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SUMMARY 

Evidence is reviewed that combined oestrogen-progestogen oral contraceptive (OC) administration 
causes depression, and that depressive illness may be related to reduced synthesis of brain amines 
including those derived from tr~tophan. Tryptophan metabolism is abnormal in most women on 
OC, due to induction of the rate limiting enzyme of the tryptophan-nicotinic acid ribonucleotide path- 
way and functional pyridoxal phosphate co-enzyme deficiency. In a small number of women on OC, 
however, subnormal tissue levels of pyridoxal phosphate can be demonstrated (true Vitamin B6 defi- 
ciency). The effect upon depression of pyridoxine hydrochloride administration has been studied in 
a double blind crossover trial in a group of 39 depressed women whose symptoms were judged to 
be due to the effects of OC. 19 of these women showed biochemical evidence of true Vitamin B6 
deficiency. This group responded clinically to the administration of pyridoxine hydrochloride. The 
remaining 20 women showed no such response. Placebo administration was without effect. It is sug- 
gested that in some women OC-induced depression is due solely to Vitamin B6 deficiency resulting 
in reduced brain decarboxylase activity and hence diminished amine synthesis; in the non-B6 deficient 
women the symptoms may have been due to diversion of substrate from amine synthesis. 

Depression occurs as a side effect of combined oes- 
trogen-progestogen oral contraceptive (OC) 
administration [l-3]. It has been reported that severe 
depression occurs in about 5-604 of women on OC 
compared to l-2% in women using other methods 
of contraception [3,4], and that it is one of the com- 
monest reasons for women discontinuing taking OC 
[S, 61. The symptoms of OC-induced depression differ 
from those of endogenous or reactive depressive ill- 
ness, pessimism, dissatisfaction, lethargy, loss of 
libido, crying and irritability being predominant. 
whereas sleep disturbance and appetite disorders are 
uncommon [3,6,7]. Although it has been suggested 
that OC-induced depression may be a psychological 
phenomenon [8], and that it is most likely to develop 
in women with a history of a previous depressive ill- 
ness or severe pre-menstrual tension Cl, 4,691, the 
effects of metabolic changes induced by OC should 
not be ignored. Thus the disturbances of amino acid 
metabolism observed with OC are likely to be rele- 
vant as there is considerable evidence that depressive 
illness is related to altered metabolism of brain 
amines, particularly noradrenaline, derived from tyro- 
sine, and tryptamine and 5-hydroxy-tr~~mine (5 
HT) both of which are synthesized from tryptophan 
(Fig. 1). 

Schildkraut and his colleagues reported that the 
low urinary excretion of a noradrenaline metabolite 
in depressed patients was increased following success- 
ful antidepressant therapy [LO], and they provided 
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extensive evidence from the literature to support their 
suggestion that affective disorders are associated with 
diminished central noradrenaline activity [ 1 I]. Evi- 
dence that synthesis of brain S-HT is deficient in 
depression [12,13] comes from the post mortem find- 
ing of low levels of 5-HT and its metabolite, fi-hyd- 
roxyindoleacetic acid (5-HIAA) in the brains of sui- 
cides [1416], diminished CSF levels of S-HIAA 
in depressives [17,18], and failure of CSF 5-HIAA 
concentration to rise normally after Probenecid 
adminis~ation, indicating reduced 5-HT turnover in 
these patients [19]. diminished synthesis of MIT 
could be related to the low levels of brain CSF trypto- 
phan observed in depression [20] which, in turn, 
probably reflect the low levels of unbound plasma 
tryptophan reported in depressives [213, since only 
free tryptophan can cross the blood brain barrier. 
Although there is evidence that noradrenaline and 5- 
HT concentrations rise during antidepressant therapy, 
a greater response is observed in tryptamine levels. 
This has been interpreted to indicate that the latter 
amine probably has a major influence upon mood 
[22]. Although in most investigations and reviews a 
single monoamine hypothesis of affect has been pro- 
posed, the ratio of the concentrations of these amines 
may be more important than the absolute levels of 
an individual amine [lS]. Furthermore, there is evi- 
dence that a given affective state may represent a 
balance between central cholinergic and adrenergic 
neurotransmitter activity in those areas of the brain 
which regulate mood, depression being associated 
with cholinergic dominance [23]. 

