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U, . ABSTRACT - -

Eight female university students who>were using'oral contraCeptive Y
"1 .

¢ (0C) .preparations ‘of 'various types and 8 students;_similar in age and

weight but ot using’ oC served as’ subjects ina- study which investigated ‘;~~~»
the requirement of oc users for-vitamin B6 Both groups of subjects k ‘ f o
consumed a basal diet consisting of natural foods of\known comppsition.
and " containing 0.36 mg of vitamin B6 For the first 10 days ot the study

-

lthey were given an additional supplement of 1. 70 mg of pyridoxine hydro—

4 R //

chloride (PIN—HCl). This period served as an adjustment phase which ,/’ ‘
zpermitted the determination ‘of base-line values in both OC users and non-
users, and also familiarized the subjects with the metabolic routinel

o Only the 0C users underwent the‘remainder of the study Immediately 3

after the .10 days of adjustment the supplement of PIN—HCl was removed

resulting in a-total-daily intake of 0. 36 mg of vitamin B6 This diet T

was consumed‘%rom day 11 to.day 42, or a total of “32 days, and was then

rd

_followed by a repletion phase Repletion was executed in 3 consecuti‘ ‘
_\\
steps: 0.96 mg, 1 56 mg and 5: 06 mg of vitamin B6 was consumed for 5

8 and 6 days‘wespectively, Fasting blood g%mples were drawn on he

mornings of day 2, 11, 18, 25, 32, 39, 43{ 50 59 and 66. Vitamin Bg

nutriture was monitored by'analyzing these blood sampIesAfof 3 para~ g:

7fn theferyth;;cyte pyridoxal (E—PAL) cpncentration, enzyme -

-activity and pyridoxal phosphate (PAL-P) stimulation of alanine amino-,
'transferase (E-Ala—AT) and aspartate aminotransferase (E-Asp-AT)

¢ . .
Comparison of mean E-PAL concentration and mean E—Ala—AI activity in

o

‘the OC users~with the nonusers at the end of the. adjuatment-period shoved

m'no significant differences between the 2 groups for either parameter.

In vitro mean_PALfP percent stimulation,of RRAla-AT in the OC using group o

o



.\\

Sti“‘“latim_ ‘?f E"ASP’AT was. d°“e' ,_'__,.;: “'. _i

,PAL concentration to- 744 of Ehe mean undepleted level. Although re— ’

fhmalized Although mean in vitro- PAL-P stiﬁﬁdation of ﬂ-Ala—AT fluc~

) «
N

7, | .
was significantly lower (P<.0 025)¥ —Asp-AT activity in OC users was

A

'significantly higher (P<LO 05) than that of nonusers. “No significant

.differences wege nRted betweenjthe 2 _groups when in vitro PA5~P percent

L)

Having undergone depletion of viQamin B6 for 32 days mean E-PAL

*y

‘ concentration/of the oc users decliqed\§~;&9f:of the mean undepleted -
¢ -

vconcentration. Repletion with 0 96 mg of vitamin B6 increased .mean E-

~

11

pletion with vitamin-B6 at thé . 1.56 mg/day-level returned mean E~PAL

‘.concentration to the . star\dng level, only 5 of the 8 subjects/had their'

B

individual starting values restored Repletion with vitamin 36 at the

o, 06 -mg/day level was effective in restoring E-PAL levels to undepleted !

values in all subjects.

. . < |
Mean E—Ala~AT activity dropped to 452 of the mean undepleted activ-"

ity after the 32 days of depletion.‘ Repletionzzigh 0.96. -mg of vitamin’

B6 for 7 days and 1.56 mg for 8 days increased n enzyme activity tb

“\. 49% and 77% of the mean undepleted activity, respectively.' Further ;

~rep1etion at the 5.06 mg/day level for 6 days increased E-Ala—AI activ~

.

ity to 942 of the mean'undepleted-activity." Even at, this highest level

.

- of” repletion only 4 of the 8 subjeéts had their indiviﬁual levels nor-

tuated somewhat fﬁe general trend was one of increasing percent stim—

ulation as depletion progressed and decreasing percent stimulation with

~ e
oo . ’,

repletion of vitamin B6

Basal and pércent PAL-P stimulated activity of E—Asp-AT of the DC

users’ during depletion and repletion did not consistently reflect

6

Ly - ) ) e . R

'.;'vitamin B intake. The reliability of this pardmeter for use in de\\

-
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- ,1

termining vitamin B6 status in OC usersnwas questioned.

The results of this study indicated that at 1east some OC users, had

need for vitamin B6 in amounts that were in excess of recommended al-

> «

Lowances for. normal women Comparison of E—PAL and E-Ala—AT in OC _:" L

users and nonusers while consuming approximately -2 mg “of vitamin;;;B6

showed no significant difference between the 2 groups' thus, evidence of

v

A Y
spontaneous vitamin B6 deficiency in erythrocytes of OC users was not

detected.“ Data from the E—PAL and: E—Ala—AT analyses of the OC users
after depletion of body stores indicated that the amount ‘of vitamin B6
required tq;restore these depleted values to normal was in excess of the
amounts of the vitamin recommended as . g;sirable for normal young women,
thus suggesting lower initial body stores.' A daily intake of approx—“‘
imately 5 mg of ‘vitamin B6 was effective in restoring completely E-PAL -

to normal while the same intake had ‘not quite restored E—Ala-AT activ—

~ . o . . .
/ : . ) .

iy, -

e
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INTRODUCTION S .
fWomen using oral contraceptives containing synthetic estrogen and
' s “

progestogen combinations have been shown to excrete abnormally high levels

- 1 ' of t#yptophan metabolites following a Ioad dose of tryptophan. These _
ﬁ'

abhormalities are correctable by large doses of pyridoxine hydrochloride.

w

‘  The above findings suggest a subclinical vitamin‘B6 deficiency and thus,;]fxﬂ

‘an increased requirement for the vitamin by those ‘women using oral
\ ) . »

contraceptiVes. .Other parameters are known reflect vitamin B6 LT

Ll .

nutritional status, including blood levels of the vitamin, activities of-
5

vitamin B¢ dependent aminotransferases and urinary excretion of vitamin

B6 and 4:pyridoxic'acid, ;zhese latter parametérs have.not-been used
4 . : : : 3
extensively to. assess vitamin BG status in women using oral contraceptives,

The present study was undertaken to eywaluate” vitamin 36 nutriture,

Y ‘e

-using a multiparameter approach in a group of qung women using oral

o B = %

contraceptives And to compare them to a group of \young wﬁmen not using -

}wthese,preparations._ The objectives were- - » -
1) to'assess;the vitamin Bg nutritionai'status ‘of young women using

v
- .

-~ oral contraceptives, cl ‘ B ’ -
2) to determine whether young women using oral contraceptives require .
unre vitamin B6 than nonusers _and AVT ( i } "ldg 'v’ e |
35- to establish what this requirement might be. ‘ ' [ Ly . ;;’V .

N

\
Reported here are the results of the pyridoxalvconeentration and’
]

‘the activity of alanine aminotransferase and aspartate aminotransferasef

3

in the er§throcyte., Other ﬁﬁrametérs were also studied °excretory p
5,;-, R B \ : .
1evels of tryptophan metabolites,,5 pyridoxic acid and vit

; are dbt reported ip this thesis. o n 'vhg'il ;j_ ‘\‘J

AN N ) . -
’ f ° P Sa
_ RN \ | Le . . Lo L
. . 1 o N . [N M
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E '~ | REVIEW OF LITERATURE LN e

»
A

"The process~of human reproduction, previously

essential to the preservation of the species,

now poses a severe and very real threat to the
, continuing of a speci&s (1)

'

is statement by A. C. Barnes (1) expresses well man's changing3

o sis o human fertility and his realization that population growth ‘
~cannot continue indefinitely Man is becoming increasingly aware that‘
the supply of natural resources is not inexhaustible and that limita-

‘tions exist in the space available to support a population There is

mounting realization by developing nations that fertility control is a

J

vital measure in the aversion of ecOnomic and~ social problems arising '

.

from rapid population growth. Well established, government sponsored
o family planning programs already exist in India, Pakistan, Taiwan,

Korea,- Singapore and Hong Kong (2). Fertility has declined in these

o

countries.

Family planning in a‘large " well developed ndtion .such as Canada isp

<

still a matter of personal choice as populution control per se is not
a8 critical as in a developing nation. Yet the birth rate in Canada'
- has’ sharply declined from 28.6 per thousand population in 1960 to 17 6
per_thousand in 1969 (3). The general fertility rate (birth rate per
;:l,QOO women, 15'to_49 years) has also‘decreasedrfrom a high'of 118.0
“in 1957 to 71.7, in'1969 3). These statisticsrexemplify the increasing,
voluntary tendency to limit family size in the Western world .

’ At the present time the oral contraceptive steroid or what is

commonly called "the pill", is -the most widely used method of contra-

'ception because of its effectiveness and convenience The pillvincludes

Y

a wide array of synthetic estrogens and progestogens, taken either in a .

1
L ° H
A X ¢



N\

‘ combined preparation or fva sequential formulation. The resul£ of -

¢

either type is multiple interference with several phasea of the repro—

ductive cyc¥e: inhibitiOn of- ovulation, alteration of the endometrium

to impair implantation of the ovum, and alteration of the cervical

‘mucus. 80, _that it becomes hostile to passage of spermatozoa (4)

‘.

M -

First approved for use in the United States in 1960 oral con- .

-

traCeptives (OC) were used by an estimated 8 5 million American women

and by 18.5 million women in the world in 1969 (5). ' That the number

k
. of OC users in\both developed" and developing portions of the~wor1d has

" substantially increased since 1969 is likely.

R N
\

\

\»
Within the last several years a number of undesirable side effects

hY

have been associated with OC ise (4). Menstrual”alterations reported

include amenorrhea, delayed menses:\pelvic cramps and spotting, to-

\

gether with a feeling of abdomfnal fullness, breast enlargement and/or

-

tenderness,, ‘Physical changes inoluding weight gain, weight loss, acne

aand chloasma have been cited. Complaints of gastric distress nausea,

Q

«.

have been noted by women using 0C. Psychological efﬁects including

anxiety, depression, nervousness and changes~in libido havebalso been

Nt

reported' of considerable concern are the

ascular effects of thrombo-
embolism and hypertension. Alterations-have
\carbohydrate and protein metabolismﬁas well as \the metabolism of 'some .

vitamins and minerals. OC users have been reported to show elevated

incr ased serum iron and serum total iron—binding capacity (10)

vomiting, dizziness, headache, backache, leg cramps and unusual fatigue

also been reported in lipid,

D




intensely studied in women using OC.
Vitamin B,. is a collective term for several/jo;na of the vitamin:
pyridoxal, pyridoxine«fpyridoxamine and - their S—phosphate esters (11).

Pyridoxal phosphate (PAL—P) is. the active, coenzymatic form of vitamin

"B, and functions {n numerous- enzymatic reactions involving carbohydrate,‘

6
lipid and protein metabolism. Some of these,reactions have been used

to indirectly judge vitamin B6 nutritional status of individuala-and to
quantitatively assess their need for this vitamin. ~A frequently used
method is the measurement of the urinary excretion of certain metabolites
of the vitamin B6 dependent tryptophan to. nicotinic acid pathway |
after the consumption of a 1oad dose of tryptophan Vitamin B6 def'

A ficlent subjects 'have shown markedly elevated urinary excretion~Of
Exxanthurenic.acid VXA) kynurenine (KYN) and 3—hydroxykynurenine (3—OH—
m) a. | g
Evidence of altered tryptophan metabolism associated with 0OC use

has been reported as early as 1966 by Rose (13) who found significantly‘ N

elevated urinary excretion of XA after a- load dose of tryptophan in
women using the combined type of preparation. In a follow-up study -
. Rose (14) detected increased excretion of 2 other tryptophan metabolites:
- 3-OH~KYN - andb3~hydroxyanthranillic acid (3—0H—ANTR) 'Treatment-with

20 to 40 ng of pyridoxine per day reduced the 1evels of these’metabo—
lites to those‘observed in control. women. ‘Similar observations'havei'
Abeen made by others (15—20)

As elevated levels of tryptophan metabolites occur ﬁith-the use of

ocC and also in vitamin 36 deficiency, and because they can both be nor—‘

‘:malized by giving doses of pyridoxine hydrochloride (PIN-HCl), the con-f

clusion has‘gZen drawn that a subclinical deficiency of vitamin B6



- plasma (25) and erythrocytes (26) have been utilized successfully as

A3

exists in women using OC and could thus indicate an increased require-

ment’ for the ‘vitamin by this group of women. - ) é

- The studies of Rose et al. (18) and Brown et al. (19) indicated
fthatpthe estrogenic“component of the!OC»preparation was responsible for ‘f. ’
ualtering'tryptophan-metabolism.-»A.more‘recent_study_by Rose et al. (21) “,W;m“e;
suggests that although progestogenic_steroids used alone.haveyno‘effect,v
the nature of the- progestogen’used in'the oc combination might modify
‘the estrogen - induced abnormality in tryptophan metabolism " Rose and
'Adams (20) ‘showed that the low dose (0. 05 mg) estrogen containing 0oc
combination, when used for 6 months or longer resulted in increases in
urinary excretion of - tryptophan metabolites that were similar to the in-.
creases found in subjects using high dose (0 100 to 0.075 mg) estrogen
containing OC. The authors concluded that" estrogens,peven at the lower .
dosage;:used for prolonged periods of time precipitated abnormalities '
‘in tryptophan metabolisml These abnormalities were.completely reversed .
by treatment with 20 mg of PIN-HCl daily for 1 month. f:' o

" Vitamin B6 concentrations in wh\&e blood (22 23), serum (24),
55

indices of vitamin B6 nutriture Vitamin BS in all blood’ fractions fell

during'vitamin B6 depletion and rose upon supplementation of subjects .‘/‘

-~ withithe vitamin. Only 3 studies investigating blood levels of vitamin /

.B6 in OC users appear in the literature. Brown et al. (27) examined 1

0C us\rs and 9 nonusers fed a diet containing about 0 2 mg of - vitamin
:B6 for 1 menstrual cycle, then supplemented daily with 0 8, 2. 0 or 20.0-
mg of PIN-HCl for a secqéf‘cycle The OC users initially had slightly ; e
| lower PAL levels, and after ‘1 week: of depletion had significantly lower |

PAL’ levelshthan controls. Supplementation with 0 8 mg of PIN-HC1 did

. @
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[

. Women.. The mean blood vitami

d O\ 6
ot restore,2§E to'starting values but 2.0 mg or 20 mg_supplements“
PAL. levels above normal. B_ . ‘.. ',h?e&;. : .
Bennink Schreurs (28) however, found no alteration in blood
vitamin B6 due to'OC ge for a minimum of 3 months in a group of 50
leveliof this group was 17 6 ng/ml,

izh a range of 13 3 to 21.3 ng/ml. e. accepted normal range for blood a

vitamin B6 was 13 5:to 25 ng/ml thus, the blood values for the oc users

—

were considered normal. CL ' . ST A/“;;,;.,f~

v . ) ”

A very recent study by Lumeng et al. (29) has investigated the

C usage on plasma PAL—P 1evels with respect to age of the

¢ ‘mean plasma PAL-P (7.8 ng/ml) for 55 0C users was signi- .
ficantly.lo er than the ‘mean for 77 controls 9. 4 ng/ml). When broken
down into age,groups mean plasma PAL—P in the OC users\of the 25 to

29 year and 30 to 34 year hge groups was significantly 1GWer than in

age matched controls. However, no significant difference was de

t . o

between OC users ‘and controls in the 20 to 24 year age group. Lumeng

cted

o=

/

\ :
et a1. (29) also demonstrated that an initial decrease in. plasma PAL-P "
occured'during the first 3 months of OC therapy in a group. of 107 women,

but that by 6 menths only 3 had low leve s Thus ,there is some in-'

y
R

- _dication that vitamin 36 in the blood could be affected by age. and dura— 11

v T : . R ‘“'(1
. V

tion Of‘therapy. S ‘ R f." A eif*ﬁew

R ’r.\ B 4‘.'

