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Mammary excretion of cannabidiol in rabbits after intravenous administration 
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Abstract-The present study examined the distribution of canna- 
bidiol into milk after an intravenous bolus injection (3 mg kg-') to 
lactating rabbits. Drug concentrations in milk and serum were 
measured by HPLC. Cannabidiol was excreted into milk rapidly 
and the drug levels in milk increased over a 4-24-h period following 
the maternal injection. The mean milk to serum concentration ratio 
was 25.9, indicating a significant accumulation of the drug in milk. 

Marijuana (cannabis, hashish) is a natural substance (Cannabis 
saliva) that is used for its hallucinogenic effects. Cannabidiol 
(CBD) and Ag-tetrahydrocannabinol (THC) constitute the 
major cannabinoids found in marijuana. Unlike THC, CBD 
possesses relatively little psychoactive and cardiovascular 
properties (Perez-Reyes et a1 1973) but inhibits hepatic 
metabolism of drugs (antipyrine and barbiturates) mediated 
by hepatic mixed function oxidase enzymes (Paton & Pertwee 
1972; Benowitz & Jones 1981). CBD appears to be effective in 
treating patients with Niemann-Pick disease (Burstein et a1 
1984) and seizure patients refractory to anti-epileptic drugs 
such as phenytoin and primidone (Carlini & Cunha 1981). 
The anticonvulsant activity of CBD has been suggested to be 
due to its inhibitory effects on the hepatic metabolism of 
concurrently administered anti-epileptic drugs (Carlini & 
Cunha 1981). CBD is known to inhibit hepatic microsomal 
cytochrome P4503A (Bornheim & Correia 1990) and testoster- 
one oxidation at the 2a-, 16a- and 17P-positions in male rat 
liver (Narimatzu et a1 1990). 

THC has been extensively studied for its pharmacological 
and pharmacokinetic properties, including newborn complica- 
tions, placental transfer and mammary transport (Briggs et a1 
1990). In man, THC crosses the placenta to the foetus and 
accumulates in milk (Perez-Reyes & Wall 1982; Blackyard & 
Tennes 1984). Although a few reports have examined the 
metabolism and pharmacokinetic disposition of CBD (Martin 
et a1 1977; Siemens et a1 1980; Samara et a1 1988,1990; Harvy & 
Brown 1991), there is no information available on either the 
mammary excretion of CBD during lactation or foetal exposure 
during pregnancy in man or animals. CBD (mol.wt 314.5) is 
highly lipophilic and is, therefore, likely to be excreted into 
milk. The purpose of the present study is to examine the 
distribution of CBD into milk after intravenous injection into 
lactating rabbits. 

Materials and methods 

Four pregnant New Zealand White rabbits (mean (* s.d.) body 
weight = 5.2 f 0.5 kg, N 1 year of age) were purchased and 
maintained iii a temperature-controlled animal facility with 
12 h/12 h light/dark cycle. The animals were housed in a whelp- 
ing cage with a nesting box approximately seven days before the 
due date (gestation = 30-32 days). The day of whelping was 
considered to be postpartum day 0. CBD (3 mg kg-I) dissolved 
in 70% ethyl alcohol was injected as an intravenous bolus to the 
lactating rabbits via the left marginal ear vein (20-27 days 
postpartum). Lactating mothers were separated from their 
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offspring overnight before dosing. At approximately -0.5, 
0.5, 1, 2, 4, 8, 12, 24 and 36h after injection, serial blood 
samples (0.6mL) were taken from the lactating rabbits by 
venipuncture from the right ear vein and milk samples 
(0.3 mL) by gentle manual expression. Exact sampling times 
were recorded. Harvested serum and milk samples were kept at 
-20°C until drug analysis. CBD concentrations in serum and 
milk were determined by a modified HPLC method reported 
previously (Samara & Bialer 1987). The chromatographic 
system consisted of a Shimadzu LC-1OAS pump, SPD-IOAV 
UV detector, CR501 Chromatopac integrator and Rheodyne 
injector. Briefly, 25 pL THC (10 pgmL-', internal standard), 
200 pL methanol and 300 pL of phosphate buffer (pH 7.4) were 
added to milk or serum (1OOpL). After addition of 2mL 
hexane, CBD was extracted on a vortex mixer for lmin. 
Following centrifugation at 4000 rev min-' for 5 min, the 
organic layer was transferred to a fresh tube and dried under 
nitrogen. The residue was reconstituted in 50pL methanol and 
a portion (20pL) was injected into the chromatograph. CBD 
was eluted on a Microsorb-MV CI8 reverse phase column using 
a mobile phase consisting of acetonitrile : methanol : H,O 
(7: 1 : 2) and was detected at 230 nm. Drug concentrations 
were measured as the mean of duplicate samples. 

