the tissue’s metabolic activity. In addition, 
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the statistically significant decrease in hCG release during the transfusion of norLAAM 

suggests that at least one of the tissue’s physiological functions may have been adversely 

affected (Fig 4).  Taken together, this data indicates that norLAAM had adverse effects 

on the tissue’s viability and functional parameters. 

 

Metabolism of LAAM and norLAAM:  Each opiate at its final concentration of 

35ng/ml in the maternal reservoir was Co-transfused with its tritiated isotope (1.5µCi) in 

a closed-closed system to allow accumulation of the formed metabolite and maximize its 

detection limit.  Identification of the metabolites formed was achieved by their retention 

times on an HPLC C-18 column.  The retention time for standards of LAAM, norLAAM 

and dinorLAAM under the experimental conditions described in methods were 19, 10, 

and 7 minutes, respectively. 

 

In experiments/placentas where LAAM was transfused for 4 hours, norLAAM and 

dinorLAAM were not detected in the tissue, maternal or fetal circuits.  Also, when 

norLAAM was transfused, dinorLAAM was not detected.  Since the tritium atom of the 

transfused isotope is retained in the formed metabolite as well as the lack of its detection 

by scintillation spectrometry in the HPLC fractions corresponding to the retention times 

of their standards, it can be concluded that the tissue does not metabolize the opiates 

during 4 hours of perfusion.  
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Discussion 

Currently, the drugs available for treatment of the adult opiate addict are methadone, 

BUP and LAAM. However, pregnancy can occur while a woman is abusing opiates or 

under treatment from addiction. Methadone has been the only drug available for 

treatment of the pregnant opiate addict during the last five decades. Data on its successes 

and limitations were the subject of numerous reports and review articles. More recently, 

reports on the use of BUP in clinical trials for treatment of the pregnant opiate addict 

were made.  Comparisons between maternal and neonatal outcome of women treated 

with BUP and methadone indicated that the former might have advantages over the latter.  

LAAM is the other alternative to methadone that has been used for treatment of the adult 

opiate addict since 1993 (Jones, et al, 1998, Johnson, et al, 2000).  However, to the best 

of our knowledge, reports on the use of LAAM in treatment of the pregnant woman are 

scarce to non-existent.  In addition, data on its direct and indirect effects on normal fetal 

growth and development are also lacking. The goal of this investigation was to provide 

part of the information needed to assess the safety of LAAM in treating the pregnant 

opiate addict. To achieve this goal, the concentration of LAAM and norLAAM in the 

fetoplacental unit and their effects on placental tissue was determined by utilizing the 

technique of dual perfusion of term human placental lobule. 

The long-acting properties of LAAM are based on the pharmacology of its two 

metabolites (norLAAM and dinorLAAM). NorLAAM is 15-200 times more potent than 

LAAM in binding assays (Nickander et al., 1974) and 6-12 times more potent in vivo 

(Vaupel and Jasinski, 1997). On the other hand, in vivo investigations of dinorLAAM 

suggested that it is less potent than LAAM (Smits, 1974, Walczak et al., 1981). However, 
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dinorLAAM was reported as being 1.5-3 times more potent than LAAM in binding 

assays (Nickander et al., 1974). The rapid demethylation of LAAM during its first-pass 

metabolism led several investigators to consider it as a pro-drug.  Therefore, it was 

equally important to determine the concentration of norLAAM in the fetal circuit and its 

effects on the tissue.  

LAAM and norLAAM were added to the maternal reservoir to achieve a final 

concentration of (35ng/ml) i.e. comparable to their concentration in the adult patients 

after administration of a therapeutic dose (20-40 mg) of LAAM (Walsh et al., 1998). 

Transplacental transfer of a compound can be due to its intrinsic properties e.g. partition 

coefficient in oil or extrinsic such as placental age, type of transport across a biological 

membrane i.e. by passive, active or facilitated diffusion. Passive diffusion depends on the 

flow rate of the solute on both sides of the membrane (flow limited) and the latter on the 

presence of a selective transporter protein in the biological membrane (membrane 

limited).  In the experiments cited in this report, the ratio of maternal to fetal flow rate is 

4.4 as compared to the in vivo ratio of 5.7. 

Other factors influencing drug transfer in the ex vivo system used is placement of the 

catheters into the intervillous space to simulate the maternal circuit as well as its degree 

of overlap with the fetal circuit.  To normalize the data obtained from each experiment 

and account for interplacental variations, the inert marker compound antipyrine was Co-

transferred with each opiate in every experiment. 