Measurement of the’ activity of 2 vitamin BG dependent erythrocyte
enzymes - alanine aminotransferase\(E—Ala—AT) ‘and aqpartate aminotrans— n
ferase (E—Asp—AI) in controlled vitamin BG depletion studies (22, 26 |
30, 31) generally showed\a decline in enzyme activity as depletion pro—
gressed and an increase‘hpon vitamin B6 supplementation. Baysal et al -'., .
(22) and Cinnamon and Beaton-(3l) found the E—Ala—AT system to be. more

sensitive to vitamin B6 deficiency whereas Raica and Sauberlich (30)

-



V&
}and‘bonald etnal..(265 were‘able to detect only emallamounts of.ErAlaf
AE activity.A Determinatiop of percent in vitro PAL-P stimulation of -
aminotransferase activity provided a,suitable indicator of vitamin B6

‘status (30). - The’ effect of OC usage on the. activities of these two

""enzyme systems “has been investigated since 1970 Doberenz et al (32)

- examined E-Ala—AT activity and percent stimulation with in vitro PAL—P

'in 24 female subjects, 13 of whom were using 0C of various types and for _
varying lengths of timi Mean basal activity of E—Ala—AT in OC usbrs

was 90,4 pg of pyruvate/ml of packed cells/hr whereas the nonusers -
AR -

. showed a significantly higher (P(O 02) ‘mean value of 176. 9 - Hean

}g percent stimulation with PAL-P was significantly higher (P<(0 001) in the

' group of 0C users (¥17.6%) whén compared to the nonusers (22 44).' The
authors concluded that theikjjata supported the supposition of vitamin
Bg deficiency in women using OC "‘

Aly et al (16) studied both E-Ala—AI and E-Asp-AI in a group of
5 women using 0C and 5 women ' not using OC.. MEan E—Ala—AI activity in p
'this study was the same for both groups (6.2 pmoles NAD/ml of packed
7ce11s/hr) Percent stimulation with in vitro PAL-P was not determined

.HE—Asp-Ai activity, however, was sigpificantly elevated (P<:O 01) in the .

- group. of 0c. users (45 9 pmolis) whep compared to the nonusers (34 3

» pmoles) The percent stimulatio was similar in both. groups. 35.3%_‘:
b v _ EER

- i
\\for the OC users and 3 6% for th ndhusers.

Rose et al. (18) determined E+Ala-AT and E-Asp—AT activities in 16
women before they had used oc and l{ter they. had used them for 3 to 6

5months. The enzyme activities were also determined in 34 women who had
used OC for 6 to 36 months._ No significant differences were. observed

R

in E—AlavAT and percent stimulation between either roup of 0C users

\.f -



-

months (25 9 18 oxaloacétate/mg hemoglobin/hr) was signif c§

(P(O 01) when compared to Ff-Asp-\AT in the oc users of 3 to% months ‘\

(20 1 ug) or the controls (22 0 pg) Percent stimulation was)not sign
-
p

In the following year Rose et al. (33) again studied E-Ala-AT and

—Asp-AT activity in 80 ocC users, and in addition, examined the effect

i-'

~

of PIN4H01 supplementation on aminotransferase activity. As was pre-

viously shown (16 18) mean hasal E—Ala—AT activity in the OC users was

not significantiy different from the mean activity in control women. -
Theamean percent stimulation,vhqwever ‘was significantly elevated (P'(
025) in the _0C users when compared to. the 50- controls, thus confirming

the findings of Doberenz et al (32) Basal E-Asp-AI activity ‘was onc

0.

& .

v again found to be significantly elevated (P( 0 05) in oC usexs compared

to controls no significant differences were observed in percent stimu—

[ %9
20 ocC. users for 4 weeks and to 10 others for 8 weeks. No rationale fo

'

' lation with PAL-P. -A daily supplement of 40 mg of PIN—HCl was given to

r

Y

the dosage used by Rose et al +(33) was stafed ~ The results of the effects

'of this supplementation on’ aminotransferase cntivity appears in Table

1,

Supplementation for 4 or 8 weeks showed signif cant elevation in basal '

1

gactivity of both aminotransferases and correapond'ng reductions in per

cent stimulatidn by PAL—P. : o

A recent study by Saﬁkeld et al. (34) examined the effect of oc

- usage on E—Asp—AI in relation to the duration of therapy and the estﬁo

content in a large sample of 233 women. The ratio of the increased

i activity (with PAL-P) to the original activity (without added PAL-P)

o

gen

. gave an activation coefficient t(EnAsp—AT which was used to assaéﬁ\ o

o ficantly different between groups « LT ‘ T ‘"“ Ry (ﬂ _ a ‘
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. festablish a requirement which

'« c . I .
WA o
. i ﬁ , \_-,‘1-— \

lx“\ Yo .y

_.vitamin 36 status. . \n,aoo normal blood donqrs an-<E-Asp-AT of

<11 64 was considered/to be normal 1. 65 to 1 69 was considered marginal

\

. and >1. 70 was considered deficient.. In the sample of OC users, ‘mean

o O<E-Asp-AT was 1 64, compared to a mean of 1 50 for the control grpup

°

':10

"No- significant difference in°<E—Asp-AI was evident between the users of ,“ o

) low dose estrogen containing OC and the high dose’ estrogen containing S

- oc (1.64 and 1 62 espectively) Duration of use had no significant o

*

‘ /
~influence. The auth also made the observation that an intake of 10

to 15 mg of" PIN—HC% by a few women in the OC group was insufficient to

9

—Af Because this was self-medication in the form of a
~

‘multi-vitamin pill and not a supplement given under controlled conditions, '

"the reliability of such an assumption is questioned
Several parameters used to assess vitamin B6 nutriture have inaicated

-'possible depletion of the vitamin in some women using 0C therefore '

E attempts have bﬁen made to detso ine the degree of depletion and to f
Ty

uld meet this increased need for vitamin

B Luhby et’ a1 (17) found that daily PIN—HCl supplements of 2°0r 5

6"

ng during a complete menstrual cycle were insufficient to normalize XA
' 7

excretion after a 1 g oral load of tryptophan._ Supplementation with the :

N vitamiqipt the 10 mg level normalized ‘XA excretion in 75% of'the OC

*users, and af the: 20 mg 1eve1 147 still excreted elevated XA 1evels‘

E Using regression analysis a daily<%l§-HCl supplement of 25 mg was cal-

culated as being necessary to normalize XA excretion in "all" subjects. o

L 4

' With a safety factor of 5. mg added on to the minimum of 25 ng, the daily
dose recommended by Luhby et al (17) for all women using OC is 30 mg.

- Price et al (35) demonstrated that some women using estrogen

)

'containing oc spontaneously excreted elevated levels of 3-0H-ANTH, A



- R . <. . - o -
L} ) . 4 . -

- which was reversed by daily‘administration of 20 mg of PIN~HCI. Rose»dr
et al. (18l supplemented 20 mg' of PlNéﬁbL daily'to 4 subjects-using oc
which resulted in'a deomease in”tryptophan metabolite'excretion and a - f' \
jmarkedly increased basal activity of E-Asp-AT and E-Ala-AT with cor-

responding decreases in percent stimulation. Leklem et al (36) investi-'

A
3

“gated tryptophan metabolism in 16 OC users on a low vitamin B6 diet (OAl
. mg vitamin ’B /day) for l “meénstrual cycle and then repleted with either o
.0.8,‘2.0 or 20.0 mg‘PIN-HCl daily for -an additional cycle. . ébnormalities
. occurring in excretion of"trypt;phan metabolites atter a load dose wehe -
}. not corrected by either 0.8 or 2.0 mg of vitamin B6 per day, whereas 20.0 -
. mg . per day reversed the abnormalities in 5 of 16 subjects within 1 week
of repretion The authors concluded that 0.8 or 2.0 mg of the vitamin
A, was not enough to correct altered tryptophan metabolism in OC users. Brown A
.. et. al (27) examined plasma PAL 1evels in the same group gf OC users and |
‘;found that 2 0 mg of PIN—HCl daily elevated’ plasma PAL 1evels above normal
"Adams et al. (37) suggested that 40 mg of vitamin B6 was necessary to. al—
leviate the psychological side'effects experienced by some'gc users |
Studies investigating oC - induced alterations in tryptophan meta~ o o
_ bolism indicate rather‘consistently that 20 to 30 ong of vitamin BG daily |
_ will correct,these abnormalities. Salkeld et al (34) pointed out, howeVer,:';v
‘that whereas 80 to IOOA of ocC users .are knqwu t03exhibit abnormal excretion ~‘4‘
| of tryptophan metabolites, only §OZ of his sqmple showed evidence of re—‘.
: \\_.yqduced E—Asp-AT activity. Lumeng et al (29) found abnormally low plasma
- PAL in only 4 of 11 subJects who demonstrated abnormally high XA excretion.

Researchers who have used parameters other than: those measuring 1evels

/ of tryptophan metabolites in urine Liave found that ‘much’ lower doses of

.-‘ﬁ' P
»wf .

vitamin B _(o. S*t 2. Omg) restored the reduced plasma PAL in. OC ‘users (27)

A ‘*"T"q



~and that do:;z in the range required to correct abnormal tryptophan
4

cause significant and perhaps undesirable elevations in '

metabolism
E-Ala-AT and E-Asp—AT activities (33). Estrogen administration alone
is known to cause enzyme induction of alanine and tyrosine aminotrans- a
hmferase in rat liver (38), a phenomena wHich could account for. the- decline-~ueem;
in plasma tyrosine levels noted in OC users (39) Total plasma am;no
acid levels are also known to ‘be reduced in women gsing oc (40). Rose
et al. (33{ has expressed the concern that if cofactor induction of apoenzyme 4‘
described by Greengard and Gordon (41) occurs and is superimposed on the‘?
estroéen-mediated increase of’ amino acid catabolizing enzymes, a further
decrease in plasma amino acids might cur. Such an effect could enhance
amino acid deficiencies in areas where protefn malnutrition already exists
and where ironically, the pill could be used to great advantage in popula—
‘tion control. e « f' L :- B
e Previous workers 17, 36) "have reported that PIN—HCl supplements
equivalent to the Recommended Dietary Allowance (RDA) (UsA) (11) of 2.0
"mg per day,were insufficient to dec ease the abnormally high XA excretion;
found in '0C users, but a level of at least 20 mg of‘PIN-HCl was effective.
The4bresent study was designed to use a multiparameter approach incor-.

. porating tryptophan metabolites blood and urine 1evels of vitamin B6’

urinary excretion of 4-pyridoxic acid and erythrocyte aminotransferase

'activity to: J,‘ . ””";\,_,‘ '_ : . »f'
- ) PR \,-\ :
1) assess the vitamin B6 nutritignal status of y
2)- to determine ‘whether young women using OC required more vitamin '6:

<
than nonusers, and -

3)- if the requirement was,greater, to establish what this requirement A
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(. . might be. A
| LN | |
Results ob from three parametex& to agsess vitaminﬂ..B6 re-

quirement; E-PAL," E~-Ala-AT and. E-Asp—-AT are reported here. Results

. : ' :
- from ?he other parameters, including urinary excretion of vitamin B6~~ L
. N . . . - . . \

~and_4-pyridoxic_acid_and urinary excretion of the .4tryp.t:ophan.ﬁne,tab,bli,tes"__-_-..ﬂ R

XA, KYN, 3-OH-KYN, and kynurenic acid are not included in this thesis. -

~



Q- ' ' EXPERIMENTAL PROCEDURE - ’ _ .
Subjects ' - o ‘ ;f , o .\\;
. .Sixteen female university students participated 18" the study.

. Eight of the YOUQS women using OC for the purpose of birth control
<mserveddasmtheuexperimental,group.; The remaining S'Oere not using OC mwh;m_m:wm

and thus served as the control group. A preliminary questionnaire o

facilitated the selection of suitable candidates for the\stu+y and a

complete medical examination by a university physician ensured that all

'subjects were in good physical health andfhﬁd’ngrmal liver function.,
S

Some of the general characteristics of the subjects are: shown in

Table N They ranged in age from 18 to 23 years. The)mean age for the
;{/experimental group was 20 years with a mean age of 21 .years for the

control group. Initial weights for: the experiméntal group varied from -
120 to 153. pounds with a mean}of 139 pounds. %he control group had a

similar range from 125 to 150 pounds,athe mean beingx£?5 pounds Both

groups had normal menstrual higtories. B
The name, dosage, and relative potency of the oc used as well as
d .
-the duration of use are shown in- Table 3. Seven of the, eight2subjects

Aused the combined,type of contraceptive pill whEreas one of he'group : o 63

o

o

_used the sequential type.} Seven of the eigH\ subjects had been under = ~

hormonal therapy for :at: least 3 monthb- while one- subject F had begun

\ « -

"’ hormonal therapy Just prior to the study. R {

Dlet .. - . T S

A diet of natural foods, adequate in calories and proéein and low.

6 was used throughout all phases of the study The basal
B diet (see Appendix I) provided 1650 kcal 65 gm protein, 676 mg cal- )

v
.cium,)7.9 mgﬁiron 0.42 mg thiamine 0 82 mg- riboflavin ] 02 mg niacin,

#

in vitamin B

. T



';Table 2. General characteristics of the subjecta participating
" in the ‘atudy. :

- -t . td

r 4

Menstrual History'

" ! . . »
a E " g

(e3

e o orieetd o cj;clee " flow®

) . N . . ’ %o . - )
‘Subject’ Age? Height” wcaigtitS_r Age of Length of Length of .

imental Group

r A 13 ‘25 5

‘B 13 28 6

c D TN 28 4

D . N . 1% 28 5
E., 21 .57 . dus [opa3 | 28 5

F 200 54 15 {12,029 5

) 22 ';5:* 55 . - 150 ‘Vfi tﬁi/s‘ 28 aﬁfﬁiw >

) H 22 <58 153 | 14 3 . .5

values: ' 20 e S 139 | 13 28

RN

NEe
KRS
-

- Control Groﬁp, o I ST e
' 20 5.5 - 125: | .13 . 30

N,

SIS

Ty s o sa s | o1 2
K 22 5-6 929 | 14 . 32 5
L. 23 56 - 130, 13 28 P
M 19 s sk 2. - 27 5 E
N9 s 135 o 13 28 2 6
‘ o ' .2 - 5§ 17 | 12 29 6
PP 20 58 - 150 |4 28 N g

o]

3 Mean : - ’ oo ; . t . h _ ‘.'. ..‘T ] s
© values: . 21 '5:3 ' 135 . .13 " 29 . '

_L'.

w'’

ey

—————

a Values expressed in years to the nearest six months.
Values/Ekpressed in feet’ plus inches without shoes. i
Values expreased to the ‘nearest pound at the start of the study

L

b
c
d .Values expressed in years. T :
e Refers to the oyulatory cycle. Valuea-expreseed’in days.
e . : S ) ’ P
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- 'i'-:xperimeh‘cai Outline

group (see Table 4)

17.