Results 

Typical chromatograms of rabbit milk and serum extracts are 
presented in Fig. 1. Under the assay conditions used, the 
retention times were 4.7 and 9.7min for CBD and THC, 
respectively. Calibration curves were linear (rZ > 0.99) for 
milk and serum extracts over the CBD concentration range of 
0.05- 10 pg mL-' . The minimal detectable concentration for 
CBD was 0.05pgmL-' using 0.1 mL sample volume. Fig. 2 
shows the average CBD concentration-time profiles in milk and 
serum following an intravenous bolus injection (3 mg kg-I). 
Milk CBD concentrations increased over a 4-24-h period 
after injection. CBD concentrations in serum declined rapidly, 
with an average (f s.d.) apparent half-life of 1.4 f 1.2 h. Drug 
concentrations in serum samples collected between 8 and 36 h 
were not measured as the levels quickly decreased below the 
detection limit. Milk to serum drug concentration ratios ranged 
from 4.3 to 51.9 as a function of sampling time, indicating 
extensive and time-dependent accumulation (Fig. 3). 

Discussion 

To our knowledge, the present study reports the distribution of 
CBD in milk for the first time. The drug accumulated in rabbit 
milk significantly (mean milk to serum ratio = 25.9) and was 
eliminated slowly. Previous reports indicate that following 
intravenous bolus injection, CBD plasma concentrations 
initially decrease rapidly and CBD is eliminated at a much 
slower rate (Siemens et a1 1980; Samara et a1 1988). The 
terminal elimination half-life of CBD has been reported as 
10.9h in the rat (Siemens et a1 1980) and 6.8h in the dog 
(Samara et a1 1988). In the present study, it was not possible to 
characterize fully the pharmacokinetic profiles of the drug due 
to the limited number of samples taken during the elimination 
phase. The apparent serum half-life of 1.4h determined in this 
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FIG. 1. Chromatograms obtained from (a) blank serum, (b) serum 
containing 0.5ygmL-' cannabidiol (CBD, Rt = 4.7 min) and 
2.5 pgmL-' A -tetrahydrocannabinol (THC, Rt = 9.7 min), (c) 
blank milk and (d) milk obtained 4 h after intravenous injection 
of cannabidiol (3mg kg-') to a lactating rabbit. 

study may be an underestimate and appears comparable with 
an initial distribution half-life (1.3 h) found in the rat. 

A structurally related cannabinoid, THC, has been extensively 
studied for its pharmacological activities, placental transfer, 
newborn complications and mammary transport (Burstein 
1973; Brigs et a1 1990). Perez-Reyes & Wall (1982) reported an 

€ 

0.01 

Q 10 20 30 40 

Time (h)  
FIG. 2. Average (& s.d.) cannabidiol serum (0) and milk (0) 
concentration-time profiles obtained after an intravenous bolus 
injection (3 mg kg-I) to lactating rabbits (n = 4). 
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FIG. 3. Plot of the average (& s.d.) milk to serum cannabidiol 
concentration ratios as a function of time after intravenous injec- 
tion of a 3 mg kg-I bolus dose to four lactating rabbits. 

8.4-fold accumulation of A9-THC in human breast milk in 
comparison with the level in plasma 1 h after marijuana smok- 
ing. There are other reports on the excretion of THC in milk in 
rats and monkeys (Jakubovic et a1 1973; Chao et a1 1976). 
Although no comparisons were made between milk and plasma 
levels, milk drug levels appeared to reach a plateau at - 2-4 h 
after drug administration in rats and squirrel monkeys. Both 
CBD and THC are highly lipophilic and highly bound to serum 
proteins. At present, it is unclear as to why the plateau milk levels 
of CBD in rabbits were obtained at - 4-24 h. Nonetheless, the 
present study clearly indicates an extensive accumulation of CBD 
in milk. It is possible that suckling pups, upon maternal ingestion, 
may be exposed to CBD via breast feeding. Assuming an average 
milk CBD concentration of 4pgmL-' and a daily milk yield of 
200mL in New Zealand White rabbits at 25 days of lactation 
(Cowie 1969), the accumulation of CBD in milk over a 24-h 
period after intravenous dosing may account for up to 5.1% of 
the maternal dose per litter. Based on an average litter size of 
seven, the amount of CBD ingested by a suckling rabbit pup 
appears to be small (0.7% of the maternal dose). However, the 
extent of neonatal exposure may be increased significantly after 
the dose is normalized for the difference in body weight. Assum- 
ing an average neonatal body weight of 0.25 kg at 25 days of age, 
pup dose may approach 15.2% of the maternal dose normalized 
to the maternal body weight (3mgkg-I). In the rabbit pup, 
systemic drug clearance (CL) and serum protein binding are 
often diminished (McNamara et a1 1991, 1992). Since the 
steady-state drug concentration (Css) is determined by the 
systemic clearance (Css = dosing rate/CL), the reduced clearance 
in the pup may result in increased steady-state total (bound and 
unbound) drug concentrations. Neonatal drug exposure may be 
further increased when comparisons are made between mother 
and neonate for the unbound, pharmacologically active drug 
concentrations, due to the altered binding in the pup. Therefore, 
in assessing the neonatal pharmacodynamics of CBD via breast 
feeding, one should consider not only the absolute neonatal dose, 
but also possible alterations in systemic drug clearance and serum 
protein binding. 