Placental transfer of compounds from maternal to fetal circulation is a two-stage process: 

(a) uptake by the trophoblast tissue; (b) transfer from the tissue to the fetal circulation 

(Sastry, 1999). It is interesting to note that transfer of less lipophilic compound 
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norLAAM (logP 3.90) to fetal circulation in our experiments was higher than that for 

LAAM (logP 4.27). This finding is in agreement with our previous observation that the 

fetal transfer rate of the most lipophilic compound BUP (log P 5.10) was only 11% 

(Nanovskaya, 2002).   

An examination of the pharmacokinetic profiles for LAAM and norLAAM indicated 

similarities in their rates of distribution and elimination.  During the initial phase of 

distribution, there was a rapid decline in the concentration of each opiate in the maternal 

circuit. In the following elimination phase, the decline in their concentration was very 

shallow (Fig. 2B, 2C). It should be noted that the initial sharp decline in concentration of 

the opiates was not accompanied by their appearance in the fetal circuit in 

contradistinction to AP that was detected in the latter immediately (Fig. 2A). In addition, 

the elimination constants for LAAM (kel=1.5 h-1) and norLAAM (kel=2.0 h-1) were 

significantly (p<0.01) lower than that for AP (kel=4.6 h-1). Taken together, these data 

indicate that the opiates were rapidly distributed into, and sequestered by, the placental 

tissue then subsequently slowly released in the maternal and fetal circuits. 

The role of the placenta as a depot for LAAM and norLAAM is illustrated by the ratio of 

the drug sequestered by the tissue to that in the maternal and fetal circuits.  These ratios 

were: For LAAM, Tissue/Maternal 15.8±1.7 and Tissue/Fetal 20.2±4.6; for norLAAM: 

Tissue/Maternal, 18.2±7.7 and Tissue /Fetal, 24.6±9.04. It can be speculated, on basis of 

these data, that upon administration of LAAM to a pregnant addict, hepatic enzymes will 

biotransform the drug rapidly to norLAAM (first pass metabolism) and subsequently the 

placental tissue would retain and accumulate both opiates.  It should be mentioned here 

that human placenta undergoes maturation and structural changes during gestation and 
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data obtained from a model system utilizing the tissue at term may not be extrapolated to 

earlier periods. 

In general, drugs administered during pregnancy could have an adverse effect on 

placental viability and or physiological functions and consequently an indirect effect on 

fetal development.  In the ex vivo model system utilized, the consumption of oxygen and 

glucose as well as the production of lactate serve as indicators for the effects of LAAM 

and norLAAM on the normal metabolic activity of the tissue. On the other hand, the 

release of hCG during the experimental period, as compared to the control, is used as an 

indicator of placental function. These viability and functional parameters were not 

affected by the transfusion of 35 ng/ml of LAAM for a period of 4 hours indicating that 

LAAM does not have any detectable adverse effects on placental tissue. 

On the other hand, norLAAM caused a decrease in the rates of glucose utilization and 

hCG release during the third and fourth hours of its transfusion. The effect of norLAAM 

on hCG release was more pronounced (20% of the control). Earlier reports have 

established that there is a very wide range for the amounts of hCG released by individual 

placentas both in vivo (Alfathan & Stenman, 1990) and in vitro (Cemerikic et al, 1991) 

i.e. the amounts of the hormone released is an inherent property of the placenta.  

Accordingly, the amounts of hCG released during transfusion of the opiates were 

expressed as a percent of that during the last hour of the control period. At this time, it is 

difficult to speculate on whether the observed effects of norLAAM in the ex vivo model 

system could occur in vivo and if so whether their effects will be more or less 

pronounced. 
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The metabolism of LAAM and norLAAM by a placental lobule during their perfusion for 

4 hours was investigated.  In experiments where either LAAM or norLAAM was 

transfused for 4 hours, their respective metabolites norLAAM and dinorLAAM were not 

detected at the nanogram level. However, the lack of detectable metabolic activity for the 

tissue under our experimental conditions cannot be extrapolated to the in vivo conditions 

since both opiates would have greater access to the placental metabolic enzymes in the 

latter (Wiegand et al., 1984). 

 

In summary, the transfusion of LAAM at a concentration comparable to its peak plasma 

levels, following administration of a therapeutic dose, does not seem to adversely affect 

placental tissue viability and functional parameters.  Placental tissue retains most (80%) 

of the administered LAAM and only a fraction (20%) is transferred to the fetal circuit.  

