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The genetic control of phenformin 4-hydroxylation
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SUMMARY Previously published results of phenformin 4-hydroxylation in 195 unrelated white
British volunteers and 87 family members of 27 randomly selected probands have been subjected
to genetic analysis. The results clearly show that about 9% of this population has a genetically
determined defect in carrying out this oxidation reaction. The character for the defect is inherited
in a Mendelian autosomal recessive fashion. The polymorphism shows a substantial degree of
dominance.

A polymorphism in the alicyclic 4-hydroxylation of
the hypotensive drug debrisoquine has been
described.' The study of selected families has
indicated that poor hydroxylators of debrisoquine
are autosomal Mendelian recessives, while the
extensive hydroxylators are dominant.2
Phenformin is a biguanide that was formerly used

as an oral hypoglycaemic agent in maturity onset
diabetes. It is rapidly absorbed in man and metabol-
ised exclusively by p-hydroxylation to a single
metabolite, 4-hydroxy-phenformin.3 The unchanged
drug and its metabolite are cleared from the blood
virtually exclusively by the kidneys. About two-
thirds of an oral dose is excreted in the urine within
eight hours as the unchanged drug plus its
metabolite.
The purpose of the present work was to ascertain

whether or not the hydroxylation of phenformin was
controlled by a genetic polymorphism.
The study was approved by the Ethics Committee

of St Mary's Hospital, London, and every partici-
pant gave his or her fully informed consent.

Methods
VOLUNTEERS
A total of 195 unrelated volunteers participated in
the study. These were recruited from the staff and
students of St Mary's Hospital and Medical School.
More than a week later, 51 of these 195 volunteers,
selected at random, were studied again. A total of
87 close relatives of 27 of these 51 volunteers, again
selected at random, also participated in the study.
*Present address: Department of Cardiology. King Fahad General Hospital.
PO Box 204, Al Baha, Kingdom of Saudi Arabia.
Received for publication 3 April 1984.
Accepted for publication 23 November 1984.

All of the volunteers and their close relatives were in
good general health.

EXPERIMENTAL PROCEDURE
Each subject was asked to swallow a single 50 mg
dose of conventionally formulated phenformin
(Dibotin®, Sterling Winthrop Laboratories, Guild-
ford, UK) after an overnight fast. No other medica-
tions were allowed either before or during the study.
A bulked 0 to 8 hour urine sample was collected
after dosing, and after recording the total volume of
urine voided an aliquot sample was stored at -20°C
for later analysis.

ANALYSIS OF URINE
On analysis, each urine sample was allowed to thaw
at room temperature and the concentrations of
phenformin and 4-hydroxy-phenformin determined.
The details of the analytical method are described
elsewhere.4
From the urinary excretion of unchanged drug

and 4-hydroxy-phenformin, an index of its oxidation,
termed the phenformin ratio (PR), was derived as
follows:

PR - % oral dose excreted as phenformin in the
% oral dose excreted as 4-hydroxy- 0 to 8
phenformin hour

urine.

This ratio is entirely analogous to the 'metabolic
ratio' used in the studies on the oxidation of
debrisoquine. This index not only allows estimation
of drug oxidation capacity but it also avoids the
complications arising from differences in total urin-
ary recovery of drug related products.
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Results

The 195 volunteers included 7
females. The mean (and range

The cumulative frequency distribution of PR in
the population deviated significantly from a straight
line on both untransformed and semilogarithmic

.@0 * scales.5 The latter plot showed an inflection between
PR values of 10 and 35. The appearance of the

.: . * * histogram suggested a bimodal distribution with an

antimode at about PR=20, separating those with
extensive metabolic capacity (PR<20) from those
with impaired metabolic capacity (PR> 20). These
were considered to represent two phenotypes, desig-
nated respectively EM (extensive metaboliser) and
PM (poor metaboliser).5
Evidence that the phenotype difference is not

related to age, weight, height, or total recovery of
parent drug plus metabolite, nor to sex, smoking, or

alcohol consumption, is shown in tables 1 and 2.

100 The 27 probands for the family studies had a

estimate frequency distribution curve not significantly diffe-
rati in 5subjects.rent from that of the population of 195 subjects (fig

r7ato in 51 subieCtS. 2). Details of these families (27 probands plus 86

97) family members) have previously been published
but without genetic analysis5 (fig 3). The index
numbers used here are the same as in the previous
publication. One additional sib of the proband in

'2 males and 123 family 7 consented later to participate. She had a PR
-s) of their ages, of 4-5 and is included in the calculations that follow.

weights, and heights were 22-3 (18 to 52) years, 63-4
(41 to 146) kg, and 1705 (152 to 198) cm,
respectively. The urinary recovery of phenformin
plus 4-hydroxy-phenformin varied from 9-8 to
89-6% of the ingested dose. There was also a
marked interindividual variation in phenformin
oxidation capacity as judged by the phenformin
ratio which ranged from 0-9 to 184. The details of
the volunteers together with their corresponding
urinary recoveries of phenformin and 4-hydroxy-
phenformin and phenformin oxidation capacity have
previously been published.5 6

The repeatability experiment on 51 subjects
where PR was measured on two separate occasions
yielded a Spearman rank correlation, rs, of 0-97
(p<0.0001) (fig 1).