. 4,290 1U vitamin'A and.73 mg ascorbic acid per day. YNutrient esti- ° .

ma@ions were based ‘on USDA Vandbook No. 8 (42). Calcium, iron, thiamine and

\

The basal diet was similar in composition to one used’ in a previous-

metabolic study which. was analysed to contain 0.34 mg of vitamiﬁ B6 per

day (43) The basal diet used in this study was modified by the ad-

dition of 2 extra slices of bread per day,_containing 0. 01 ng of vitamin
6 per slice and 20 g extra apple jelly. The resulting total daily in-
take of the vitamin from the basal diet would be approximately 0. 36 mg.

. Some ad libitum foods, virtually devoid in vitamin B6, were included

to provide additional calories for maintenance of initial body weight

(see Appendix I)._ These foods included butter, sugar, shortbread cookies,

" hard candy, mints bu:Le*—crunch and gingera}e A daily record>was kept

of the amounts ‘eaten so0 that - total ‘caloric intake could be calculated

Towards the end_of'the study,'dried herbs and spices were added to some
of the foods,‘and the combination of the ingredients was varied to avoid
monotony. These changes were made ‘without significant alteration of the’

R

daily basal intake. ‘

> ° . -

ity, hours of 8leep, ingestion of aspirin or other mediCations, or any

A1) meals were. prepared in the metabolic unit and were consumed

there. Occasionally, when necessary, a meal was packaged- and consumed

.#:at home._-A daily record was kept by each subject whereby unusual activ-f-

‘

_-other factor which might influence biochemical results was noted

r



I

x/:  ~ Table 4. Daily nutrient intake from the basal diet plua'vi:émin

and mineral supplements per subject.

Nutrient Basal - Supplement " “Total " RDA -
' : . - Diet ' ” Intake (UsA) (11)
. Kcalories _ 1650 - 1650 20000
protein g - 65 - 65 55 ..
. Cgrbphidrate' g 188 - 1188 .
" Fat | 8 © 73 - 73 : /
S . o A o -
Calcium  mg 670 ° 210 880 .~ ..880
Phosphorous  mg 830 - 830 . 800
Iren = ©  mg 7.9 106 /18,5 18
. Thiamine mg 0.42 o‘,es,/ 1.08 1.0
_-Riboflavin , g 0.82 o.ey/. 1.62 .- L.5
Niacin. - | mg 7.02° A NI <
" Ascorbic, Acid mg 73 ,;/-/ 73 - 55
Vitamio A © IU 4290 - 4590 5000
Vitamin B~ mg 0.36. - .0.36 2.0
¢ o

18

<n”

‘s,
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“\. Collection and Storage of Bloodeamples L

_of the vitamin of 0.36 mg. Depletion continued for 32" days.,'

The study consisted of three phases.AlThe first 10 days consti—

* .

tuted the pre-depletion phase when both experimental and control subjects

consumed the weighed basal diet plus a vitamin B6 supplement of 1.70 mg/-

_lday:” This brought the total daily intake of the vitamin to 2 06 mg, thus .

meeting the RDA (USA) for vitamin B (11).  The pre-depletion phase

A
permitted the subjects to become familiar with the diet and ‘the metabolic-

routine. In addition, normal levels of the biochemical parameters to be

studied would be established in both control and undepleted experimental

subjects
Only the experimental subjects underwent the depletion snd repletion
phases The depletion phase began on, day 11 when the vitamin B6 sup-

plement of 1.7 mg/day ! was withdrawn, thus resulting in a net daily intake

e

Repletion of the subjects was executed in 3 steps., On day 43 a

PIN-HCl1l supplement of 0 6 mg/day was’ given bringing the total daily
'intake to 0.96 mg. This level“of intake was continued for 8 days.; On

aday 51 the diet was supplemented with i.2 mg,of the vitamin, now bringing o

the_total.dsily‘intakepto 1.56 mg. This was, continued for 9 days- until

‘the.final'level‘of'repletioniwas instituted. On day 60, 4 7 mg of PIN—'

_HCl was administered daily and continued for 7 days bringing the total

daily intake -of vitamin B6 to 5 06 mg. o

\

Fasting blood samples of approximately 14 ml each were withdrawn

- by venipuncture after 1, 10, 17, 24, 31 38, 42 49 58 and 65 days on o

the study. Vacutainer tubes containing 0 07 ml of 15% EDTA were used.
Duplicate analysis'for microhemat::}it and hemoglobin were done on fresh Lo

~&7, . IR . ' N
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20

- whole blood from all subjects each time blood vas taken (seeﬂAppendix’Iljfﬁz—

Plasma and erythrocytes were separated by centrifugation. The ery-

throcytes were prepared for analysis of E-PAL E—Ala-AI and E-Asp—AT

-',W(see_Appendix"III) All samples were tightly stoppered sealed withﬂtape»im_4g~'

and stored’ at —20 C Those samples to’ be used for analysis of vitamin

KN

‘ B6 were protected from light.‘

Methodology
A Erythrocyte vitaminB6 level

The determination of vitamin B6 in the erythrocyte involved extraction

of the vitamin from the tissue,'chromatographic separation of 36 vitamers,
tand finally, microbiological assay of _the vitamin.' | |

| An ac1d hydrolysis of the erythrocyte hemolysate was required to
_liberate vitamin BG from phosphate complexes and protein binding (44)
Extraction was achieved by a combination of acid hydrolysis with 10%

- TCA' followed by autoclaving at 21 lb pressure (45) (se; Appendix IV A
~f9), The resulting hydrolysate was then applied to a column containing 6

' mls ‘of activated Dowex (50 AG WX8) ion exchange resin according to the ‘

method of Toepfer and Lehmann (46) (see Appendix IV A. 11), and the

B pyridoxal fractionaeluted (see\Appendix IV. B) This method facilitates

' the chromatographic separation of- the three BG vitamers pyridoxal, py—’
'ridoxine and pyridoxamine. Kelsay et al. (23) have established that the
major constituent of total erythrocyte vitamin B6 is pyridoxal thus, :

, pyridoxal was the only fraction eluted.

The-microbiological procedure of Atkin et al.. (47) as modified by '

'Storvick et al. (44) was used to determine the pyridoxal content of the

."column eluates-(see Appendix IV. C). Saccharomyces carlsbergensis was
. . . . _ . ! R . ,- -’ _“‘ . / ‘



the assay organism.u A standard solution of pyridoxal was chromatographedf

/

simultaneously with the erythrocytes (see Appehdix IV. B) Hydrolysing
the standard had no beneficial effect on growth of the organism, thus _

;thismstep was omitted Vitamin BG in the samples was interpolated from

"istandard curves obtained from assaying the chromatographed standard.

. All procedures were carried out in semi—darkness using a red - light
for necessary illumination, as vitamin B6 is subject to destruction when
exposed to light (46) “ _':]' ' '. B - o

.

B. Erythrocyte Alanine Aminotransferase

S

: The determination of E-Ala-AI activfty was based on the colorimetric~

v-procedure of. Heddle et al. (48) for whole blood and modified for ery- :

throcytes by Woodring and.Storvick (49) “In vitro percent stimulation by

'pyridoxal phOSphate was determined according to Woodring and Storvick (49)
Q_One additional change was made in the present study. 2 ml of 2 5% al- '
coholic potassium hydroxide was used rather than the 1 ml used by Woodring
and Storvick (49) . ‘ ' ‘

‘The procedure involves the formation of pyruvate as the end product -

"k‘{"

‘.of the transamination reaction between d~—ketoglutarate and alanine. o

_-Pyruvate reacts with 2 4-dinitropheny1hydrazine to form the hydrazone L

I >

o which is quantitatively extracted with toluene, and color developed in '

-alcoholic potassium hydroxide. Optical density of this colored complex :

21

[

'was méasured in a Beckman DU-2 spectrophotometer at 490 mp The opticaltﬂ ,H

; density of the colored complex is proportional to the amount of pyruvate'

formed, thus indicating the activity of-E-Ala—AI. A standard curve pre—‘

_‘pared from solutions providing 10 to 80 pg of sodium pyruvate per tube, -

"b

’ (see Appendix V) was used to determine the amount of pyruvate formed b

-the erythrocyte samples.,'

/f'_
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- C. Erythrocyte Asp rtate Aminotransferase ) oo S i - .

E-Asp-AT activi\y was determined spectrophotometrically using a

I

. I
premeasurad kit . The procedure followed was: similar to that described .

by Fu’ (43) with the exception that 0 5 ml of the original erythrocyte

ihemolysate (see Appendix III) was diluted\with 4 5 ml of distilied water,_
: v
'*’resultiﬂg in a SOX dilution of the original packed cell volume, rather

3

: than the 25X dilution used by Fu (43)

Lo N . .

‘ The‘determination is based on'the'following reactionshas“described .

N . I | LR _E. ,

Asp—AI e ‘ ' ' R

l)ti—Ketoglutarate + L—aspartate == glutamate + oxaloacetate '
MDED

2) oxaloacetate + NADH + H+""** malate + NAD

ByﬂKarmen'(50) N

- 'The aminotransferase reaction 1) is coupled to the reduction of oxalo— ,
) acetate by NADH + H 2) in the presence of MDH. The rate of NADH + H

' oxidation is a function of the rate of transamination and thus, the rate
.was monitored by the measurement of the rate of diSappearance of NADH, .

or, the rate of decrease in light absorption at 340 mp, where the. reduced
Y .

Q pyridine nhcleotides have maximum absorptiou (50)

X .

22

' The pyridoxal phosphate stimulated activity of E-Asp-AI was determined _

¢

;according to.- the method of Cheney et al (51)

D, Analysis of data

-

Individual values mean, and standard error of the mean are presented

for each parameter measured Doubtful observations were rejected according

/
f

.to the Q-test described by Harris and Kratochvil (52) ,-ff" -; ,'L’

. A paired t- test ‘was’ used to determine the levels of significance of

o Boehringer Mannheim Company. _.Jff_ o ';':fxﬁf ',j‘ P
o b Malic dehydLogenase.i," 4.‘;gk1" ":i"i C 'f_ h,»~;j “j:.f

‘o . o ’ L o o
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the differences in the: values of E—PAL and transaminase activities after
'bdepletion and at the various stages of repletion in the experimental eub-
:jects.' An unpaired t test was used to test the significance of di?

ferences between the values of the experimental group and those bf the

U SRR SR DU

‘controljgroup,
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R 'RESULTS AND DISCUSSION -

'vPre—study clinical analyses

q

The pre—study clinical examination showed all subjects to be in
'-~good health Results of the- analyses conducted are . shown in Table 5,
'“"“Hemoglobin levels were determined by a cyanmethemoglobin method
Both control and experimental groups in this -study had hemoglopin levels
ﬁwithin the normal range of healthy adult women (53) Although the 4
experimental group had a slightly 1ower level than did the control group,

no significant difference was evident between the two groups. Fisch (54),
1

'in an examination of red blood cell indices in 3736 women . found a slight

-~

‘{ but statistically significant decrease in hempglobin and hemstocrit 1evels

*/

s.,'

nand a decrease in red blood cell count in women-using OC.' ot
Liver function was assessed by the determination of serum'aspartateb

aminotransferase (S—Asp-AI) activity. An eloyated lsvel of S-Asp—AT is o

'-indicative of liver cell damage as a result of the release of this enzyme

-from 1iver cells when injured (55) The S-ABp—AI 1evels of all.subjects

.in this - study were considered to be normal by the examining medical
7':personnel. Several investigators have observed elevated levels of serum
) aminotransferases in.homen taking oc (56 57) Other workers have found
that these slight increases in serum aminotransferase levels usually i'
~occurred -and disappeared within 1 to 3 months of continued therapy (58

459), thus suggesting that impairment of hepatic function is clinically

insignificant and transient.. Swaab . (60) and Haehn et al (61) in separate:v

studies found no significant elevations in S—Asp-AT activity in women

,:taking oc, regardless of. duration of therapy.

: The presence of urinary glucose was investigated because of reports

that OC precipitate impaired glucose tolerance in some women. using these.

oA

i
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Tdble 5. ”Résults of tbé:bre-sqddy clinical analyées.

. Subject. . .. " e*Hemoglobin- . >S—Asp-ATb’c, 'Uriﬁaryd.
e : Leveld ‘ L Glucose

)

W s

13,2 e -
5.2 |
12.8

13.2
12.4

S, 128

I T C1Ba 7
Meaﬁ_vélue" o \§13.2
s . 0.3

- . , .
. - e

a2
¥

x

I

O " E U O W
7oz R B 2
i

\ Control groﬁp: ‘> ’v: B (r ) o IR ,-;

.U

I R _ 13,4
9/ a2
e
M , . 15.0
N o148
) | | .

P I - -

-~

=z == 2R E B Z
1

Mean valyé _ ;;; ST 14,2 o : ) o
- SEM T 0.3 - °
a Expressed as. gm/lOO ml blood ‘
1,b Serum aspartate aminotransferase. ,
¢ N. indicates normal. - - ‘ L
d - indicates negative._ ' 3
e Standard error of the mean. .
. L 1 /
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‘preparations (62464).‘vAll'participants‘in the study ghowed no evidence

.of excess urinary glucose. . c T S -2;4;—

N

Iy

Study Analyses
- RS

" A Hemoglobin and MematocriE T LT om e\

Hemoglobin and hematocrit levels in the experimental groUp-were‘S . (\/.
‘ . T
determined after 1, 10, 17 24, 31 38, 42, 49, 58 snd 65 days on the
study, and after 1 and 9 days on the study in the control group.' The '
resulté‘of these analyses are presented in Tables 6, 7 and 8. ~7/.

' There: was relatively little fluctuation in either parameter\\uring

' the’ three phases of the study, when ~varying levels of vitamin B6 wer

‘consumed. Both hemoglobin and hematocrit values obtained in the §;udy‘
'compared favorably with those obtained in a similar study conducte with
aduIt womenxwho were not using oc (43)
There is evidence that a low vitamin B6 diet may result in anemia .
L {65) Horrigan and Harris (66) have described iron resistant microcytic, . i
| hypochromic anemias that respond only to large doses of pyridoxine. The .
subjects showed no sign of anemia throughout the study,uthus it appears'
that consumption of 0. 36 mg vitamin B6 per day for 32 days did not produce
‘a severe enough deficiency to precipitate changesAin hemoglobin and

hematocrit levels. B ', . ' _ ' \f\\\\Q\

' and hematocrit than the experimental group on day 2 of the study.'

difference however was not significant as judged by the unpaired t-test. L N
_ 1lhfter 9 days on an identical diet containing 2,06 mg of vitamin B6 per a B
day, both groups were found to have very similar 1evels of hemoglobin

and hematocrit. . - ';--. il'l
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| though slightly” higher, the E—PAL range for the nonusers of OC is in )

30

/"

‘B. Erythrocyte Pyridoxal Concentration ' o - . | o

L]

The effect of vitamin B6 intake on "the E-PAL concentration of 8

adult~ﬂomen using oC is presented in Table 9 and Figure I. The E-PAL

values obtained for this group of OC users during all phases of depletion

and renletion ranged from 10 to 55 ng/ml of packed cells._ The E—PAL

concentration of the nonusers of OC (see Table 12), while consuming

~

2,06 ng of vitamin Bé, ranged from 20 to 41 ng/ml'of packed cells Al—'

4

4
o

agreement with the E-PAL range of 13 to 31 ng/ml of packed cells reported

by Baker et'al° (67}'for normal'subjecta. The method used by Baker was, |

a microbiological method with Tetrahymena pyriformis as the assay organism

Preliminary analysis on whole blood from the nonusers of OC in the pre-

RN
. g 1

sent study produced a range of 13 to 29 ng of PAL/ml of’ whole blood

Storvick et al (68), Baysal et Ad (22) and Kelsay et al (23), all usiﬂ

the microbiological method with Saccharomyceg,carlsbergensis as .the

‘h

‘assay organism, repo#;ed PAL ranges in whole blood from normal subjectS' \

of 3. 4 to 23.2 ng/ml s, 4 to 15. 1 ng/ml and 1 4 to 7.2 ng/ml, respectively

l!