On the other hand, LAAM is biotransformed in vivo to norLAAM by first-pass 

metabolism leading to higher serum levels of the latter than the parent compound.  

Therefore, it is likely that placental tissue would be exposed to increasing concentrations 

of norLAAM following the administration of a therapeutic dose of LAAM.  Data 

obtained in this investigation indicate that fetal transfer rate of norLAAM is almost twice 

that of LAAM and the former can have adverse effects on the placental viability and 

functional parameters as determined in the ex vivo system used. Taken together, it is 

likely that administration of LAAM to a pregnant woman would result in higher 

concentrations of norLAAM than LAAM in placental tissue and in the fetal circulation. It 

is unclear at this time whether the observed adverse effects for norLAAM on placenta 

tissue would also occur in vivo. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 23

Acknowledgments 

 

The authors appreciate the support of the National Institute on Drug Abuse drug supply 

program for providing LAAM and norLAAM.  The assistance of the medical staff, the 

Chairman’s Research Group and the office of Publication/Grant & Media Support of the 

Department of Obstetrics and Gynecology are greatly appreciated.  

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 24

References 

 

Alfthan H and Stenman UH (1990) Pregnancy serum contains the β-core fragment of 

human choriogonadotropin. J Clin Endocrinol Metab 70:783-787. 

 

Billings RE, Booher R, Smits S, Pohland A and McMahon RE (1973) Metabolism of 

acetylmethadol. A sensitive assay for noracetylmethadol and the identification of a new 

metabolite. J Med Chem 16:305–306. 

 

Blaine JD, Thomas DB, Barnett G, Whysner JA and Renault PF (1981) Levoalpha-

acetylmethadol (LAAM): Clinical Utility and Pharmaceutical Development (Lowinson 

JH and Ruiz P eds) pp 360–388, Williams & Wilkins, Baltimore. 

 

Bourget P, Roulot C and Fernandez H (1995) Models for placental transfer studies of 

drugs. Clin Pharmacokinet 28:161–180. 

 

Cemerikic B, Cheng J, Agbas A, and Ahmed MS (1991) Opioids regulate the release of 

human chorionic gonadotropin hormone from trophoblast tissue. Life Sci 49:813-824. 

 

Eissenberg T, Bigelow GE, Strain EC, Walsh SL, Brooner RK, Stitzer ML and Johnson 

RE (1997) Dose-related efficacy of levomethadyl acetate for treatment of opioid 

dependence: A randomized clinical trial. JAMA 277:1945–1951. 

 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 25

Finn P, Mat M and Wilcock K (1997) Levo-alpha acetyl methadol (LAAM). Journal of 

Substance Abuse Treatment 14:559–564. 

 

Fischer G, Rolley JE, Eder H, Jagsch R, Peternell A, Weninger M, Langer M, and 

Aschauer HN (2000) Treatment of opioid-dependent pregnant women with 

buprenorphine. Addiction 95:239-244.  

 

Horng JS, Smits SE and Wong DT (1976) The binding of optical isomers of methadone, 

a-acetylmethadol and their N-demethylated derivatives to the opiate receptors of rat 

brain. Res Commun Chem Pathol Pharmacol 14:621-629. 

 

Johnson RE, Chutuape MA, Strain EC, Walsh SL, Stitzer ML and Bigelow GE (2000) A 

comparison of levomethadyl acetate, buprenorphine, and methadone for opioid 

dependence. N Engl J Med 343:1332–1334. 

 

Jones HE, Strain EC, Bigelow GE, Walsh SL, Stitzer ML, Eisseberg T and Johnson RE 

(1998) Induction with levomethadyl acetate: Safety and efficacy. Arch Gen Psychiatry 

55:729–736. 

 

Miller RK, Wier PJ, Zavislan J, Maulik D, Perez-D’Gregorio R, di Sant’Agnese PA, 

Shah Y and Neth-Jessee L (1993) Human dual placental perfusions: criteria for toxicity 

evaluations, in Methods in Toxicology (Heindel JJ and Chapin RE eds) pp 205–245, 

Academic Press, New York. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 26

 

Moody DE, Alburges ME, Parker RJ, Collins JM and Strong JM (1997) The involvement 

P450 3A4 in the n-demethylation of L-α-acetylmethadol (LAAM), norLAAM, and 

methadone. Drug Metab Dispos 25:1347–1353. 

 

Nanovskaya T, Deshmukh S, Brooks M and Ahmed MS (2002) Transplacental transfer 

and metabolism of buprenorphine. J Pharmacol Exp Ther 300:26–33. 