If p = frequency of the allele controlling extensive
oxidation of phenformin and

q = frequency of the allele controlling impaired
oxidation of phenformin,

application of the Hardy-Weinberg equilibrium
enables these frequencies to be calculated in the
following way, on the assumption that poor metabo-
lisers are autosomal Mendelian recessives. From the
original population of 195 volunteers, 18 subjects
had PR> 20; therefore q = ,/ = 0-304 and p

0*696. Using the formula given by Emery7 the
standard errors have been calculated as:

q = 0*304±0.034
p = 0*696±0-026.

TABLE 1 Relationship of PR phenotype to age, body weight, height, and urinary recovery of phenformin.

Measurement Phenotype Number Mean SD Range t p

Age (y) EM 177 22-3 4s9 18-52 0-53 NS
PM 18 22.9 5-2 19-38 03 N

Body weight (kg) EM 177 62.7 12s5 41-146 1-63 NS
PM 18 59-9 6-1 53-74

Height (cm) EM 177 170 6 8-3. 152-198 0-79 NS
PM 18 169-0 7-9 155-188

Urinary recovery of phenformin EM 177 42-3 13-9 98-89-6 0.08 NS
(% of ingested dose) PM 18 42-1 9.7 168-56.4
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TABLE 2 Relationship of PR phenotvpe to sex, smoking,
and alcohol consumption.

Characteristic Phenotylpe p1

EM PM

Male 67 5 103 N
Female 110 13 1() NS
Smoker 47 4 0(31 NS
Non-smoker 130 14
Alcohol consumer 165 17 NS
Alcohol non-consumer 12 1

These population estimates of allelle frequencies
together with the data from the 25 complete two
generation family units (two of the 27 families, Nos
14 and 15, had one parent each missing) were used
to test firstly that the matings were random, and
secondly the hypothesis that the PM phenotype was
an autosomal recessive Mendelian character.
(1) The observed matings among the parents of

different phenotypes have been compared to
those expected by random mating (table 3).
There was no significant difference between the
observed and expected values (x2 = 3-78; df =
2; p>O-2).

(2)
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FIG 2 The frequency distribution of PR for 27 probands
for the family study and the total population of 195 subjects.
(The 195 subjects include the 27 probands.)
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TABLE 3 Genetic inference from mating frequencies.

Putative genotypic matings Phenotypic mating Expected phenotypic Phenotypic matings xI
and frequencies type mating frequency

Expected number Observed number
M F M F out of 25 matings out of 25 matings

q2 x q2 0-09 x 0-09 0-0081 PM x PM 0 0081 0(20 1 3-2()0
q2x

p
009 x 0049 0.0371 PM x EM 0-0819 2-05 3 0-440q2qxq 0.42 x 0049 0.0378

p2xq5 049 x 0 09 003441 EM x PM 0-0819 2 05 2 ((01
p2 x p 0.49 x 0-49 0-2401
2 q x p5 0-42 x 0 49 0.2058 EM x EM 0-8281 20-70 19 0-140p x 2pq 0-49 x 0-42 0-2058
2pq x 2pq 0-42 x 0-42 0-1764

Total = 3 781

(2) The numbers of children of different pheno- possibility that poor metabolisers are autosomal
types observed to be produced from each Mendelian dominants.
phenotypic mating have been compared to those (3) In family 16 both parents are poor metabolisers,
expected (table 4). For this purpose the iden- and both offspring (of different sexes) are also
tical twins in family 24 were counted as one poor metabolisers. This family supports the idea
offspring. There was no significant difference that poor metabolisers are Mendelian autosom-
between the observed and the expected values al recessives.
(X2 = 4-84; df = 2; p> 0-05). (4) Families 16 and 24 exclude the possibilities that

When an alternative hypothesis, that is, that the poor metabolisers are sex linked recessives or
EM phenotype is an autosomal Mendelian reces- sex linked dominants.
sive, was tested in a similar manner there was a The data were rendered approximately normal by
statistically significant difference between the transformations to logl0 (PR+ 10). In this form the
observed and expected values rendering the hypoth- mean ratio for 16 heterozygotes was 1-2376±0-0854
esis untenable. (SD). The mean value for 72 other dominants

In addition to the foregoing the following is to be (excluding families 14 and 15 where the status of five
noted. dominants is in doubt) was 1-1847±0-0906. The
(1) The identical twins in family 24 are both of the difference between the means was highly significant

same oxidation phenotype. (t=7.7; p<0-001) which indicates a substantial
(2) Observation of families 5, 9, and 20 exclude the degree of dominance.