"Thus, the values for pyriddxal concentration in erythrocytes and whole

\Lkdjustment Pe giod' Fasting blood samples were taken from each experimental

- of PAL on an ad dibitum intake. The mean E~PAL at this time was 34. 6 ng/ml

_h

.bloodipbtained for the nonusers of 0oC of the present study are comparable

R a

- . . .
. . t

o

to others appearing in the literature..' o rf = A ]

)

o !

subject after 1 day on the study to establish a basal erythrocyte level

! Yof packed cells After 10 days of adjustment on a basal diet containing

T 2. 06 mg of vitamian /day,- E-PAL dropped slightly to 28 7 ng/ml of packed

cells, There’was no significant difference between these two values.'

-7 ng/ml was chbsen as the pre- depletion value because
w\.‘

o



31

IS ’ ) y a
- ‘g9 pue g9 Kep ueamiaq ATTED kunmsmﬂmm:m‘mmw.aumqum_wB m.t~ 3
% *6S PuB IS Aep ammaumn4haﬁww wmuamawﬂamam sem TDOH-NId wE,N.ﬁ 3
om vam ¢y Aep -usamiaq hdﬂmv vmudwsmﬁmanw ses TOH-NId wE 9° o, P
i *uesw ,2Yy3 jo uouum vumvumum b
a# mmv\wa s® vommmuaum q
. “oqe payoed HE\wu se posgaidxy ®
p : W * 7
o.NﬂN.wm. 2°s¢E 8'Gt ° .9k 9°0¢t 7' ES 87y z°o% 9°¢¢ mmo.m €9
1°176°62 G'oz. 0°ce .0°67  0'Z€  8'87 . 4°9T  L'8T  €CE 295°T 8¢
1°172°12 vgl . z'9C 6°0C . 1°€Z. L°TT o'z 807  2°9T vmw.o 6%
1°TF0°%1. 10T %741 0°11 ¢'€ET . £°81 8°ST R ARt vn.wﬁ 9€°0 Y
8°1%0°81 G tl 8791 VANAY 9°1¢ 0°82 681 8 ¢l 6° %1 9€°0 8¢,
VARAD S X = 8°0¢. €°91 | £°8C 762 8°G¢E ¢'8z  T1°1¢ 9€°0 137
8 152Gt 6°LE 1°L€E 8°9¢ 130 £ L°%T 9°1y - T'%¢ 8lLE 9¢€°0 V{4
1°6%6°LE " 1°9¢" 6°6Y% 176t 8'ss L°ST '2°6T- 67Tz 8°WS + T9E°0- . ~LT
9°1+L°8C £°1¢ w.wN 9’'LE 0Lz oos'ee €°6¢ «.mN‘ € L7 90°¢ .ba,
. E°EF9°HE [ A VAVAS - VANA 1°0Y 6°8€ 1°8¢ 6°L2 90°¢ 1
v <
A s i - oa, 5 € -y SR
Uzmm.ﬂ u, « Om ﬂWn
Uedy . mHUMhMbm \ . L peUTUEITA skeq
e ]

uasvm w nﬂ mmxovﬂuma mu%uonsuhnm 30 ao«umuucmocoo ueaw wnu uo a3elut

Y

e

*soAT3de0RI3U0D TRIO SUfSNn USWOM

€

om cﬁsmuﬁ> 3o 30933%

.“)WthH



¢

Figure ' 1. _ Effect of vitamin B6 intake on mean. concentration of erythrocyte

pyridoxal in 8 adult women using oral contraceptives.
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presumably it was not influenced by previous ad . libitum dietary in-

take nor by unfamiliarity of the subjects ‘with the study.'

—_——

Depletion Period' After 7. days on the low vitamin B, diet (0 36 mg/day),

the mean E—PAL concentration incre;EEH’from 28.7 to 37 9. ng/ml packed

P

-

cells, representing a- 327 increase This increase was.. attributable fﬁ_M“WMu;“m;

principally to 3 subjects (A E and G} and was_ not statistically signi— P
ficant. "Fu (435 observed a similar phenomena in a study (Appendix VII)

' in which young adult women consuming a low vitamin B6 diet (0.34 mg/day)
for 8 days had an. increase of 18%. in erythrocyte vitamin B6 over the
initial, pre—depletion value. This effect could be a mobilization of

| ,: stores of vitamin B6 from other body tissues to the erythrocyte in. res—
-, ponse to the stress of a diet low in the vitamin
Following 2. weeks of consuming the low vitamin B6 diet the mean.
—PAL concentration of the subjects dropped slightly to 35 2 g/ml of
| packed cells but still remained higher than the pre—depletion value of
28 7 ng/ml Following 3 weeks of depletion mean. E-PAL dropped ‘to 18
: ng/ml of packed cells. This - value was 63/ of the mean value obtained
v on day 10 ‘a decrease which was. significantly differentf (P<O 01) After
Q;“§%T ". 32 days of consuming the low vitamin 36 diet, mean E—PAL dropped further _f'
| | to 14 0 ng/ml of packed cells, and therefore when the depletion phase .
: was terminated only 497 of'fhe original E-PAL 1eve1 was retained The
difference between the undepleted level and the most severely depleted
 level was significantly different (P (0 001) a |
| Fu (43) studied the effect of vitamin B6 depletion and repletion
on erythrocyte concentration of this vitamin in normal adult women of

similar age as’ thexsubjects in the present study, but not using OC The :

low vitamin B6 diet used by Fu contained 0 34 mg of the vitamin per day :

Pl



,_dand Figure»Z _ A slight increase in EfPAL concentration occured after

Avitamin ‘B

’ 1ow vitamin B

e

f‘yand was similar in cpmposition to the diet used ‘in the present study

x. A comparison of -the changes in E-<PAL that oecured during depletion and

'repletion in the study by Fu and in the present study appears in Table 10

ot b

the first week of depletion in both studies After 29 days on the de-

ficient diet the nonusers of OC showed a decrease in mean erythrocyte

6

-gimilar. period of depletion (28 days) also showed a decrease in E—PAL
.:concentration but only to 63/ of the initial level Fu 8 study con~

'tinued for a further 14 days of depletion so that after 36 days on the:

6 diet mean erythrocyte 1evels dropped to 1?7 of the. pre—‘

.depletion value, -and after 43 days to 14% of the depletion value. De— o

-

e

'””pletion in, the present study contfhued for 32 days, at’ which time ery-/fﬂ

throcyte levels had decreased to 49/ of the pre—depletion values.

\It was originally intended to carry “the. depletion phase through at

least 5 full weeks, based -on the observation by Fu (43) that the ery-‘

' throcyte levels of vitamin 36 tended ‘to level off after 5'weeks of de—

3

.pletion (see Figure 2) An additional week of depletion produced a further
':decrease of only 3/'in mean erythrocyte vitamin B6 concentration in— .
'dicating that maximum depletion had probably occurred at. approximately
AS'weeks Furthermore if the Speculation that women using anovulatory

Vsteroids already had lower levels of erythrocyte vitamin B6 proved to be"

their non—treated counterparts. The depletion phase of the present stu?yl

was terminated slightly earlier than planned after kitchen personnel
: observed that several subjects had complained of feeling depressed

and fatigued Supplementation of the low vitamin B, diet with 0 6. mg/day'-

1eVels to 47% of the original level ( The OC users, after a A,

35

'correct they could conceivably reach maximum depletion more rapidly than _ ‘.'
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. . i . ”
. Table 10. Effect of vitamin B 1ntake on percent change Adn
: ~ o erythrocyte pyridoxal concentration in users and

nonusers aof oral contraciytives.

4

" Days. - - Vitamin ' ;"ﬂ ,_._; % 0f

- SO e ) _
' D;et’ R Intakeg e Level

R '_edjustment o T o
o 10. dayg . 2,06 . 28,7 - - 100"

oe 7T 03 37.9 132
‘Users 14 0.3 35.2. 123 .
| oo o3 0 2mi T e
28 - 0.3 . .18.0 63
32 - 036 _"14.0./ "
4 . 0.96 - 21.2 T
49 - 1.6 5,299 . 104 -
55 5.06 .., 39.2° 136

1 0 0.3 336, 100
8 . 0.3 397 - ‘118
150 . 0.3 263 78
S22, 0.3 230 - . 68
Non- L 29 - 0.3 158 47
' Users of .| . - 36 P d;34 o 58 - L? :
oc 43) |43 0.3 . 46, 14 . o
| s0 o ouse o dgd 56
o} sz 1se Taes 18
Sl ces . re2 o vuss’ 135

a Expressed as mg/day.~ ce
b. Expressed as ng/ml of packed cells
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of'PIN~HCl was _promptly started o - R ‘.
- Although the degree of depletion achieved in this study was not as -
great "as that achieved by Fu, the rates of- change as reflected by the‘

slooes of the curves illustrated in Figure 2 are similar in both studies.

ad the period of depletion been extended ‘a similar degree oﬁ depletion.b_v /;;

might have been obtained.

The effect of vitamin B depletion on vitamin B6 content of blood

6
in'adult men has been reported by Baysal et al. (22). They agree that

i plasma and whole blood vitamin B levels also fall rapidly during vitamin

v » B6 depletion and rise. following supplementation thus reflecting the .

level‘of intake.. In the study by Baysal et al‘ (22) and Kelsay et al.
/.
. (23) after 40 and 39 days respectively ‘on an intake pf 0. 16 mg vitamin /
N\ /
. ‘ 6 per day, E-PAL in male subjects decreased to 14/ and 19% of the ini-

- tial:E~PAL, respectively; These levels of depletion agree with Fu's
- v

‘.obServations-(43)'but are somewhat 1ower than those obtainediin”the
present‘study

Rqéletioaneriod* After consuming the low vitamin bﬁ diet for 32 days,

ﬁj’/the sﬁbjects were supplemented with 0.6 mg of PIN—HCl per day, bringing

the\total daily intake of the' vitamin to 0. 96 mg. This phase of re-.
: '?x\ﬁ i‘\p\etion continued for days,.and resulted in an increase of E-PAL in all’

AN

. sub}e ts. The Eman\h—PAL concentration ‘rose from 14.0 to. 21 2 ng/ml of
,__packe:l\ cells ';the increase being statistically 31gnificant at a P(O 01
"E—PAL Rbncentration at this level of supplementationoreached 74% of the
7init1al valdéa The,difference between the undepleted erythrocyte con—‘
"centration and the partially repleted erythrocyte concentration was

”significantly different (P<10.01l_7v_‘ - o '«l- X -. g



'mg vitamin B

> 40 and 39 days~of depletion at a vzgamin B intake of 0 16 mg/day, sup-
‘plementation with 0 5. and 0.6 mg of PIN-HCl increased blood concentra i

of vitamin B

8 subjects, Mean E-PAL concentration after this second phase of re-

-)/‘ - . 40
r‘. ~‘ ) ‘

In the work of Fu (43) following 43 days on a diet containing 0. 34

-~

o '_U

6 per day,‘supplementation of subjects with 0 6 mg PIN—HCl

per. day for 7- days increased E-PAL from 14% to 56% of the initial level

‘ In the studies by Baysal et al, (22) and Kelsay et al (23) following

6

levels, respectively.v

in ‘male subjects from 14 to 394 and 19 to- 477 of initial

In the second repletion period supplementation with 1.2" mg of PIN-

;HCleay~for 8 days significantly increased the,mean E-PAL concentration ";5

‘from 21.2 ng/ml to 29 9 ng/ml of packed cells (P‘(O 001) This sup-

plement of 1.2 mg of PIN-HCl resulting in a daily intake of 1.56 mg of

- vitamin B6’ restored levels of E-PAL to pre—depletion levels in 5 of the .

-

*

pletion increased to 104% of'the pre;depletion value, with no_significant,
difference between mean E-PAL condentrations after lO ‘and 58 days on the

study Thus, a daily intake of 1 56 U@Rof vitamin B6 per day was. 5

‘ficIent to- restore the mean E—PAL concentration to that obtained before

t
Ay |

.depletion. However, this intake was inadequate to -restore E—PAL levels

to pre-depletion levels for: 3 of the 8 subjects (C F H), who initially .

~ had- the 3 highest E-PAL concentrations ' This effeci could notube at—

ltributed to the type of OC preparation used or the duration of use.

Ll

In ‘the “study conducted by Fu (43) a supplement of 1 2 mg/day for 3 .

™ e,

" days restored E-PAL 1evels to pre—depletion levels in 4 of the.8 subjects.J

" Mean erythrocyte concen&ration rose to 78/ of the initial value "The -

~

discrepancy in the rates of repletion between the present study and the ///

study by Fu ¢ould be due to the fact that the second phase,of repletion
. . / ) S a ) "“' ‘ T - .
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4

in the pre?ent study was 8 dayslas opposed to 3 days in the study by~ FU“r~—-i§\\
Subjects in the final repletion period received 4 7 mg of PIN—HCl/
-day, which resulted in-a daily intake of 5. 06 mg of vitamin BG per day
.'gh_for 6 days. Supplementation at this level increased the mean E-PAL con- | -
!centration significantly from 29. 9 ng/ml to 39 2 ng/ml of packed cells -

—~(p<0. 025) The»resulting mean E~PAL concentration was 1367 of the un— .

..'depleted<mean\33hcentration and was significantly different. (P<:0 025). -

At this daily intake of 5. 06 mg j}'vitamin B6 for- 6 days, E-PAL ¢con-

v

5centrations in all 8 subjects were completely restored to pre—depletion

\'p © levels. .hb B j

e _ In the final repletion phase of the study conducted by Fu (43), a

o

fmean daily ad libitum intake of 1. 62 mg of vitamin. B6 for 11 days resulted

in a mean concentration of E-PAL which was 135 % of the initial value o o
o~ '
Thus, a comparatively higher level of PIN—HCl was required in the present

v’, e

| study to increase E PAL concentrations to the same degree as thab‘re—-
‘quired for normal women. Brown et al‘ (27) found that supplementation
of both OC users and controls with 0.8 mg of PIN-HCL did not restore'

&
'1plasma PAL to starting values, but 2 0 mg or 20 0 mg supplements elevatedr

S

1 N
‘these: le#els above normal following consumption of a diet containing about

vicamin.B /day for 1 menstrual cycle No- appreciable differences'

0.2 mg

in pldsma PAL were’ seen between OC usersrand controls during repletion.
¢

The effect of the supplementatibn of varying levels of PIN—HCl for
var"ng 1engths of time on the level of PAL in the erythrocyte in ‘the OC
'users £ the present study and in the nonusers of the study by Fu (43)
. . is shown in Table 11, The response to supplementation was much smaller

" in the users of 0C ‘than that found in nonuse;s of OC AlthOugh phase 1

of repletion in both studies was identical in level of" supplementation

~ R -
. . naf - L . . . 0.
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| in E-PAL 4 times greater than that shown by the oC users._;' C .]e;-

3

- - . .
’ e
= .