In addition to its conversion to tryptamine and 5- 
HT, tryptophan is metabolised down the nicotinic 
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Fig. 1. Major pathways of tryptophan metabolism. PLP indicates the known pyridoxai phosphate- 
dependent enzyme reactions. 

acid ribonucleotide pathway in which several enzyma- 
tic reactions require pyridoxal-5-phosphate (PLP), the 
coenzyme derived from Vitamin B, (B,), as a cofactor 
(Fig. 1). The metabolism of tryptophan down this 
pathway is markedly distur~d by gonadal steroids, 
as shown by abnormally high urinary excretion of 
some of the metabolites. Spontaneous urinary excre- 
tion of 3-hydroxyanthranilic acid [24] is increased 
and, after an oral load of tryptophan, greatly in- 
creased urinary excretion of xanthurenic acid, kynur- 
enine, 3-hy~oxyk~urenine (IX) and to a lesser 
extent, 3-hydroxyanthranilic acid (HA) is found [25- 
281. The altered excretion of tryptophan meta- 
bolites observed in women on OC is similar to that 
found in nutritional B, deficiency [29], and is cor- 
rected by the administration of this Vitamin 
[25,26, ZS]. The output of metabolites is also in- 
fluenced by the dose of oestrogen in the OC, in- 
creased excretion being associated with larger doses 
of oestrogen [26]. Furthermore, as a progestogen 
given alone does not disturb tryptophan metabolism 
[28,30], whereas an oestrogen given alone has this 
effect [25,30], the observed metabolic changes are 
at~ibu~bIe to the oestrogen component of the OC. 
There is recent evidence, however, that the nature of 
the progestogen in the OC may influence this effect 
[31,32]. Tryptophan metabolism is also disturbed by 
cortisol administration, the changes being similar to 
those observed with oestrogen [33]. 

The mechanisms by which OC alter tr~tophan 
metabolism down the nicotinic acid ribonucleotide 
pathway are complex and can be attributed to a com- 
bination of altered activity of the rate limiting enzyme 
of this pathway and deficient pyridoxal phosphate 
coenzyme function. The rate limiting enzyme, hepatic 
tryptophan oxygenase, is induced by oestrogen. This 

effect appears to be largely an indirect action, 
mediated by way of the adrenal glands, because 
enzyme induction is reduced when oestrogens are 
given to adrenalectomised rats [34], and oestrogens 
are known to increase cortisol activity in the liver 
[35]. Furthermore, cortisol increases hepatic trypto- 
phan oxygenase levels [34,36]. Increased metabolism 
of tryptophan down the nicotinic acid ribonucleotide 
pathway follows induction of this enzyme as evi- 
denced by the correlation between the raised urine 
levels of its metabolite kynurenine and the levels of 
tryptophan oxygenase in the liver [36]. The effects 
of oestrogen, however, are not simply due to induc- 
tion by cortisol since, following cortisol 
administration, the output of xanthurenic acid in the 
urine after a 5 g oral tryptophan load is smaller [33] 
than that obtained after a 2g load in women on OC 
[26], and direct com~tition between oestrogen con- 
jugates and PLP for enzyme binding sites has been 
reported [37] and cited as a further possible 
mechanism whereby OC alter tryptophan metabolism 
[25, 26, 32, 381. 

An increase in the HK/HA ratio indicates inhibi- 
tion of the superna~nt kynurenina~ reaction which 
is considered to provide a sensitive index of nutri- 
tional B, deficiency in man [39,40-J, due to the 
extreme sensitivity of this enzyme to the lack of pyri- 
doxal phosphate [41]. On the other hand, mitochon- 
drial kynurenine aminotransferase is less affected by 
B, deficiency [42], so that hydroxykynurenine is pre- 
ferentially metabohsed to xanthurenic acid. The simi- 
larity of the altered pattern of urinary tryptophan 
metabolite excretion in women on OC to that 
observed in nutritional B, deficiency, and its correc- 
tion by the administration of B,, but only in a dosage 
greatly exceeding that recommended for the daily in- 
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take of this vitamin [27], confirm that there is 
reduced availability of pyridoxal phosphate to func- 
tion as a coenzyme, in association with a greatly in- 
creased requirement for this vitamin. Such biochemi- 
cal evidence of B, deficiency has been demonstrated 
in 80% of women on OC [27,43], and is thought 
to indicate functional deficiency of pyridoxal phos- 
phate arising from competition with oestrogen conju- 
gates for binding sites on apo-enzymes [7,38]. It is 
likely that supernatant enzymes are more vunerable 
to this effect than those contained in the mitochon- 
dria, since pyridoxal phosphate is more tightly bound 
to mitochondrial kynurenine aminotransferase than 
to supernatant kynureninase [41]. 