 

Neff JA and Moody DE (2001) Differential N-demethylation of l-alpha-acetylmethadol 

(LAAM) by cytochrome P450s 2B6, 2C18, and 3A4. Biochem Biophys Commun 

284:751–756. 

 

Nickander R, Booher R and Miles H (1974) Alpha-l-acetylmethadol and its N-

demethylated metabolites have potent opiate action in the guinea pig isolated ileum. Life 

Sci 14:2011–2017. 

 

Oda Y and Kharasch ED (2001a) Metabolism of levo-alpha-acetylmethadol (LAAM) by 

human liver cytochrome P450: Involvement of CYP3A4 characterized by atypical 

kinetics with two binding sites. J Pharmacol Exp Ther 297:410–422. 

 

Oda Y and Kharasch ED (2001b) Metabolism of methadone and levo-alpha-

acetylmethadol (LAAM) by human intestinal cytochrome P450 3A4 (CYP3A4): 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 27

Potential contribution of intestinal metabolism to presystemic clearance and 

bioactivation. J Pharmacol Exp Ther 298:1021–1032. 

 

Oliveto AH, Farren C and Kosten TR (1998) Effect of LAAM dose on opiate use in 

opioid-dependent patients: A pilot study. Am J Addict 7:272–282. 

 

Prendergast ML, Grella C, Perry SM, Anglia MD (1995) Levo-alpha-acetylmethadol 

(LAAM) Clinical, research, and policy issues of a new pharmacotherapy for opioid 

addiction. Journal of Psychoactive Drugs 27:239-247. 

 

Sastry BVR (1999) Techniques to study human placental transport. Adv Drug Deliv Rev 

38:17-39. 

 

Schneider H (1995) Techniques: In vitro perfusion of human placenta, in Placental 

Toxicology (Sastry, BVR, ed) pp1-26, CRC Press, Boca Ratan, Fl. 

 

Smits SE (1974) The analgesic activity of alpha-l-acetylmethadol and two of its 

metabolites in mice. Res Commun Chem Pathol Pharmacol 8:575-578. 

 

Vaupel DB and Jasinski DR (1997) L-alpha-Acetylmethadol, L-alpha-acetyl –N-

normethadol and L-alpha-acetyl-N, N dinormethadol: Comparisons with morphine and 

methadone in suppression of the opiod withdrawal syndrome in the dog. J Pharmacol 

Exp Ther 283:833-842. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 28

 

Walczak SA, Makman MH and Gardner EL (1981) Acetylmethadol metabolites 

influence opiate receptors and adenylate cyclase in amygdala. Eur J Pharmacol 72:343-

349. 

 

Walsh SL, Johnson RE, Cone EJ and Bigelow GE (1998) Intravenous and oral L-α-

acetylmethadol: Pharmacodynamics and pharmacokinetics in humans. J Pharmacol Exp 

Ther 285:71–82. 

 

Wiegand UW, Chou RC, Maulik D and Levy G (1984) Assessment of biotransformation 

during transfer of propoxyphene and acetaminophen across the isolated perfused human 

placenta. Pediatric Pharmacology 4:145-153. 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 29

Footnotes 

 

*University of Missouri–Kansas City School of Pharmacy 

**Quintiles, Inc, Kansas City 

Supported by a grant from the National Institute on Drug Abuse to MSA (DA 13431). 

This article has not been copyedited and formatted. The final version may differ from this version.
JPET Fast Forward. Published on April 3, 2003 as DOI: 10.1124/jpet.103.050690

 at A
SPE

T
 Journals on M

ay 22, 2023
jpet.aspetjournals.org

D
ow

nloaded from
 

http://jpet.aspetjournals.org/


JPET #050690 

 30

Figure Legends 

 

Figure 1 

Concentrations of LAAM (A) and norLAAM (B) in the maternal and fetal circuits of a 

placental lobule perfused under steady state conditions (open-open) for 2 h. LAAM and 

norLAAM (n=4 placentas for each) crossed the placenta rapidly achieving fetal transfer 

rates of 17.4±6% and 26.9±7% after 90 min and 60 min respectively. 

 

Figure 2 

The concentration-time curves for transplacental transfer of the perfused drugs in a 

closed-open system were compared.  The terminal part of the elimination phase in the 

maternal and fetal circuits exhibits a monophasic continuous decline for AP (A) while for 

LAAM (B) and norLAAM (C) it is biphasic for the maternal circuit. Figure inserts are an 

expanded y-axis to illustrate the concentrations of the drugs in the fetal circuit (n=4 

placentas for each opiate). 