¢ . S SIS “

and duration the OC users showed a smaller percent increase in E-PAL

°

concentration per mg of the vitamin consumed than the nonusers Of OC.
~

The second repletion phase was of longer du?ation in the study on OC

' users " but again a smaller percent increase in E-PAL per mg of vitamin

B6 consumed was observed " In the final repletion phase nearly 2 times

the amount of vitamin B6 was consumed by the OC usgfs than by the nenusers

+ a.
(30 36 mg vs. 17 82 ng), yet the nonusers showed a percent increase

[T

-

In comparing the total response of E-PAL to supplemented vitamin B6

: over the entire repletion period (21 days in both studies), although the

Aof packed cells, a total percent increase of

in an 1ncrease in E-PAL levels from the mean depleted value of 46 ng to 'y il

'B6 by OC users resulted in an increase in E—PAWofrom 14.0 to 39.2 ng/ml“
18

total ingestion of vitamin B6 by users of " OC ‘was higher than that in—

.

“gested by nonusers the E-PAL concentrations in OC users responded with

(
less sensitivity. Thus a total intake of approximately 50 mg of vitamin

&

% over the mean depleted

value while an 1ntake of " approximately 30 mg of the vitamin resulted

R Y

454 ng/ml of packed cells in the nonusers of OC. This was .an increase of

2

’ 8874 over the mean depleted value. Further comparison of the percent

increase - per mg of the vitamin consumed (calcul ted as total percent“

A_increase + total vitamin B6 intake} produced va ues. of 30 4 and 3.6 for\

nonusers and 0C users, respectively, thus illus rating that nonusers were

o

i

'capable of a 10 fold greater percent increase pe@ mg of vitamin B6 con—

© sumed. than- oc users. ‘ oo o N R

~

™~ ‘ ‘ ' \

From these calculations, the groupoof young women using OC showed

T a relative insensitivityvto suppl\m/ﬁted vitamin B6 when compared to the

33,

i,control group, an observation which cou}d reflect an increased requirement/"' -

e - . . o7
. X . . . . 4

R . . - o
. . . P . \
. i . - : ' :
. o R e o .
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13

of vitamin B/ by this group.‘ Based on the criterion of complete restora-
"
tion of E- PAL to starting values after depletion of erythrocyte stores
/ .

of vitamidyb this requirement was between 1 5 and 5 mg of vitamin B /day,

6’

as. opposed to the requirenént of 1. 5 mg/da for normal young women (43)

Possible explanations for the smali response of the erythrocyte in

»

OC users wo ingested vitamin BG could be that depletion of other body A

ftissues is’ more severe than in the erythrocyte, and thus a longer time

:

e

"at a higher 1evel of vitamin B6 is necessary for repletion' or, that the

'demand for vitamin B might\be‘higher in other tissues, such as the brain

6

. or liver thus shunting a greater amount of the vitamin away from the

o
3

:

'erythrocyte.‘ Such a redistribution of the coenzyme ‘may be the result of
increased activity of PAL—P dependent enzymes. It has been established '

: that estrogen containing ocC administexed to female rats (38) reSults in

increased activity of tgyptophan Oxygenase. The enzyme-in turn stimulates'

the trypﬁophan to niacin pathway, thus increasing the need for vifamin B6,

" the cofactor necessary for the several vitamln B6 dependent interconversions.

!
Lo
a ——

o
\

Control Study - ‘ S N . e T N

g A group of 8 adult women not using OC consumed the low vitamin B6 diet

plus a supplement of 1. 7 mg PIN—HCl/day for a9 day period, corresponding

to the adjustment period of the experimental study Concentrations of .

-PAL for the control ;rodp .are shown in Table 12,

Mean E-PAL after ~day was 24 O ng/mL of packed cells' after 9 days Ca

the mean, E PAL level rOSe to 32 2 ng/ml of packed Cells. ;The,difference

w .

between these two means was significant at a P<f0 05
The mean initial value for the control group was significantly 1ower

/han that for the experimental group (P {0.025). This result was un- -

a2 o . B RS
o . -~
i s
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. expected. It may however, reflect a difference in dietaiy intake of

vitamin B6 between the two. groups.' Without actual data describing the

dietary intake of the 2 groups previous to- the study, it is only specu-

" E-PAL levels | o : y _

—One of the- major metabolic end products of\vitamgn B metabolism '

that. the nonusers had lower 'intake of vitamin B6 ‘and thus lower:

~

2
,9

,\«“

) 7

is 4-pyridoxic acid @12) thus determination of this metabolite should s

ically reflect dietary intake of this vitamin Comparing 4-PDA

'exoreted by the 2 groups, the OC users excreted 3 42 umoles of 4—PDA/g

' T
: creatinine/Zé hours, which was significantly more thau%the 2 58 umoles/g

ncreatinine/ 24 hours excreted by the nonusers (P(O 01) These- findings

\.;. )

could support the supppsition of a higher intake of the vitamin by. the

Free vitamin 363 mainly PAL, is excreted in the urine, thus this

L™
lation
. theoret
' OC users.
’ “"paramet
: ' groups
e BEOWPE

the gro

.44““ -\J
er can also be used as a reflection of recent dietary intake of

vitamin Bg (12) Analysis of urinary excretion of vitamin B6 in the 2 :

of the present study showed no sigWificant differences between

ups Mean urinary vitamin B level in the 0C group was 74:23 ngv'
: 6

/24 ‘hours, and although higher than ‘the, nonuser group, was not signi—

“ficantly different from the 60. 66 ng . B /24 hours excreted by the nonusers

"Thus, the. hypothesis that dietary intake of vitamin B6 by the OC users

‘was greateu than that for the group of nonusers is 1nconclusive

o . ~ Af

" B; /day,

ter consuming the - adjustment diet containing 2. 06 mg vitamin ]

both the OC users and nonusers stabilized at the similar E-PAL

'~concentrations of 28. 7 and’ 32.2 ng/ml of packed cells, respectively

i
- Q

» a Unpublished data.'

-~



 users of OC,’.He suggested that whereas E-PAL 1evels in OC users of 25

&

R ‘ . ,' S o ' . " ' 47

. i,

On the. basis of ‘the above results,'there'sgpeared tofbe'no evi-

‘dence of reduced E—PAL concentrations in the oc group while consuming

2.06 mg of vitamin B6 Recent work by Lumeng et al. (29) has suggested

that there is.sn age—related variation in plasma "PAL-P in users and non-

.

1

!

~years~or~more in age were significantly reduced those of .20 to.. 24 yearswn,,“,m
showed no change in E-PAL. Results of the present study, therefore may
‘be a reflection:of»this-age—rééatiOnship in that no evidence of lowered

E-PAL leVels'ﬁere.found in QC'users.With a mean»age of 20 years. wl

. -

- ‘ 2




'.'ciency of vitamin 36

.43

'C. Erythrocyte Alanine Aminotransferase

N

'E-Ala-AT Activity

" The - E—Ala—AT activity, in vitro PAL-P stimulated activity and in

vitro PAL-P percent stimulation of E-Ala—AT in 8 female subjects using |
vOC are presented in Tables 13 14 and 15 —Ala—AT activity and percent
“fstimulation by in’ vitro PAL-P “are illustrated in Figure 3 : ;““-5i“fuf“*"’mt

.Adjustment Period' During the adjustment period 2.06 mg of. vitamin B6 '

was - consumed daily for 10 days. The mean E-Ala—AT activity after l day
on the study was 143. 1 pg of pyruvate/ml of packed cells/hr After 10

days mean E—Ala—AT activity showed a nonsignificant decrease to’ 138 0

o

. pg of pyruvate/ml of packed cells /hr. ;7 - --1"3'ﬁ ';" e

| s - e

-Depletion Period' After 7 days on the low vitamin B6 diet (O 36 mg/day)

3:the mean E-Ala-AT activity of the 8 subJects rose again nonsignificantly S

=

’

- to, 143 5. pg of pyruvage/ml of packed cells /hr A concomitant.increase
was observed in E-PAL, providing further indication of a shift of the .

’-coenzyme to the erythrocyte in an initial response to a dietary defi—

After 14 days on the deficient diet ‘mean E—Ala-AT activity of the )
subJects dropped to. 102 3‘pg of pyruvate/ml of packed cells/hr This : l¥55
decrease resulted‘in a significant change from the pre-depletion level -
bdof 138 0 pug of’ pyruvate/ml of packed cells/hr (P(O 05) L
Following 21 days on the: low vitamin B6 diet a more statistically”

’ significant decrease occurred (P<LO 025)° as mean E—Ala—AE decreased to'?
'~'86 3‘pg of pyruvate/ml of. packed cells/hr, or to 624 of the mean undepleted
'activ1ty _ Depletion of the subjects continued 11 days longer and’ was

accompanied by progre551vely diminishing enzyme activity Méan E—Ala—AT

activity after 28 and 32 days of depletion was. 76 0 and’ 62 7‘pg of pyruvate

N,
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1

S activity in adult men .unresponsive to eithe

S and Cinnamon and Beaton (31): however have shown E-

‘ _Q- A . . o P c V e

/ml'of packed cells/hr: respectiVEIy. E-Ala-AT activity at the height
of depletion was only 45% that of ‘the mean undepleted value.. The dif- -
ference between the two levels was highly\significant (P<(0 001) The .‘
decreasing E~-Ala-AT activity was accompanied by a’ reduction in E-PAL

concentration.

Raica and Sauberlich (30) detected in” by 5 of E—Ala—AT

' |}

g ,‘,,,
Fu (43) obtai,neh similar' o

:7-,

» with vitamin B6

'-WOmen undergoing vitamin B6 depletion and

fﬁhggsal R, al'. "(22)
a—AT activity in

adult men fed low vitamin B6 diets to decline to levels significantly

lower (P<'0 01) than predepletion levels Rose et al (18) found E-Ala—

o Am activity to decrease ‘to a level 58/ of the starting value in one- male

subject consuging a low vitamin B6 diet for 20 days |

- The discrepancy in the above findings may be due ‘to a difference in

methodology, “as both Raica ‘and Sauberlich (30) and Fu (43) used a spectro-

photometric method whereas results reported hy Baysal et al ,122), A
%thinnamon and Beaton (31) and ip the present study were obtained by a

'colorimetric method

Repletion Period' A daily supplement of 0.6 mg’of PIN—HCl for 7 days

‘ resulted in increasing E-Ala-AT activity in 6 of the 8 subjects. “Sub~

-ﬁroup offadult o

‘-/_,

upplementationw;;mug

jects E and G did not.. respond to the supplement E—Ala—AI in these sub- '° h

jects actually declined slightly Mean E-Ala-AT activity increased

- nonsignificantly from 61 7 to 65 0 pg of pyruvate/ml of packed cells/hr, '

“or to 47% of the 1nitial activity
o The consumption of a daily supplement of 1 2 mg of PIN-HCl for the

next 8 days produced substantial increases in E-Ala“AT-actf”{iies in all



4

- subjects The mean activ1ty (105 pg of pyruvate/ml of- packed cells/hr)

resulted in an increase in E—Ala-AT from 47% to 77A oftthe initial ‘level.

‘This increase was statistically significant (P<.O 05) Although none of~

the individual values reached their respective initial values at the abovef

level of supplementation, the mgan value was not significantly different

from thq mean undepleted value : 'mfilimf'm'Mfw'T B

The final phase of repletion, consisting of a daily supplement of

A 7 omg. of PIN-HCl for 6 days, resulted in a continual increase in the.

r w E-Ala-AT activity of the subjects, from 105 9 to 129 6 pg’of pyruvate'

°

/ml of packed cells/hr. MEan E-Ala-AT activity was increased to 94%

.’

~“of~the mean initial activity, w1th individual values'restored to original
, levels in’ 4. of the 8 subjects Although the mean E-Ala—AI activity on the”
.,' last>ﬂay of the study was still below the pre—depletion value, there was

no. significant difference between the two means

In the study by Baysal (22), subjects cqnsumed a diet containing

- 0. 16 ng of vitamin B6 per day for 27 to 40~ days and’ were then supplemented

- w1th 0.6 or 0.9 mg of PIN—HCl for 10 or 20 days Onlyvslight increases'

in E—Ala-AT activity were obsexved Further supplementation with 50 g

.'of PIN-HCl daily for 3 days did not restore E—Ala—AT activity to pre-

”'1depletion levels , Cinnamon and’ Beaton (31) reported ‘that E—Ala—AT in their

vitamin B6 depleted subjects did not return to normal until after 3 to

ff& weeks of,- daily Supplementation w1th 2. 0 mg- of PIN—HCl Rose (18),

however u51ng ZQ_mg of PIN—HCl/day for 9 days was able to demonstrate L

complete restorat‘on of E—Ala—AT activity in his . subject

.The. general consensus is that E-Ala—AT is more sevengly affected thaéaJ

t. ¢

R other aminotransferases and restoration of this enzyme system occurs.

w

with‘difficulty; Ihese findings are substantiated by studies in the ratf'

.’d’
o L



k3 e
P

(69! ZQ) Results from the present study tend to indicate _that like-normal

adults, —Ala—AT levels in women using OC decrease sensitively to decreased .

dietary intakes of’ vitamin B6 and respond slowly to in vivo supplementa-L

o~

’ ,afjon of the vitamin. The 0OC users, however, required vitamin BG in amounts

- in ‘excess .of the normal adult women to restore E-Ala—AT activity to the-

tion of E—Ala—AT activity was parallel to that observed in restoration of

/

V—PAL levels ' th systems responded slowlynand no effect could be attri-

buted to the type of'O

The slow restoration of —Ala—AI activity to’ prewdepletion 1evels

B, deprivation might be due o apoenzyme depletion, Since it is known tgst f

6
'apoenzyme synthesis is vitamin B6 depende \t (41) If a deficiency‘of

Al

n -

apoenzyme did exist addition of the coenzyme\in vitro in the form of
e

pyridoxal phOSphate would produce little if any additional enzymatic L;f
- 'activ1ty In. the present study, however,‘addition of 50 pg of PAL-P
to an in vitro system resulted in an increasing percent stimulation .as
@

. the def1c1ency progressed indicating that the decreasing E-Ala—AT activity
. b S

was due preaumably to deficiency of the coenzyme only ;

An alternate explanation for the lack of response of E-Ala—AI R

7‘activ1ty during re

L

) to some»other‘

1t\has"

the E—Ala—AI system. .een suggested Qy;%ginwet al. (70) that

, P Asp—AT apoenzyme in’ rat tissues and plasma has a greater affinity for
e L

reparation used or the duration of its use. e

by in. vivo PIN—HCl suggests that t e decreased activity produced by vitamin

etion might be that a redistributidn of the coenzyme f}

56

‘“pre-depletion“level; The effect of vitamin B supplementation.onmrestoraf_muNinf

tem had occurred leaving insufficient amounts for‘>7

éJvitamin B cthan does Ala-AT tCavill et al. (71) - found that human E—Asp—AT.f-.