There is evidence that about 20% of women on 
OC have subclinical B, deficiency with subnormal 
levels of pyridoxal phosphate in tissues, as opposed 
to functional deficiency of this vitamin. Rose et 
a[.[431 reported a negative correlation between HK/ 
HA ratios and levels of urinary 4-pyridoxic acid 
which is the major excretory product of Vitamin B, 
[44]. In the same study they demonstrated the pres- 
ence of subnormal pyridoxal phosphate levels in the 
tissues in those women with abnormal HK/HA 
rations and urinary 4-pyridoxic acid excretion by the 
finding of altered metabolism of erythrocyte pyridoxal 
phosphate-dependent aminotransferases, which are 
known to provide a reliable assessment of the state 
of B, nutrition in man [45]. Subsequent reports have 
confirmed the presence of reduced activity and satu- 
ration with pyridoxal phosphate of these enzymes in 
a minority of women on OC [7,46,47]. Furthermore, 
plasma pyridoxal phosphate levels, which are another 
reliable and perhaps more direct index of nutritional 
B, status, were lowered in approximately 25% of a 
small group of women on OC, whereas there was 
evidence of functional B, deficiency in 75% of the 
same women as shown by impaired tryptophan meta- 
bolism [48]. 

In summary, the evidence presented above concern- 
ing the effects of OC on tryptophan metabolism indi- 
cates that oestrogens increase the metabolism of tryp- 
tophan down the nicotinic acid ribonucleotide path- 
way due to the induction of tryptophan oxygenase. 
As a consequence there are greater requirements for 
B, as several enzyme reactions of this pathway 
require pyridoxal phosphate as a coenzyme; these 
requirements are further increased through competi- 
tive inhibition by oestrogen conjugates. It appears 
that the majority of women on OC are able to meet 
the increased demands for B,, although they can still 
be shown to have functional deficiency of this vitamin 
as evidenced by impaired tryptophan metabolism. A 
small group of women on OC can, however, be identi- 
fied, who have low urinary 4-pyridoxic acid excretion, 
altered pyridoxal phosphate-dependent erythrocyte 
enzyme metabolism and low plasma pyridoxal phos- 
phate levels, indicating that they have failed, for rea- 
sons which are not known, to compensate for the 
increased B, requirements due to OC and have thus 
become B, deficient. 

The disturbance of tryptophan and B, metabolism 
due to OC may cause depression in several ways:- 

(A) Reduced availability of tryptophan for brain 5- 
HT synthesis. Induction of tryptophan oxygenase by 
cortisol will increase the metabolism of tryptophan 
down the nicotinic acid ribonucleotide pathway and 
thus divert tryptophan from the indole pathways so 
that the synthesis of 5-HT and tryptamine in the 
brain is reduced, leading to depression [ 12,491. Brain 
5-HT levels in the rat are reduced 3 h after induction 
of peak tryptophan oxygenase activity by cortisol 
[SO] and, in man, depressive illness may be associated 
with both increased cortisol secretion and increase 
in tryptophan oxygenase activity [49,51]. OC in- 
crease cortisol activity in the liver and hence trypto- 
phan oxygenase activity, and can thus cause depres- 
sion by diverting tryptophan from brain amine syn- 
thesis. Female rats given daily injections of a com- 
bination of norethynodrel and mestranol show tran- 
sient falls in brain 5-HT levels 1521. 

(B) Inhibition of tryptophan transport across the 
blood-brain barrier. The induction of tryptophan 
oxygenase and interference with the function of pyri- 
doxal phosphate by OC will favour the accumulation 
of kynurenine and 3-hydroxykynurenine. Injection of 
these substances has been shown to lower brain 5-HT 
levels in the rat, an effect produced by inhibition of 
the transport of tryptophan across the blood-brain 
barrier [53]. It is therefore possible that the turnover 
of tryptophan down the nicotinic acid ribonucleotide 
pathway rather than the actual tryptophan oxygenase 
activity might be a critical factor in the genesis of 
OC-induced depression. 