In summary, the present study reports a significant and time- 
dependent accumulation of CBD in milk of lactating rabbits 
after intravenous administration. 



928 COMMUNICATIONS 

This study was supported by a grant from the University of 
South Carolina Research and Productive Scholarship Fund. 

References 
Benowitz, N. L., Jones, R. T. (1981) Cardiovascular and metabolic 

considerations in prolonged cannabinoid administration in man. 
J.  Clin. Phannacol. 21: 214-223 

Blackyard, C., Tennes, K. (1984) Human placental transfer of 
cannabinoids. N. Engl. J.  Med. 311: 797 

Bornheim, L. M., Correia, M. A. (1990) Selective inactivation of 
mouse liver cytochrome P-450IIIA by cannabidiol. Mot. 
Pharmacol. 36: 319-326 

Briggs, G. G., Freeman, R. K., Yaffe, S. J. (1990) Marijuana. In: 
Briggs, G. G., Freeman, R. K., Yaffe, S. J. (eds) Drugs in 
Pregnancy and Lactation. 3rd edn, Williams and Wilkins, 
Baltimore, pp 374-384 

Burstein, S. H. (1973) Labelling and metabolism of the tetrahydro- 
cannabinol~. In: Mechoulam, R. (ed.) Marijuana, Chemistry, 
Pharmacology, Metabolism and Clinical Effects. Academic 
Press, New York, pp 167-190 

Burstein, S. H., Hunter, S. A., Renzulli, L. (1984) Stimulation of 
sphingomyeh hydrolysis by cannabidiol in fibroblasts from a 
Niemann-Pick patient. Biochem. Biophys. Res. Commun. 121 : 

Carlini, E. A,, Cunha, J. M. (1981) Hypnotic and antiepileptic 
effects of cannabidiol. J. Clin. Pharmacol. 21: 417s-427s 

Chao, F., Green, D. E., Forrest, I. S., Kaplan, J.  N., Winship-Ball, 
A. (1976) The passage of ''C-A-9-tetrahydrocannabinol into the 
milk of lactating squirrel monkeys. Res. Commun. Chem. Pathol. 
Pharmacol. 15: 303-3 17 

Cowie, A.T. (1969) Variations in the yield and composition of the 
milk during lactation in the rabbit and the galactopoietic effect of 
prolactin. J. Endocrinol. 44: 437-450 

Harvy, D. J. ,  Brown, N. K. (1991) Comparative in vitro metabolism 
of the cannabinoids. Pharmacol. Biochem. Behav. 40: 533-540 

Jakubovic, A., Hattori, T., McGeer, P. L. (1973) Radioactivity in 

168-1 74 

suckled rats after giving ''C-tetrahydrocannabinol to the mother. 
Eur. J. Pharmacol. 22: 221-223 

Martin, B. R., Harvey, D. J., Paton, D. M. (1977) Biotransforma- 
tion of cannabidiol in mice. Drug Metab. Dispos. 5: 259-267 

McNamara, P. J., Burgio, D., Yoo, S. D. (1991) Pharmacokinetics 
of acetaminophen, antipyrine, and salicylic acid in the lactating 
and nursing rabbit, with model predictions of milk to serum 
concentration ratios and neonatal dose. Toxicol. Appl. 
Pharmacol. 109: 149-160 

McNamara, P. J., Burgio, D., Yoo, S. D. (1992) Pharmacokinetics 
of caffeine and its demethylated metabolites in lactating adult 
rabbits and neonatal offspring. Drug Metab. Dispos. 20: 302-308 