6

a - ‘combines more strongly with Ehe c0enzyme while E—Ala—AI aépeared to be

] ©

more sensitive to Vitamin B6 deficiency ' Erythrocytes fromvsubjeets

e : . : AL . o . N B



e

'«

rate of the erythrocyte in the human. The duration of the repletion -
- _period may._ not have been of. Sufficient 1ength for enough newly synthesized o ’}
= cells containing the increased 1evels of vitamin B6 to accumulate._ The

- use’ of OC,Asuperimposed on all these mechanisms may further impede the :

;,cause a further redistribution of the vitamin between apoenzymes (72)

AdJustment\FErigdA The//ean percent stimulation of E—Ala—AI by in vitro

| separate studies reported mean stimulation of E—Ala—AT with in vitﬁp .

- values reportédffo

. ‘ . n‘ .

'-studied by Cinnamon and Beaton (31) also appeared to contain Asp~Aﬁ~” , .af'

p ﬂ;w::ﬂ-

- TS .
REUIA

possessingga greater affinity for the coenzyme than did Ala—AT.

Fu (43)bsuggested that a mechanism for the slow response of the

aminotransferase to supplementation might be due to the slow turnover :

v

[N

4 S

"~ rapid andzcomplete restoration of E—Ala—AT activity as estrogens may - -"

-

s

Percent stimulation of E—Ala—AT with in vipro PAL—P

<

';;PAL—P in 8 subjec:s“ﬁging anovué;tory steroids after 1 day on the adjust—

a

iment diet was~l4 0/ After 10 ngs ‘on . the same diet mean percent

0. -v~‘1

"stimulation of E-Ala—AT dropped to 9 ﬁ/‘ This mean was derived from 6

‘. "o,

' f.subjects BEcause of insufficient sample from subjects B and D

Woodring and Storvick (49) reported that with normal individuals

there - is little stimulation of E—Ala-AT Percent stimulation in 45 normal

}

,subjects ranged from»O/ to SA Gheney et al (51) and Sauberlich et al.,

o

AN

(12) reported that stimulation with in vitro PAL-P seldom exceeded ZSA
SEETCI . _

The same appears to be true for women using OC. Rose (18 33) in two . g
J._. R

PAL-P to be 20))and ZSA in the 2 groups of OC users studied. The 1n1tial o

\s,'

-

R}

he OC users of the present study are in a similar

- Ad

Co , ¥ ! B e . B :
range as reported by others for normal subiects.} o R i
e . . . Lo X ,‘ B T‘ ) '»__":
Depletion Peribd As the depletion period progressed the trend observed ';ﬁ’ !

S r : Z"“ ‘ . VJ“"'_ . S - .' ‘“”"'.~ S “ e

~ N . L . ‘( ».‘.&.:.;,-,.

e LT e = -



. . ) : . . v‘_ . . i e .
[ . ‘r . v ; S ;
o : ' : - S - o :
l'h“‘ n : ' B L E i . 1 LT o 58 <
N , B : SR . . ¢ ‘ '

S

/ ' . . , . 3 : e
s . -

v e '

s - in.mean in .vitro percent stimulation of E—Ala—AT was dd@”of gradual in-
, 7 S

v o /7/crease. Mean values for percent stimulation fbr the first 3vweeks of

s

~// depletion increased from the undepleted value of 9.0% to 11 74, 17 5%. . iggg‘
e » and 19.4% after- 17 24, and 31 days on’ the study, respectively These g : o

increases ‘were not statistically significant. An’ unexpected drop in per-—

._cent stimulation inconsistent with ‘the corresponding basal-E-Ala—AT o ;"“" e
activity, pccurred after 38 days on the stui?. It too was ndt statistically .
- significant. Mean percent stimulation at thes height of depletion ho&EVer,
increased to- 24, 6% and was once more: consistent with the preceding trend
of inoreasing percent stimulation of E—Ala—AI. This increase would 1ndi—

: g cate that,although erythrocyte levels of the V1tamin B6 coenzyme were

'Ldiminishing, as evidenced by decreasing basal actiVity‘of E—Ala;AT,éthe'

~

level of apoenzyme remained.constant..vi‘,¢%5

Lo . e
. K

e ARepletion Period rA.fter 7 days of snpplementation with D 6 mg of PIN— L ;;

v . »
jﬁg;. o /HC1 per day, mean in vitro percent PAL—P stimulation of E—Ala—AT rose
s 3 N o )4

'igv R unexpectedly to 25.8%. This value was not 51gnificantly different from
. A 3
‘ the value ‘at: the height of depletion, however, this slight rise;was not

consistent with the 1£crease observed 1n both the mean E~Ala—AT activity

. B . L j"

Al s P ’ -‘w ~ 73

P ."';l and E—PAL leVEl

y{;,

t s
F°1l;¢i¢2g§ dﬁgs ‘of furthet §upplementation “with 1.2. -mg’ of PIN—HCl/f

. "y 4 , ,;i fviﬂro‘PAL—P percent Stimulation of the subjects de-
o r A v‘”*‘:“-'.. r a
T . N R Gl .' M n(xz

- . "&v : : -
6 supplementation at‘the i 56 mg level was not 51gnificantl¥\d1fferent,

;}}il;.-‘.. B .
The final phaSe of repletion diminished still‘jprther ‘the percent S ‘ ?

ey

in vitro PAL—P stimui:tion. After 6 days of daily supplementation with Jw'
4‘7 mgzof PIN-HCl percent stimulation decreased‘fnom 14 2% to 10. 84.;/[ S

At
M
<




' B

," C ntrol Study e 7,‘l;;f;ih':]

Although the;mean initial and final values for percent stimulation

were not significantly different, only 4 of 6 subjects achieved values ,

)
’

._.equal towor below&yhat of their pre—depletidn levels~ The data for . .o,

l(,,.

At
—&lg-% ct@,;present study are thus cohﬂistent .with t.he previous
. pt . .

n t“{:.a,.L____ _1‘ X & ” ‘
findan

that E-Ala-AT is sensitiveyto X diegary deficiency of vitandag?i

‘B and"g%?slow to respond Lb'in.viv”w i plementation The data also

6
;sﬁ gest that\some adult womé&

\,v

may*require .an amount. of vitamin )

- " ”{w_ o~
ing<PC’

1’_‘ \"

in éXCESSJOf thatfrequrred Byanprmal adult women.

5

6

Cinnamon and Beaton (3;) suggested that the measureme
j e
vE-AJa7AT s}imulation with PAL%? was the most meaningful parameter fn the

";of.innvitro« .

. "/;

assessment ‘of vitamin B6 nutriture.‘ Although the present study does

indicate that percent in’ vitro PAL—P timulation of E—Ala—AT tends to

Y

reflect v1tamin B6 intake individual,values show a great deal of fluctua—
tion. ThlS variability may be the rjsult of non-enzymatic transamination

which is known to occur (73) Addi.ional studies padFicularly tho;e
on subJects who are u51ng oC, are ecessary to establish the validity*
o I : .

-“and usefulness of this parameter._' R :

r

ey

"b ‘.(

)

_p"‘ .
R

stimulated activity and percent stimula-:
. M ~ -

.The E—Ala—AT act1v1ty, PAL'.
vtion of E—Ala—AT of 8 adultjwom;n not using 0C are presented in Table 16.

~fThe study period of the control group corresponded to the adjustment- .
Aperiod of the experimental study ' Mean E—Ala—AT activity after 1 day

3 “yr '

'v-was 105 8 pg of pyruvate/ml of packed ceng/hr. Although this value was..

\\‘\

“1ower than that obtaiged 1nitia§ly 4 thegexperimental study, the dif—
) D

( 4

:f“ference between the 2 means- was not signi cant. After consuming this

“ ‘v V4 Ca ke

S e . 3 -7‘_J J

diet for 9 days, mean E—Ala—AT act1v1ty f the subﬁects diminished slightly ?.

%+
. - AN . ' -

o ...L,‘,‘.
. . . ) )

;,qﬂ -'-,' : . - e .'-- Lot “ ) _ I o
- . . Lo o e o . - . el

.--3’:‘\:]‘ .‘ . -'—
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to 104 0 pg of

'difference betweef

. ks
experimental subje\K .

The mean

—on" the control

: 3
ial- Qalues

\SP'<0 025) This result was unexpected.

,\\\ The effec

\
-

| | has\been inves
: vtheir\findings

| E-Ala-=AT level
‘ference in the

P S Rose et a
,either basal E

*nonusers of 0

percent in. vit
,In women using
: AT activity wa

'PAL-P was sign

et al (33) found a significant increase in the in. vitro PAL~P stimulation

Of E"'Ala-AT/ A.n

pyruvate/ml of packed cells/hr. Therenwas no significant

‘this and the corresponding alue obtained from the‘.'

in vitro PAL-P. percent stimulation after’ 1 and 9 days ,

study . was 15 :0% and 21. 34, respectively When compared

e _,'3

\

a

s however, the final value of the control study was

1 -

N EPE ST
.. Al id ) » - ., F
o ignificantly higher than the corresponding experiment?l study value

t of OC usage on E-Ala—AT activity and percent stimulation
tigated by many researchers A comparison of -some of
appears in Table 17. Aly et al (16) in a comparison of

s in users and nonusers of oc. found no significant dif-

2 groups. In vitro PAL-P stimulation was. not investigated.
1 (18) also observed no significant differences between

—Ala-AT actiVity or the PAL—P stimulation in a group of

C and a group of OC users who had useﬁ the preparations

for 6 to 36 months. Doberenz et al (32) measured E—Ala—AT activity and ‘

x\/ .

ro stimulation by PAL—P in 11 nonusers and A3 OC usersr4 » }ﬁ'{
Lo

OC for an average length of 2. 5 years mean basal E—Ala—'

8 significantly Tower (P(O 02) and percent stimulation by . |

ificantly greater (P(O 001) than that of nonusers. Rose s
ERE S

a group of - 80 Oclsteroid—treated women %s compared to a
1

t0mthe experimental values, there was no significant difference between 0.,

St

' group of 50 controls (P40 025) No difference was observed in the basal W

= acﬁivities of

‘-duced inconsis

( Low

this enzyme Thus, it is evident»that ocC therapy has pro— N

tent effects on E—Ala—AT activity and»in vitro’ PAL-P

61
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‘Table 17. Compat;son of mean E-Ala-AT activity and percent
o ‘ stimu}ation by in vitro PAL-P. in nonusers *and
"~ ' userg -of oral. contraceptives. C e :
T - - .
- E-Ala=AT =~ . o

Pxeeent study _ - T .

70t e, . . nonusers : : x104 .uNsd-
' y 0G users ’ S 138

}!et ai ':('lﬁ)b : ' | ‘-: T R C ;o
ST _ nonusers e 546 \ANS' o -
s . ‘ y v \~.~ OC users o 546 - R . -

M

iy .««,,Rbse et 81 (18)c o o _ ]
_‘nonusers 290 e 17 e
- 0C users Gy D ' 307 NS S 20 .. NS

. Doberenz et al. (32)
5 : nonuserg o
s*. . OCusers . R T IR 118

o

S
—
~J
'~
N
™

<0.001
Q. L aane ST - ) L , v
- a Rosé et al. (33)" . - T S _ L :
: o ‘nonusers o ST 3000 18 T U o5 TN
# . -0C'users : s 343 ‘Nsvzﬁi1,pg;egi;:_f?‘piozs -

a kActivit? is expressed in pe pyruvate/ml of packed RBC/hr.:
b “Calculated, values " Qonversion based on' 1l mole’ pyruvate , 88 g f'Q4.V'

ﬁg?f c QCalculated values. Gpnversion based gh normal blood values for the °
' . female.‘ Het - 42%, Hgb:1¥ g/100 ml blood ' By

T d Not statistically sigﬂifé§ent.' «ﬁa; "
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"stimulation ‘when compared to normal women.

'the stress of a dietary deficiency of vitamin B6’ required higher levels‘”““"*“

. A_.)

‘a,,

T o

The measurement of E—Ala-AT activity and nercent stimulation with .

4in vitrg PAL-P in the oc" users of the present study while consuming . {

©2.06 mg of vitamin B, daily" did not indicate a vitamin By « deficient

sta%e. The data, however would tend to suggest that this group, after
of the’ vitamin to restore aminotransferase activity to pre-depletion

‘levels than is agreed upon as the recommended daily allowance for normal

™

'fadult women (11) The amount of the vitamin that was required was _,

'.between 1. 5 and 5 mg per day and- is similar to ‘the amount of- vitamin B6

,required to restore E-PAL to 1evels observed before depletion.

©°

- S

~ 9 .



-

a7

L A]

~ those reported by Fu (43) ﬁhere E—ASp—AT activity ranged from- 21 7 to h

o diet similar to the one in the present study ' Unlike ¥

',unrelated to dietary intake of vitamin B6 and inconsistent with trends

a 1eve1 significgntly lower than that obseé%ed initially (P<:0 001)

All subjects showed a decrease at the,end of depletion but whether ’

: that “liver Asp—AT is insensitive to vitamin B deficiency (69 70) This

‘Yf‘;’r‘ : t . e : ’ [ : ’ ,' S . C (“. 64

."d"‘v

D. Erythrocyte Aspartate Aminotransferase s

The E—Asp—AT activity, in vitro PAL-P stimulated activity and per-
cent stimulation of Eﬁﬁs -AT by PAL—P in 8 female subjects using OC
is presented 4in Tables 18, 19. and 20. -Asp-AT activity and in vitror

AL—P percent stimulation are illustrated in Figure 4,

k4 -

Mean E-Asp-AT activity ranged/from 38 1 to 82 0 pmoles-NAD/ml packed

cells/hr during the entire study These values are somewhat higher than L

61 0 pmbles NAD/ml of packed cells/hr in 8 nonusers of OC consuming a

‘ es 1ts for Tl .

normal women E~Asp-AT in OC users of the present‘stuﬂydshowed no syste-

L"" n'

: matic response to deprivation of dietary vitamin B6 Throughout the‘-‘

ntire‘depletidn phase weekly, random fluctuations in E~Asp—AT activity, .
&

e g ¥

observed in E—PAL 1evels or E—ALa-AT activity, were observed No changes

» A o Ty !

i s
in- E—Asp-AT activity were significant throughout the deplefion phase.
® [

Similar fluctuation in E-Asp-AT actiVity was- reported by Rose et al (18)

After 32 days of depletion, the ‘mean E-Asp—AI activity diminished to

T}i-*f

E-Asp—AT would have cbntinued to decline had the depletion phase been__ay

extended is- unEpown.- Possibly the E-Asp—AT system in women using oc 'i’.‘i k";
. - A. .. i ) . '.,_.

g requires a 1onger time to become deficient in coenzyme than was . allowed

in the present study R -bf o '. ».:,ﬂ_ o ;g . __'; o

..‘ ~y

11 ObserVations in the rat depriVed of dietary vitamin 86 indicated : 4;g;~i o
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.'finding has been extended to human erythrocytes (22 71) with the con-

"clusion that E—Asp-AI might have a greater affinity for its coenzyme -

‘ PAL—P The observation in the present study that E-Asp—AT activity did

[

'.; pletion, daily intakes of 0 96 mg and 1 56 mg of- vitamin B6 for 7 and

' v,'repletion (5 06 mg Vi

‘&the study was dnly 91/ of the mean undepleted activity, the difference e

".Because of the tendency of basal~E—Asp-AI to randomly fluctuate and to =

also lend support to his c

ﬂfrom that observed at the height of depletion., During the third phase of..
N significantly (P (0 OA

Abetween the two means was no; significant ’-‘.' \ : S i'ﬁ;u

not decrease significantly until 32

L]

ys of depletion~had elapsed would

Response of the E-Asp—AT system t‘ésupplemented PIN-HClVdid not'

consistently reflect intake of this vitahin. In-phase 1 and 2 of re--

8 days respectively resulted in no significant change in E—Asp-AT activity i

‘hin B for 6 days) E-Asp-AT activity did increase 1'5

¥

: Although mean enzyme activity at termination of

. Other wOrkers have also found EJAsp—AT to be rather unresponsive to

sugplementation with vitamin B6 Fu (43) found mean E-Asp—AI activity of

.' . ., -
F— . i

4'8 nonusers of ocC who had consumed a low vitamin B6 diet for 43 days to

| ,‘.,;y,.

vbe restored to 644 of the undepleted activity after daily intakes of

NE .
0. 94 1 54 and 1. 62 mg of the vitamin for 7 3 and 11 days, respectively. o

Raiea and Sauberlich (30) observed E—Asp-AT in male subjects consuming
1ow. vitamin B6 diets of either high or 1ow quantities of\protein, and ' i‘ o 3fi
nd the enzyme activity to reach only 70% of the undepleted activity on-

-«pplementation with 0 75 to 1. 7§\mg of vitamin 36 daily for 12 weeks. 'Ej )

§ respond inconsistently to in vivo supplementation with vitamin BG’ it -

X ‘f?'is not 3 reliable indicator of vitamin B,

’ : . .