(C) Deficiency of brain 5-hydroxytryptophan decar- 
boxylase activity. In man 5-hydroxytryptophan decar- 
boxylase may be the rate limiting enzyme in the syn- 
thesis of brain 5-HT [54], and it is possibly the same 
enzyme that decarboxylates DOPA [SS]. This enzyme 
is pyridoxal phosphate dependent and lack of this 
coenzyme could have a significant effect upon the rate 
of brain 5-HT, and possibly noradrenaline synthesis, 
and hence on mood. In a small percentage of women 
on OC, deficient levels of pyridoxal phosphate in tis- 
sues are observed, and it is therefore possible that 
B, deficiency is the cause of OC-induced depression. 
Functional B, deficiency may contribute to 
diminished brain amine synthesis as oestrogen conju- 
gates inhibit the induction of 5-hydroxytryptophan 
decarboxylase in vitro [56], and a similar situation 
may exist in uivo. 

According to the above arguments, OC-induced 
depression could respond to pyridoxine administra- 
tion as this would prevent the accumulation of kynur- 
enine and 3-hydroxykynurenine, and restore 5-hyd- 
roxytryptophan decarboxylase activity to normal 
either by correcting brain pyridoxal phosphate defi- 
ciency or by pyridoxal phosphate displacing the oes- 
trogen conjugates from the apo-enzyme. 

A few women who developed depression during 
pregnancy or while taking OC were reported to show 
an apparently favourable response to pyridoxine 
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Fig. 2. Mean fortnightly Beck scores during the two treatment schedules in 39 depressed women on 
OC. p shows the statistical significance between the mean Beck scores of the B, deficient and non- 

deficient women. 

administration [57,5S], and in a subsequent study of 

58 women on OC complaining of premenstrual 

depression, pyridoxine relieved the symptoms in 18 
and caused an improvement in a further 26 [59]. 
These studies were uncontrolled and the B, status 

of the subjects was not determined. 
In the only study so far reported in the literature 

of a placebo-controlled crossover study of the effects 
of pyridoxine upon depression associated with the use 

of OC, 22 women were studied who had no previous 
history of severe premenstrual tension or psychiatric 
illness [7]. Treatment with pyridoxine and placebo 
was given, each for 2 months, in random sequence, 

and the response to treatment was assessed by means 
of fortnightly Beck self-rating depression scales. We 

demonstrated that whereas most of the women had 

evidence of functional B, deficiency as shown by an 
altered pattern of urinary tryptophan metabolite 
excretion after a 2g tryptophan load, only 11 had 

evidence of suboptimal tissue pyridoxal phosphate 
levels indicating true B, deficiency demonstrated by 
abnormally high HK/HA ratios, low urinary 4-pyri- 
doxic acid excretion, and reduced activity and satu- 
ration with pyridoxal phosphate of erythrocyte trans- 
aminases. Administration of pyridoxine significantly 

relieved the depression only in those women with evi- 
dence of B, deficiency and had no effect in the 

remainder. We have since increased the number of 

women studied to a total of 39, 19 of whom had 
B, deficiency. There was no difference between the 
B, deficient and non-deficient women in respect of 

age, dietary intake of B, and protein, or duration 
and nature of OC medication. The use of OC with 
a high progestogen content did not seem to be asso- 

ciated with depression in these women, .confirming 
the findings of Herzberg et al.[3] and contrary to 
the reports of Grant and Mears[60] and Grant and 

Pryse-Davies[BI]. The effects of pyridoxine 
administration upon the depression as indicated by 

the Beck scores are shown in Fig. 2. The improvement 
in mood with pyridoxine administration is observed 
to be restricted to the women with B, deficiency. 

Table 1 shows the analysis, using the X2 test, of 

the response to treatment using the same criteria of 
assessment as we used in our previous report [7], 
and Table 2 shows the analysis of the response to 

treatment of only those women who showed differing 
reactions to pyridoxine and placebo as it is from these 
cases that the significance of the difference between 
the two treatments can be deduced [62]. Both the 
statistical analyses confirm that improvement in Beck 
scores during pyridoxine administration occurred 
only in those women with B, deficiency. The presence 
of a significant placebo effect is indicated by the 

Table 1. Analysis of the clinical response to administration of pyridoxine or placebo 

Trf!a*ment Group 
No. of women 

improved 
No. of women 

unchanged 
No. of women 
deteriorated x2 * 

Vitamin Be deficient 16 3 0 

Pyrid0xim . 6.29 p C 0.05 

Non-vitamin Be deficient 8 9 3 

Vitamin B6 deficient 9 6 4 

Placebo 0.025 N.S. 