Narimatzu, S., Watanabe, K., Matsunaga, T., Yamamoto, I., 
Imaoka, S., Funae, Y., Yoshimura, H. (1990) Inhibition of 
hepatic cytochrome P450 by cannabidiol in adult male rats. 
Chem. Pharm. Bull. 38: 1365-1368 

Paton, W. D. M., Pertwee, R. G. (1972) Effect of cannabis and 
certain of its constituents on pentobarbitone sleeping time and 
phenazone metabolism. Br. J. Pharmacol. 44: 250-261 

Perez-Reyes, M., Wall, M. E. (1982) Presence of A-9-tetrahydro- 
cannabinol in human milk. N. Engl. J. Med. 307: 819-820 

Perez-Reyes, M., Timmons, M. C., Davis, K. M., Wall, E. M. (1973) 
A comparison of the pharmacological activity in man of 
intravenously administered A9 tetrahydrocannabinol, canna- 
binol, and cannabidiol. Experientia 29: 1368- 1369 

Samara, E., Bialer, M. (1987) Rapid high-performance liquid 
chromatographic assay with pharmacokinetic application for 
monitoring cannabidiol in plasma. J. Chromatogr. Biomed. 

Samara, E., Bialer, M., Mechoulam, R. (1988) Pharmacokinetics of 
cannabidiol in dogs. Drug Metab. Dispos. 16: 469-472 

Samara, E., Bialer, M., Harvey, D. J.  (1990) Identification of 
urinary metabolites of cannabidiol in the dog. Drug Metab. 
Dispos. 18: 571-579 

Siemens, A. J., Walczak, D., Buckley, F. E. (1980) Characterization 
of blood disappearance and tissue distribution of [3H] canna- 
bidiol. Biochem. Pharmacol. 29: 462-464 

Appl. 416: 370-374 

J. Pharm. Pharmacol. 1994,46: 928-930 
Received February 7, 1994 
Accepted April 18, 1994 

0 1994 J. Pharm. Pharmacol. 

Comparison of distribution of brush-border exo- and endopeptidases in 
rat and rabbit intestine 

JANE P. F. BAI,  college of Pharmacy, University of Minnesota, 308 Harvard St. S.E., Minneapolis, MN 55455, USA 

Abstract-The distribution of brush-border endopeptidase-2, 
aminopeptidase W, carboxypeptidase P, and aminopeptidase P 
along the rat and rabbit intestine was examined. In both species, 
aminopeptidases P and W increased distally and reached the highest 
in the ileum; their activities in the ileo-caecal junction were the 
lowest. Endopeptidase-2 had a uniform intestinal distribution in 
both species with the highest activity in the ileum and little activity 
in the ileo-caecal junction or caecum. With a distribution similar to 
that of endopeptidase-2, carboxypeptidase P also had high activity 
in the ileum in rats and rabbits. 

From the point of view of drug delivery, brush-border membrane 
peptidases metabolically h i t  intestinal absorption of peptide 
and peptidiomimetic drugs; release drugs from prodrugs by 
cleaving the amide bond between the drug and progroup; and 
digest controlled-release systems, of which polymeric materials 
are polypeptides, to release drugs. Therefore, a knowledge of 
longitudinal distribution of brush-border peptidases is important 
for the rational delivery of drugs and peptide drugs. 

There are several endo- and exopeptidases in the intestine; the 

distribution of some of them in rabbits, rats and man has been 
reported (Auricchio et a1 1978; Skovbjerg 1981; Sterchi 1981; 
Miura et a1 1983; Bai 1993a). However, the distribution of 
aminopeptidase P, aminopeptidase W, endopeptidase-2, and 
carboxypeptidase P in rat and rabbit intestine has not been 
compared. In this study, the distribution of these brush-border 
enzymes along the rat and rabbit intestine is compared and their 
activities in the caecum or ileo-caecal junction are also examined. 

Materials and methods 

Materials. Benzyloxycarbonyl-Pro-Ala, benzyloxycarbonyl- 
Pro, Ala, Glu-Trp, insulin B-chain, 1 ,lo-phenanthroline, phos- 
phoramidon, MnC12, Tris, Tyr-D-Ala-Gly, and pentobarbitone 
were obtained from Sigma Chemical Co. (St Louis, MO). Arg- 
Pro-Pro was from Bachem Bioscience Inc. (Philadelphia, PA). 
Cilastatin was a gift from Dr Helmut Krop (Merck Sharp and 
Dohme Research Laboratories, Rahway, NJ). Bovine y-globu- 
lin and dye reagent for the protein assay were obtained from Bio- 
Rad Laboratories (Richmond, CA). All other chemical reagents 