9:,;,L : 9

6 deficiency e

Qv ... ) : ’ " . . (. L Bheal
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"Percent stimulation 'of. E~Asp—AT with: iﬁ!vitro PAL-P - .- .

v

v

The percent stimulation of E—Asp—AT produced weekly fluctuations .' - fl;

\

.*that corresponded to the unstimulated enzyme activity a ‘Where E*Asp—AT o e

_activity showed a decline, the percent stimulation of E-Asp-AT showed

an increase (see Figure 4) There was no indication of coenzyme de-,

ficiency during the depletion phase ‘ag would have been the éaSe had

the percent stimulation o E-Asp—AT continued to increase..

.

Supplementation with the varying levels qf PIN-HCl produced a
b:response in percent stimulation of E—Asp—AT very similar to that produced b?
.‘in'the basal E-Asp-ATvactivity.. Bgth'basal and stimulated_va ues were'.” i"l

.’Mslow in returning to initial levels. dven7aﬁter'the:fiﬁal phaseuof | |

repletion, only 2 of the 8 subjects achieved percent stimulations equal
-to- or below the. initial level. h S ;t.;'l : - Jv,i,

Yo
LY

Although other workers (30 31) have found percent stimulation of
% . T e

E-Asp—AI.wit Vitro PAL—P to provide an acceptable‘imdicator of L e

\

in status, this did nbt appear to be the case for;the 0C usews of

L > B

v.\

.¢'the present study.e No consistenpy in response was observed as a result
’ 43 . :

of the type of OC used or- the duration of its use.‘wnﬂ

4 "ContrOl Studj . " ' - . o “‘. ‘ . I o " . y': ‘ L B V
The E-Asp4AT activities PAL—P stimulated activities ‘and perceTt

-‘stimulations'of-E—Asp—A$ with in vitro PAL—P of 8 nonusers of OC are

.presented in Table 21, -:'A o R Ax* ‘ﬂ-f- o ,7‘a£°£- -

> E o -

Mean E—Asp—AI activity of this group of nonusers after l‘day on- “the.

E control study was 56 8 pmoles/ml of packedocells /hr° a. value very similar o BT

R

to the mean E—Asp—AT activity of the,OC users shown on the same day. Vzel'_i‘ ;

:'VAfter coring the adjustment diet containing 2 06 mg of vitamin B6 -

el , . b
. e N '

) . . . =

) n N - ’ o - . : T
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ﬁer d‘ay. forﬁﬁ' days" mean E—Asp‘—-A’f activit'y @the ‘nonus\ers of OC dr‘opped"
Ve 5
" to 48, 4 }moles/ml of packed ceils/hr. .g‘he values after 1 an‘ti 9 days were *
° . - :, _Q‘ . * ‘ .

w " ".'not significantly difierent. ;ITxA

,JZ - the’ nonus‘é\‘rs of OC Wi""?r bOth Stouys consuming the same- c‘ontrolled diet ity 8

- S e e ’ . c

for- a similar period of, time. L% s o e
oy e d"‘ . ",.

z Mean in vitro percent stimulations of E—Asp-AT acétixvities in f:he

25

' g, A ','f"
_&7' 'Jg Y

/

from eaph other, nor were they significantly di‘r"ferent from ‘the corres—‘é ; f’;,vaf
AR e SRl
ponding values of the group using OC. ' : v R ,}; T T e

. . ev“-_k, oy, :l:“,
o The effect (ﬁ OC usage ‘6n E-Asp-AT activity and percent gtimulation ﬁ‘ )
ga

-

:

8 b’een investigated by others._ A comparison of the %ndingsmf the

e . -

" N | ”I;re@sent study with thoSea df Aly et al, (16) and Rose et al"' » e
h presented,in JZ[J{‘iahle“’22 In ail studdlies:a significantly »i _ ' R
¥ Agp—AT ctivity wag sh”%m in OC users than in n{):nusers;‘;"fﬁ_\ ‘
Lo percent . timulation@'th in vitro PAL-P of’ the present study\was similar ‘ @) ‘
- y

at in both studies by Rose (18 33) in that soxhewhat higher per—" ‘ -? :
’ ¢ .

cent stimulations were sbown by nonusers of OC. It has been stated that %
. . ‘ . . .
Nk i

-A.sp—AT has a’ great affinity for the coenzyme (71) and perhéps the . ) _V
. UL

x :
affinity is even greater in women usin.g OC. : The possibility then exists, =
‘.,v.' - . \ ‘ -~ . .‘,:\" '
o that the apoenzyme dn OC users was more fully saturated with coenZyme s
s R R R

; thus capabIe of lesser stimulation with PAL-P in vitro. In all four , . -»42:;—-\ o

> ﬂ ‘se ‘,».

bR . studies, however the dif.ferences in mean percent stimhlation betwée’it

-

;' Lot e

f'?r.- T OC users and*. nomfsé\rs were not significatit. : 'f‘\ \ : .‘ e ‘ . -
e The data for basal E"AkP-AT activity 1has e a. definite increase in B
: Cae : : ): g » . | \\

v . N

. the activity of this enzyme in women ta,kigg OC s pointed out by Aly * \

L et (
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". Present. study .

. nonusers. -
-0C ‘lee;r's

- «
o Aly et a1, (16)®
W, :& - "% nonbsers.
T 0t users’.
RV .

" Rose et a'l. (118)
) ‘& R nonusers
¥, ©0C'users -
- <% \‘.. 4_ ’50 h «Q ‘ A " . o . i . ;
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, ww i ‘:.. . , | ' | - Q\‘
iy et.al (16) this%higher E—Asp—AT activity is not in itself an indication
C. of vitamin B deficiency, when E-As ~AT should show a decrea=;'-” ueke .
v % 'g.‘.:; 3 '
et al (33) stated,that assay of E A:p—AT would be of little for
the identification of vitamin B e ~ciency in women using OC This ,$.
" ‘,higher E-Asp-AT leVel in OC users . does suggest either a more cactive . .
e i'enzyme system or, an increased synthesis of apoenzyme or both The ultimate
. iconsequence would Be an increased need for the coenzyme PAL-P. —Rose et
R ,al (33) has suggested that elevated E—Asp-AT could also be" due to stabi— _
< lization of the enzyme molecﬁle with al decrease in the rate of degradation.éﬁu"
. Whether or not the consumption.of estrogen containing oral ¢ontggk
E : ". T - ' > e pow .
’ ceptives is directly responsible fdr the above effects ﬁ% unknown f&

~ s
cpeased requireme t oﬂ vitamin B6 by this group of women.

3 "i

} 3 ibution of PAL—P within the bpdy and may féflect dn in—"
i, : -'vﬁzl -~y ) .—-—’.
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: % : . . ,GENER.AL DISCUSSION S ‘

R A c°1assical method in the determination of the requirement for a -
- A

.t

-pa:cticular nutrient\is establishment of a basal or normal level of that o
»Q :

' _nutrient or some parameter that reflects its status, depletion of body

1 S e

L stores pf the nutrient and then rerpﬁetion with [(nown levels until- the

. basal level is once again reached"‘. This was the general procedure{ : v
S v‘_..folJ‘OWed in the present study"i%& , . . - i S .
' . FE Result; from SPAL analysis showed that only after an. vintake of . P
,q‘ h vitamin B6 at the’ 061 mg/day level were original values restored to.

normal in all 8 subjects._ In contrast to the - present study, the - work :

B g :PAL levels in nonusers of OC w&? complete&y .
‘.“& . } :_g%@«‘by a. daily iﬂtake of 16§2nn§ o? vitamin 36. v |
g ;‘Compariscm of the reSpons “of. boths use%é’ émd nonuSers °f ﬁshcwed ithat “ya
. ‘; i?'gonu;\ers had a muc“hy‘greater .increas.e in E»“PAL per milligram Of Vit;l‘lni!'f'gd3
R )

F _»;"“’"‘BVG consumed after haviﬁg had their body stores depleted

ca

7 ) St ﬁ.‘ )
Analysis of E-Ala—AT activity and in vitro .percent Stim“1ati°n also o

] reflected an increased need for Vitamin B by the OC users o@:he present‘ .
' study Depriv:ation of dig y vitamin ;B6 for -32. q,ays resu].ted in a ] o

“

r

AR o significant d}ecline in mean E-Ala—k%\activity wh!ch was restonedlto 94/ :'.a‘ L' ‘ e

mof the mean- 1n1t‘fal value by an 1n1:ake of mi&amin B a& the § 06 mg 1evel

-,4“ Results from peﬁcenft stimulation with in. vitro PAL—P indicated again that" R

vitamin B6 1ntake at the 5 06 mg level had not fully r’estored im,tial .
‘, L ‘-. f' S . . .‘ - R ¢ . ) '
s L sugecte. o T

. LRI »‘.,,‘ - e . . . .
, o Enzyme aotivity )o;. E:;s{:}‘g’l‘/ ja‘:gvpercent{ stimuliticmwwh théiﬁtro B I .
: PAL—'P. in these same subjects did not respond to either depfetion of or,

/ . -'repletion w1th supplemental a.mounts of vii:amin B6 : 'i'he° reliability of g
M L V'_-.tthis parameter for assessment of v,itamin B6 nutriturecin women uSing gcu }



: is questioned.
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An intake of 2 0 mg of viﬁamin B, per day is recommendedohy RDA.f(‘ .

(USA) (74) for adults consuming 100 g of protein og more. The vitaminf_' - .

\.v' ¢

-

"B requirement for younrg adult women, based on urinary excretion and

$

2

. i

ythe erythrocyte, indicates that at least some OC users require vitamin

.:vitamin B6,per day;x Ia view of the estimate th’

7;diets supply less thgp 1 0 mg'of v1tamin B 5ﬁér

. Vitamin B
- alters vitamin;B metabolism.. The estrogen progesterone c0mbination '_-5
,might,directlyhaltEr vitamin B6 métabolism in the erythrocyte but it -

.tis,mOre'likely'that the erytﬁrgcgle-reflects altered metabu@?%luof the-‘f;,,i‘
- . ‘e S

4 .mechanisms for the action of OC onuyitamin B6 metabolism have been pro—'”v'

6 ,»' ", . . .

\\erythrocytesievels othhe vitamin and E—Asp-AT activity and stimulation

—._
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o Bé in amounts ‘that are greater than 1evq- recommended for eﬁtﬁbr adubts L

9 . - B
- - )‘ R -

o ” ' ‘ R RTRE
“stated it is proposed that the requirement fs between/l 5 and 5, mg bf e

8

" Y
'any North American P

"14~;»

a o ~ wf".'.: DR
N .',' ! . .‘n’!

’of Driskell et. al (76) that 3/4 of the femaless&ndants in-a dyth'”

determine vitamin B6 requ1rements consumed 1eas than the 2. O mg/day re- . .z'g

commended by RDA (USA) (74), an amount of 5 mg of vitamin B6 could be

tlnet only by some form of supplementation, perhaps 'in pill form or by

fortification of foods. AR oo T S
: S o S

The observat;on that OC users mighﬂ_require higher iptakes of:

to restore E—PAL and E—Ala—AT to initial levels folloWing

4

6
depletion of body stores is an 1nd1cation thatyoc usage in some way % ,iv Af P

L]

6. s > ,
"'

[

vitamin'invthe entire system or- perhaps in a Specific organ ,Several

\ . R IS

kY

A:.\'<\\-' K73 "b”

poséd but conclusive eVidence as to the exact nature of this effect
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. ,;;" remains to be ellucidated. Among the possible explanations are o L
A ‘@Effect of estrogens on the adrenal cortex.,,,' L LT s

'Q‘ ‘ Alth&xgh tﬁe use of oc had not yet: become widespread Sandberg and

SRR M “Slaunwh.ite (77) in. 1959 provided‘ evidence thaﬁ‘ the estrogenic component R

. ':- A’. >

AN of these preparations was. capable of altering cortiso.lﬂm&abolism byg

- e ;1' increasi,ng the bind;l.ng capacﬁy of corticosteroid gainding - globulin

?,é@ﬁgz_. (CBG) for glucocorgacoids, thus increaiing bhpod leyels of theee protein :“;yﬁ’ii;
: fg/u; bound glucocorticoids. Keller'et“al (78) confirmed the above éinﬁing s 'ﬁ&;‘
o ‘»and‘furthgﬁ;demonstrated Qbat although these 1ound g&ucocorticoids were ll?li/i.:?
.ifggfrﬁty'finsrt, theyﬁconli ¢ '1s by pinocytosis and disspciata.from ;}litéﬁi;
EERR the' CEG..tdv."y'f' e ree glucocortff.\oids» ‘s-ﬁpporviné ‘ev/iden,ce _f_omes 0

. /:.; from recent studies‘reporting increases in plasma and:se;u;'levelstbg » ;f;a

total {bound and unbound) glucocorticoids duripg fherapy with combined
estrogen—progesterone preparations (79 80) There is now&evidence that:fﬁf'u

-

in addition to bound gluc0corticoids

. levels of free glucocorticoids are_’

'q,. °U 't(v ot e

'is modifying influence of %

"

3\ increased during oc therapy (3.1 82)
2%

L o o L . : .
‘ ?»*l- . estrogens upon§§drena1.function migﬁg have

.fveral ensuing effects on o~

We.d - . - PR 7 EE . . . .
- - - ¢ . - AN L3

- .. enzyme systems. .a,” ;'u:- R . o : ;

1) Tryptophan oxygenase (TO), the first and rate Iimiting enzyme in the :
- tryptophan to nicotinic acid pathway is glucocorticoid iﬁﬁucible.' SR R T

¢ ==

\ : AP I . .
Greengard (83) demonstrated that administrati 6f .

