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LETTERS TO THE EDITOR

Some physico-chemical properties of amphetamine and
related drugs

Pharmacokinetic studies of the amphetamine-like drugs have predominantly been
made by using urinary excretion data (Beckett & others, 1968, 1969). The urinary
excretion of amphetamine and related drugs depends largely on the lipid solubility
of the undissociated form which amount is in turn governed by the degree of ioniza-
tion of the drug at the urinary pH. The latter is measured by the pK, value. From
a search of the literature it appeared that only for some amphetamines have pK,
values been determined, whereas information on lipid solubility was even more
scarce. The pKj, values of amphetamine, N-alkyl derivatives and related cNs stimu-
lants were measured according to Leffler, Spencer & Burger (1954) using 0-1 mmol
of the HCI salt of the drug.

The apparent partition coefficient (APC) in chloroform-water and heptane-water
were measured in Teorell buffer of various pH values such that the concentration of
drug in the organic and water layer was roughly the same. The concentrations of
drug were measured by gas chromatography. The apparent partition coefficient at
pH 7-4 and the true partition coefficient (TPC) being the partition coefficient of the

Table 1. Partition coefficients (apparent, APC, true TPC) and pKg values of a
number of amphetamine-like drugs

% APC at TPC
neutral pH 7-4
Drug pKa at pH 7-4 CHCI;-H,0 CHCI-H,0 Hept.—H,0
Phenethylamine .. b,c.e,f 9-88 033 0-075 20-8 0-277
Dexamphetamine .. abe 9:90 0-31 0-48 146 1-88
Methamphetamine .. a,b 10-11 0-19 1-11 565 514
Ethylamphetamine .. .. 10-23 0-15 2:67 1790 38-6
Isopropylamphetamine .. .. 1014 0-18 8-09 4460 117
Propylamphetamine .. .. 9-98 0-26 212 8080 312
Benzylamphetamine .. .. 7-50 44-1 1000 2250 110
Dimethylamphetamine .. b 9-80 0-39 11-5 2890 108
Methylethylamphetamine .. 9-80 0-39 19-0 4760 166
Methylisopropylamphetamine . . 9-45 0-88 100 11300 200
Benzphetamine .. .. e 6-55 872 1000 1400 74-8
Phentermine .. .. .. 10-11 019 1-00 514 632
Mephentermine .. .. .. 1025 0-13 1-22 866 110
Chiorphentermine .. .. 9-60 0-62 4-00 797 175
Norephedrine . .. a 9-55 0-70 0-001 0-035 0-001
Ephedrine .. a,b,d,e 9:60 0.62 0-015 242 0-001
Norpseudoephedrine .. 9-40 1-00 0-001 0-10 0-010
Pseudoephedrine. . .. .. 9-86 0-33 0-070 20-0 0-029
Methylephedrine. . .. a,b 9-30 1-25 1-00 80-6 0912
Phenmetrazine .. .. .. 8-45 8-20 15-60 191 2:15
Phendimetrazine .. . 7-55 44-0 1000 2420 8-92
Propylhexedrine .. .. BN 10-74 0-043 1-11 2360 173
Fenfluramine .. .. . 9-;0 1-96 32-30 1640 678
4-Cl-Amphetamine .. . 9-80 0-39 0-818 206 9-10
Fencamfamine .. .. .. 8-70 4-76 200 4200 110

For compounds for which pKa values have been described the literature reference is indicated.

a: Kisbye (1958); b: Leffler & others (1951); c: Tuckerman & others (1959); d: Brodie &
Hogben (1957); e: Lewis (1954); f: Kappe & others (1965).

Since the error in the estimation of the pKa and the APC is about 1%, the values are given to
3 decimal places.
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peutral base were then computed. The following equation was used :
TPC = APC [1 + 10PKa—rH]

For a number of amphetamine-like drugs the pK, values and partition coefficients,
and also the fraction of neutral base at pH 7-4 are given in Table 1.

Ephedrine and related compounds are relatively strong bases but they have also an
extremely low lipid solubility. It is therefore conceivable that these drugs are
eliminated from the body mainly by urinary excretion. Dexamphetamine and a
number of related drugs are relatively strong bases which implies that at the physio-
logical pH they are more than 999 ionized. The N-alkyl substituted amphetamines
are in general more lipid soluble than the parent compound (see Table 1).

The literature provides evidence that there is both glomerular filtration and tubular
secretion but that tubular reabsorbtion of dexamphetamine under the conditions of
acid urine hardly occurs (Rowland, 1969 ; Beckett, Salmon & Mitchard, 1969). With
higher values of the urine pH the renal clearance is lower indicating that there is
substantial reabsorbtion of dexamphetamine at pH 6-7.

The N-benzyl derivatives have less basic properties such that these drugs are to a
large extent in the neutral form at the physiological pH. The renal clearance is
rather low. Under slightly alkaline conditions such drugs therefore may not be
detected in the urine. Illegal use of e.g. benzphetamine however can still be detected
by urine analysis since these drugs are metabolized to amphetamine.

Other amphetamines such as phenmetrazine, fencamfamine and pipradrol are weak
to moderately strong bases with relatively high lipid solubility. These drugs may not
be excreted by the kidney under strong alkaline conditions. Indeed it has recently
been shown that through the intake of sodium bicarbonate the renal excretion of
fencamfamine can be suppressed completely (Vree & van Rossum, 1969). The find-
ings have serious consequences from the standpoint of the control of doping. It is
however not known what effect the level of alkalinity necessary to prevent excretion
(pH 7-8 for some drugs) has on the performance of the subject taking the alkali. In
general, athletes excrete acid urine so the presence of alkaline urine would certainly
raise suspicion that suppression of excretion was being attempted.

Department of Pharmacology, T. B. VREE
Catholic University Medical School, A. TH. J. M. MUSKENS
Geert Grooteplein 21 noord, J. M. vaN RossuM

Nijmegen, The Netherlands.
July 15, 1969

REFERENCES

BECkETT, A. H., BoYEs, R. N. & TriGas, E. J. (1968). J. Pharm. Pharmac., 20, 92-97.
BeCKETT, A. H., Bovss, R. N. & Tucker, G. T. (1968). Ibid., 20, 269-276.

BeckerT, A. H., Boves, R. N. & TuckEr, G. T. (1968). Ibid., 20, 277-282.

BECKETT, A. H., SALMON, J. A. & MITCHARD, M. (1969). Ibid., 21, 251-258.

BRrODIE, B. B. & HOGBEN, A. M. (1957). Ibid., 9, 345.

KaApPPE, T. & ARMSTRONG, M. D. (1965). J. mednl Chem., 8, 368-374.

KisBYE, J. (1958). Pharm. Weekblad., 93, 206-215.

LEFFLER, E. B., SPENCER, H. M. & BURGER, A. (1951). J. Am. chem. Soc., 73, 2611-2613.
Lewis, G. P. (1954). Br. J. Pharmac. Chemother., 9, 488-493.

RowLAND, M. (1969). J. pharm. Sci., 58, 508-509.

TUCKERMAN, M. M., MAYER, J. R. & NacHOD, F. C. (1959). J. Am. chem. Soc., 81, 92-94,
VREE, T. B. & Rossum, J. M. VAN (1969). Europ. J. Pharmac. In the press.