Non-Vitamin BS deficient 10 6 4 

* To carry out the 2 test the number of women unchanged or deteriorated were combined. 

N.S. = not significant. 
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Table 2. Evaluation of the effects of pyridoxine versus placebo in those women who showed differing responses 
to the two therapies, analysed according to the sequence of the drug administration 

First Treatment 
assigned 

Group No. who improved No. who improved 
on pyridoxine but bn placebo but not 

not on placebo on pyridoxine 

P (Fisher 
exact tea) 

Vitamin B6 deficient 6 0 

Pyridoxine < 0.05 

Non-Vitamin B6 deficient 4 5 

Vitamin B6 deficient 4 3 

PkC&?O N.S. 

Non-Vitamin B6 deficient 2 3 

N.S. = not significant 

results shown in Table 2, there being no significant 
difference in the response to pyridoxine between the 
two groups of women when this was given after 2 
months of prior placebo medication. This was con- 
firmed in the 21 B, deficient and non-deficient women 
assigned to placebo treatment first, in whom a signifi- 
cant response could be shown to this form of medica- 
tion (X2 = 4.0 P < 0.05). 

These results indicate that in a significant number 
of women who develop OC-induced depression, this 
is due specifically to B6 deficiency and can be cor- 
rected by administration of this vitamin. There is evi- 
dence that the levels of coenzyme can, as well as con- 
trolling the activity of pre-existing latent apoenzyme, 
influence the synthesis of the apoenzyme itself 
[47,63,64]. Thus, the relief of depression by pyridox- 
ine could be due to the induction as well as activation 
of 5-hydroxytryptophan decarboxylase apoenzyme, 
thereby restoring normal brain amine synthesis. It is 
unlikely that pyridoxine exerted its effect by displac- 
ing oestrogen conjugates from the apoenzyme [59] 
as, if this were the mechanism, it should have relieved 
the symptoms in the majority of women studied, as 
they all had evidence of functional B, deficiency in- 
dicative of competitive inhibition of pyridoxal phos- 
phate-dependent enzymes by oestrogen conjugates. 
For the same reason, it is unlikely that pyridoxine 
exerted its effects by preventing the accumulation of 
kynurenine and 3-hydroxykynurenine. 

In the women with OC-induced depression and 
abnormal tryptophan metabolism due to functional 
deficiency of Bg, without low tissue levels of this vita- 
min, the pathogenesis of depression is open to specu- 
lation, especially as the relevant additional biochemi- 
cal information on these women is not available. In- 
duction of tryptophan oxygenase by OC might have 
lowered plasma tryptophan levels, thereby diminish- 
ing the amount of tryptophan available for indole 
synthesis in the brain. This concept has been criticised 
by Coppen et aI.[65], who have shown that the total 
and free plasma levels of tryptophan are unchanged 
by OC administration. Nevertheless, even in the pres- 
ence of normal plasma tryptophan levels, the avail- 
able tryptophan might be preferentially metabolised 
in the liver due to tryptophan oxygenase induction, 

at the expense of indole synthesis in the brain. Fur- 
thermore, catecholeamine synthesis may be reduced 
with alteration in the cholinergic-adrenergic balance 
in favour of the former, with subsequent depression 
[23]. This might occur in women on OC as, in one 
study, 4 mildly depressed women taking OC showed 
reduced urinary excretion of catecholeamine metabo- 
lites [66], and plasma levels of tyrosine, the precursor 
of catecholeamines, are reduced in most women tak- 
ing OC [67]. 

In summary, OC administration is associated with 
the development of depressive symptoms and the 
causes are complex. The personality of the woman 
is important, as a previous history of depression 
predisposes to the development of depression on OC. 
Brain amine metabolism is disturbed in depression 
and OC cause significant changes in tryptophan and 
pyridoxal phosphate metabolism, which may consti- 
tute the basis of the depressive symptoms by altering 
brain amine metabolism. In a small number of 
women with true B, deficiency, the depression can 
be corrected simply with pharmacological doses of 
this vitamin; in this group depression may be due 
to the changes in tryptophan metabolism, resulting 
in impaired Shydroxytryptophan decarboxylase acti- 
vity in the brain. In the remainder, the metabolic 
.basis of the depression induced by OC is less clearly 
established but may be due to deficiency of substrate 
in the brain for amine synthesis. 
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