 

Figure 3 

Transfer of LAAM (A) and norLAAM (B) across human placenta in a closed-closed 

system during 4 h of perfusion.  A rapid decline (50%) in the concentration of the opiates 

in the initial 30 minutes of the transfusion was not accompanied by their appearance in 

the fetal circuit, suggesting their retention by placental tissue (n=6 placentas for LAAM 

and 5 for norLAAM). 
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Figure 4 

The effects of LAAM and norLAAM on the rate of hCG release from trophoblast tissue 

(n=6 placentas for each).  The rate of hCG release during the experimental period was 

expressed as a percentage of that during the control period which was set at 100%.  A 

statically significant decrease in the release of hCG was observed in the placentas 

perfused with norLAAM. 
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TABLE 1 

 

The pharmacokinetic parameters for LAAM and norLAAM in an open-open system. 

Values are the mean for four placentas ± SD. 

 

Parameters LAAM NorLAAM 

Lag time (min) 7.15 ± 1.75 6.81 ± 1.46 

Fetal transfer rate (%) 17.4 ± 5.80 26.9 ± 6.77 

Clearance (ml/min)  0.531 ± 0.13 0.821 ± 0.18 

Clearance index  0.492 ± 0.11 0.799 ± 0.07* 

*p < 0.05. 
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TABLE 2 

 

Effects of LAAM and norLAAM on oxygen delivery, transfer and consumption during 

the 4-hour experimental period relative to the initial 2-hour control period (no opiates). 

Each value represents the mean of at least six placentas ± standard deviation. 

The values for initial 2-h control period were set as 100%. 

O2 delivery O2 transfer O2 consumption   

Experimental 

Period 

(ml/min.kg) 

% of 

Control 

period 

Experimental 

Period 

(ml/min.kg) 

% of 

Control 

period 

Experimental 

Period 

(ml/min.kg) 

% of 

Control 

period 

LAAM 

60 min 

120 min 

180 min 

240 min 

 

12.51 ± 4.56 

13.17 ±  2.49 

12.55 ± 3.21 

13.78 ± 3.39 

 

 

96 

101 

96 

106 

 

0.405 ± 0.11 

0.389 ± 0.16 

0.354 ± 0.02 

0.413 ± 0.01 

 

107 

103 

94 

109 

 

4.74 ± 2.67 

4.96 ± 0.68 

5.27 ± 1.45 

5.48 ± 2.57 

 

88 

91 

97 

101 

norLAAM 

60 min 

120 min 

180 min 

240 min 

 

 

12.41 ± 5.25 

13.16 ± 5051 

12.70 ± 4.16 

12.17 ± 4.01 

 

97 

103 

99 

95 

 

0.450 ± 0.21 

0.364 ± 0.22 

0.482 ± 0.21 

0.468 ± 0.10 

 

88 

71 

94 

91 

 

3.44 ± 1.13 

3.88 ± 1.75 

3.47 ± 1.25 

3.15 ± 1.69 

 

75 

84 

75 

68 
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TABLE 3 

 

Effect of the LAAM and norLAAM on the viability parameters of the tissue during the 4- 

hour experimental period relative to the initial 2-hour control period. 

Each value represents the mean of at least six placentas ± standard deviation. 

The values for initial 2-h control period were set as 100%. 

Glucose Consumption Lactate Production  

Experimental 

Period 

(µmol/min.g) 

% of Control 

period 

Experimental 

Period 

(µmol/min.g) 

% of Control 

period 

LAAM 

60 min 

120 min 

180 min 

240 min 

 

 

0.278 ± 0.16 

0.231 ± 0.09 

0.229 ± 0.14 

0.210 ± 0.13 

 

95 

78 

77 

70 

 

0.364 ± 0.16 

0.321 ± 0.12 

0.338 ± 0.14 

0.298 ± 0.10 

 

97 

86 

83 

80 

norLAAM 

60 min 

120 min 

180 min 

240 min 

 

 

0.391 ± 0.11 

0.341 ± 0.13 

 0.228 ± 0.09* 

 0.205 ± 0.06* 

 

103 

90 

60 

54 

 

0.365 ± 0.12 

0.339 ± 0.07 

 0.261 ± 0.11* 

 0.230 ± 0.09* 

 

91 

84 

65 

57 

*p < 0.05. 
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