TABLE 4 Genetic inference from offspring frequencies.

Putative genotypic Phenotypic mating Total number of Frequencies of expected Expected and observed numbers X2t
mating offspring putative genotypes of of offspring of different

offspring phenotype
M F M F

q2 pq p2 PM EM

Exp Obs Exp Obs

q2x q2 PM x PM 2 0 0081 0 0 2 2 0 0 0

q2 x p2 PM x EM 6* 00189 00441 ( 14 2' 4-6 4 0(0)93
2oq xq2 0-0189 0.0189 0
px q2 EM x PM 4 00.0441 0(9 2 3-1 2 0(5161
p5 x p2 0 0 0-2041

2pq x p EM x EM 44 0 0 1029 0(1029 2-4 6 41-6 38 4-3157

2pq x 2pq 0.0441 0-0882 0(0441
Total = 4-8411

EM=Extensive metaboliser of phenformin.
PM=Poor metaboliser of phenformin.
25 analysable pedigrees included.

p=allelle for extensive metabolism.
q=allele for poor metabolism.
*=identical twins counted as one offspring.
t=with Yates's correction.
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An attempt was made to estimate the dominance,
using a method previously described,2 as follows:
Total Number of Mean score
scores of = homozygous x of homozygous +
dominants dominants dominants

{ Number Mean
of x score of
heterozygotes heterozygotes

The number of homozygous dominants and of
heterozygotes was found by applying the Hardy-
Weinberg equilibrium. The frequency of poor meta-
bolisers was higher in the family data than in the
original population ( 2=6.3) and so a new value of
was computed as V/ =0-4389. Consequently p
= 03148 and 2pq = 04925, and the mean score of
homozygous dominants was 1-1267. The dominance
(displacement of mean heterozygote score from the
mid-point between the two homozygotes, expressed
as a percentage of half the inter-homozygote dis-
tance) was 63%.

Discussion

The results detailed above clearly demonstrate the
genetic control of phenformin metabolism by 4-
hydroxylation in man by two alleles of major effect
on one autosomal locus. It does not seem necessary
to consider more than two alleles of major effect.
The same data could be subjected to genetic analysis
by the newer technique of complex segregation
analysis8 which might reveal influences of alleles of
minor effect and of environment.
The estimate of dominance can only be regarded

as an approximation due to errors of measuring or
computing the mean genotypic ratios on which its
calculation is based. There can be no doubt,
however, that the dominance effect is large, as can
be shown for other substrates of the polymorphism,
such as debrisoquine and sparteine by both the
method used in this paper2 and by an alternative
method of computation.9
Phenformin had worldwide popularity as an oral

hypoglycaemic medication for maturity onset di-
abetes. Gradually it became clear that lactic acido-
sis, which often proved fatal, was occasionally
associated with the use of the drug. ° It was noted
that plasma phenformin concentrations were higher
in persons developing this complication than in the
general run of patients receiving similar dosages of
the drug." In one study a correlation was demons-
trated between plasma phenformin concentrations
and plasma lactate concentrations in healthy
volunteers.'2 The drug fell into disrepute and was
withdrawn from the UK market in 1983.
An individual idiosyncrasy, probably genetic, has

been suggested for the predisposition to lactic
acidosis."'3 In support of this suggestion are the
following.
(a) Healthy subjects with genetically impaired de-

brisoquine oxidation also have an impaired
ability to hydroxylate phenformin.'4

(b) After a single oral dose of 50 mg phenformin to
normal healthy persons of known debrisoquine
oxidation phenotype, the poor metabolisers of
debrisoquine developed higher plasma levels
both of phenformin and of lactate.'5

(c) Several patients who had developed lactic aci-
dosis while on treatment with phenformin had
an impaired ability to oxidise debrisoquine.16 17

Many drugs undergo metabolic oxidation and there
is evidence of varying weight that this reaction for a
number of these drugs is controlled by the alleles
which control debrisoquine oxidation. The list
includes sparteine,9 perhexiline,'8 bufuralol,'9
phenacetin,2° nortriptyline,2' metoprolol,22 and
encainide.23 If the concordance of phenotypes for
debrisoquine and phenformin can be shown for a
sizeable population, then the identity of genetic
control will be established.
However, if subjects are found in whom there is

no concordance of phenotypes (for example, EM for
debrisoquine and PM for phenformin) then, pro-
vided artefact can be excluded, a separate locus
controlling oxidation may be found.
Not only is a thorough understanding of the

genetic control of drug oxidation of value in
elucidating the susceptibility to adverse reactions to
medication, but it also holds promise to shed light
on some spontaneous disorders. Associations have
already been described between the extensive oxida-
tion phenotype for debrisoquine and two conditions,
hepatocellular carcinoma of the liver in Nigeria24
and interstitial endemic nephropathy in Bulgaria.25

The work was supported by grants from the Well-
come Trust.
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