Y

.;" f; 'Braidman and hos (38) have shown that estrogens stimulate
llié‘, liver /ﬁltman aél
hydrogortisone in humans caused marked increases in hepatic TS levels /kw,'v
as determined by tissue biopsy, and was accompanied by increased urinary -
. Y S

] o

‘ excretion oﬁ kynurenine.' In view of the evidence supporting the hypothesis
of estrogen-mediated increases in bound snd unbound glucocorticoids, it is.

p0551b1e that estrogegg can influenqe EG'aLtivity indirectly by their)gs
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S of total plasma amino acids in oc, sere\ '\ Holt (86) found no significant s,

: and 3—0H—ANTH after a 1oad dose of 2 g of tryptophan., Urinary eXcretion

.'here showed that the OC users excret‘ed signif v =

XA K and 3-OH-KYN. Analysis for. 3 OH—ANTH w

at urn—over r&te of the tryptophan to nicotinic acid pathway with an, v

Famd \‘

:in'crea _in the requirement for PAL-P - the coenzyme necessary for ) ‘#‘b

several interconversions :Ln the pathway T '-,;,‘:

t

LS

Rose and McGinty (84) studied cortisol- induction of TO in human -

| -.subjects and found that cortisol administration produced elevated ex= -

p.~ v ':A-

4

N

‘of tryptophan metabolites following a similar load dose of tryptophan in

’ cretion of the follorw;lng tryptophan metabol,ites. KA ‘KYN 3—OH—KYN, T

KOXS ‘)«' N

ugsers and nonusers of OC determined in thé present study but not repOrted

'higher 1evels of
A »‘“-*J k '

S

\

%quirement for vitamin B in this study, determined b’y E-PAL and E-Ala-

6

AT activu:y,.thus could have bé@n ‘. re.g,lection of a functional vitamin B6 ”

. 2) ﬁraidman and l§ose (38) have shown thaae.strogens produce increases

4'usage produces similar Ala—AT indm&gns in huma{z liver, Rose and

‘\A{.’..

deficiency induced by the increased capacity for the conversion of trypto--‘."‘~

.
¥

phan to nicotinic acid and thus a. subsequent great'e\r need for the coenzyme.
I

. . ) \‘«w ) .Av
in - 2 other corticoid - inducible enzymes' . tyrosine a:minotran S ase

;;

(‘Tyr—ATkand Ala—AT in rat 1iver. : Although it is not kn?ota‘n wh §é,‘ry OC

e —v--v_ 2 ‘/

: .Cramp :(39) have demonstrated a t}ecrease in plasma t:yrosine conce,ntration

- in OC users, an effect att/ibutable to increased catabolism of ,this am:lﬁ: ';

"?‘

acid by Tyr-AT ‘Aly et 41 (16) found sign?ificantly lower levels df

-

total plasma amino acids in OC users when compared to nonusers. . The i

RE . NI

decrea\se was due principally to markedly decreased non—essential plasma

’ o m‘y- > t

amino acids. Other researchers (40 85) have indicated diminished levels

~, e

. £ne. : The increa'sed"

r’?
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amino acid levels appear to be due, not to increased caﬁabolism, but

V elevation in total urinary nitrogen in Q)%users,'thus, the'decreasedaplsama

e
a“'ﬂt

perhaps to increased tissue utilization.;' :] o o It "‘: A

v

It is possib}e that OC,agents increase other PAL—P dependént amino—h

acid metabolizing pathways indirectly through an- estrqgen—mediated increase .

1
-t
a

\l
AT activity

in corticoid activity in the Iiver, thus causing a redistribution of -

tissue vitamin B6 to the liver. Lefauconnier et al. (87) have shown that

repeated injection of cortisol into female rats did increase 1iver Tyr—

. . ) A
M

BeareﬂRogers et al (88) demonstrated that estrogen -,;”7'

dependent en;ymes,.however, could indiqate a greater need for the coenzyme..

. If sﬂch a mechanism occurs in the human, it could possibly account for

containing OC administr&tion to female rats produced elejhted Ala—AT : *t

v«? ﬁ-’! :.‘ U
activity in the,livgr»\ In both studies ho increase in actual ‘1iver::

L'

g content oﬁtvitamin Ba.was shown. The increased activities in these PAL—P ¢

.- .

i3

the need for 1arger amounts’ df vitamin B6 to restore E-PAL and E¥Ala-AT

dePleted S t.‘ oL o PR R A e

. . - e . .. -\ . . . ] B . . \ P st s . \ »
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o ;ﬂﬁrbctseffects of estiggens .on. enzymes-- f;- Y vf]- S ;)~_vJ
: - g N -,

LN

v

directly»by estrogens while the effeot on Ala-AT was secondary tooan %_ s

: adrenocdrtical response. Braidman and Rose (38) demohstrated that

adrenalectomy

:dgé:u‘

-

? V : Estrogens can affect enazmes’which are not mediate@'by way*of adreﬁo-.

in the OC users ok the p{;sent‘study after having had their body stores

R N . A 9

cortical hormones. Brin (89) examined adrenalecztom:l.zed‘E ovariectomizéd

/"A. .,

. female rats and found- reduced \FO" and Ala—AT activity. Onby'TO was re—' )

stored by estrog?n administration,.indicatingkthat To was influenced g;&

o'

o

'T\Q\ -estrogen trea

reduced TO and TynyAT activity in femsle rat liver, and that

El

Ve

, ce - . Tt .~l _’ '-,. L .
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ment only partially restored the activity of these enz?mes\ '”'
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’

to.control values.»df';,_.' gested that adrenocortical steroids were*

A B

required for full expression of estrogen effects on TO and Tyr—AT but -f

! hd N B TN

a}‘*{that estroge@s also exerted action on these enzymes which was not mediated -;:

N ~§,, . \‘F A .
enzymes, in addition to- those inducible by glucocorticoids may be . af~ _

B fected by OC usage. Thﬂp explanation could possibly account for the _1,'

5significantly elevated E~Asp-AT activity shown by OC users.

~ Y

~

R +N Enzyme inhibition by estrogen conjugates._ , )""d) 'fA" .
Mason et al (90) have demonstrated that sulfate esters of estrogens -

‘.

o

. T doses of PY —Hél reversed this inhibition by\a masswaction" effect. This Cv hf»i

L

interferenée of estrogen conjugates has been cited as one of the mechan- S

- ”
1sms for altered tryptophan metabolism characteristic of many oc users

N

zh(gl)’ as it does explai F he in eased 3—0H—KYN and ﬁﬁfgﬁfretion fol- ',' ' ,

is mechanism, however woufd anﬂk} 0“%;

fllowing‘a,tryptophan;;

-8

6 Ll»

>

bekpected:to.affect(tissue
C I T
S o ~

\

NE vitamin B o L.

1'by E-PAL and Edﬁla—AT dete ~ nations fgqmostﬁéikely a combination of v?f';rf”?'

5 apoenzyme 1nduction, coenzymerrediStribution within tissues, and possibly o

\ R - - 4

‘V-‘enzyme inhibition . Two important observations, however must be kept in '_ el

WA . e

?mind The first g™ that although ocC users required higher levéls of d;','f::;%_nf

,fvitamin B6 to restore E-PAL and E—Ala-AT to initisl 1evels sfter depletion “fg

R3S
T ] i

of their body stores, their pre-depletionovalues were not significantly

5 ..
el ’ / - - . St T . ."’ N . & L : o P N ' B
Y s ' oo . IO ) 0 S L
. : :
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o these abnormalities were cog¥ected by doses\of'vitamin B %gieater than fi'=:"5

G

o B intake Of‘$w06 mg and ‘no" tryptophan 1oad there was no. evidence of a

" treatment : ’ . K o N Pl o o . N . _\'_\, a -.‘7‘?

hw
..,ﬁu.t

¥ B

-‘subclinidal deficiency of v1tamin B6 in the OC users ‘of the present study.:f“j

A5

different fro@ ﬁgbse found in nonusers of 0C.: Analysis\ofiﬁédspeATuin' v }m
the 2 groups confirmed the previous finding that OC users ‘have signifi- <;l
cantly elevated E—ASp-AE 1evels- -an observation which does not reflect '\;‘ ﬁ_i_
vitamin B6 deficiency ﬁg: second factor to be considered is that the -

abnormalities in urinary trvptophan metabolites occur only after the path—v'

’

_ waf‘is stressed with a load dose of tryptgphan. While on ‘a daily vitamin R

B
“w d ';~;m” -

However when an element of stress, 1ike a dietary deficiency of the

" e v oo

vitamin or amino acid 1oading was imposed on the OC users of this study,."
N

abnofm/lities characteristk; of - vitamin B6 deficiency did appear.; Thac §%Z \‘;T'
) ;5:'_,..,‘ R

J

‘the 2.0 mg recommended as adequate for the normal adulé’woman (11) is [‘f“

a .

7:.‘_ {3 /

an indication'gf an. increased reauirement for the vitamin.

Nown L Ty

0 . ]
. -
3

. L ‘ R
Possible 1mplications of an increased vitamin B6 requirementJﬂuring OC

P = ' - . o e
N - N N e . . - . 3 P
Yo ) o N

.A Depression has been frequently reported as QD of

of OC Use (37 92- 94) and iqggome cases has been Q;!:>iated by,vitamin L g ( s

\:\..iiv > ' ' R
B ugpéemenlation (37 v92, Qﬁ) A frequently proposed hypothesis tb

5 explain sﬁe dathanism of OC iaduced depression is that of déqreased 5—» '?:f,';

d t 5— i trypt i . . This. ... =
hy roxy ryptamine ( §I) synthes s from ryp ophan‘ n the brain f Th S. S e

decreaseﬁ*synthesis is*thought ‘to’ arise from' ‘;‘J o ?" ' ;y o "f,w-u’u
1) the increased‘TO activity which pours tryptophan down the nicotinic

el Y T
acid pathway and away from the S-HT pathWay, and .j,.t."“'.,‘: - ‘

2) the functional deficiency of vitamin B6 created by the increased TO

© e e
A

activ1ty, leaving ipadequate amounts of the coenzyme necessary for normal

o -
5

-hydroxytryptophan decarboxylase activity in the brain._ Since depression :'h:f.;

R . 7’ ‘\. . . SR N ‘> v .' - . . o
1 . . * . o R . cf S
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h;; " vis~often a'cauSe for discoptinuation of‘OC'usage, theltherapeutic value
T o vitamin B6 warrants further investigation._ B
o o .
B. The tryptophan load test has revealed abnormal tryptophan metabolism
‘ R
in pregnagpy that w§s correctable by the administration of. vitamin B6

7(96) . pléima 1evel of PAL-P (97 9'9)'and E-Asp—AT activity (99 100) T
_ e c -
haveu ISFbeen réported to be lower in pregnant women than in controls ; :

-

\*(

¢ » -
and has een restored to. normal levels by vitamin B6 administration.:
The rig*?g levels of endogenous estrogens during pregnancy are believed

. -
~ . . . a

' to ing;ease tryptophan metabolism mediated rough a 31milar glucocortiégl;fvik, %

'_:coid,induction as described in OC users (100) , An additional mechanism . :;

ihas been proposed by Brin (101) . Analysis of maternal and cord blood Jhw .-'iji_.
'sfor vitamin BégFOntent and aminotf%nsferafe activity showed higher levels Ve

Bg .".‘.f‘i'_i 20

- iyoman who had been previously ingesting/OC could enter pregnancy w1th : ~ﬂ;~‘ fj

- ' . v
’ A}

already depleted stores of vitamin B6vand would thus be 1es§"able to meet S s

the increaéed demands for the vitamin during pregnancy As a result . ¢d~-7\‘

~= - t:

" the fetus as “well ag_}ée mother could be at risk as animal studies have,;lf f”\jdf
shos? lower bodqueights, slower phy51ca1 develnpment and imparfed nqu-
-;f romotor development (1020- as well as gross Rhysical abno\“hdities (103)

f‘ln ;ét pups born to. female rats maintained on v1tam1n B6 deflcient diets.

et N z 4"' “ t \

ar

panticularly in subjects who have pre%iously used ral contraceptives. o

""" n ¢ S e ’
s b ResuTts from the present study support the findings of” others (17
. 1 REGA ..- %r;)

104) thatwfﬁﬁ need fbr vitamin B by OC,users is'&ncreased *Based on -
” <, e w-w.a N - N '_. .
normalization of E~- PAL concentration and E—AlaAQT activity after depletion S

the amount of the v1tam1n necessary

of body stores of vitamin B6’ Q e

S A

e e IR UL Y S Sl e T
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was between 1 5 and 5. mg‘per day This 'amount#}sﬁbxé

«

. OB
30 mg per day propoaed by several w0rkers (17 18, 35, 36)& to normalize st
tryptophan metabolism, but could be greater than tﬁe 2. 0 mg recommended

for ";;ormal won&en (72) rand greater than the calculated average daily ,4 -

\\

,

'\ vit;amiry'JB6 intake of 1 62 mg by young adu’lt women (43)t




- 3 S J ’ . ‘
| 1 5 B L -. ’ = 'SUMMARY.D.‘".". IR ;'_";“},u ;o - i
3 The« e~study clinical analyses showed all subjects to be in. good R

S T h alth& Hemoglolgin 1evels in, the experimental and control grov.fps were

e . e , .
=T Ul r

: normal and were not significi}mtly fdifferent from each . other. AL sub- i‘

' jer:t:st showed normai S-Asp-AT levels and none showed evinence oﬁ excess ’ . q

S urinary glucose.‘ R c el AR 'J ot e ‘ S
) L"' o 2 };emoglobin and’ henatocrit levels in both e:@erimental and control RS
Q S grou;'zi wer@ nOt‘s’affected by the amount oJf ?L#amin B6 consumed/ { e

B _'j" ‘ A comparison of E—PAL concentration in fc rimentalﬁ ‘and - contro], ) ';. qu

. ’ . &jects after« 112 -d:ay onvthe adjustment dd , containmg 2 06 mg of ,) “\'_"

_ o 'f'_; _‘“ ‘vitxamin B6 per day, Jshoved a significantly higher leve], in u,the qxperimenfal 1

; M; group which could have been due t: a. higher intake of vitamin B& 'lf;e, ‘,';,‘"'f' 7,

o ,vious to the study. . After 10 days og, the adjustment@diet both‘ groups, az.g '

: - stabilized a!; xxery aimilar E~PAL concentrations. - Thus, fiof deerease in o :'“':, ,

, / ,P E-PAL ;concentr:tiqn eould be »oatt‘ributed to OsC use\while sug jec.ts”%er% ;(

X . ~—~V - ey o A

Rcér'stuxning/gpproxima{tely 2 ng of vitamin B6. , ,! . : 5\\ .

- ;@.q “4 j’During deple’tlon of the experimental subjects, an inltial 1nsignifice7ht, o

, ; upward shift in nean E-—PAL conce?frat‘ion was‘toliowed‘bty _5 steady decli,' e\ —

L «, to a valye at the‘ end of depletiOn- which wasd 49/ of ghe 'mean 'undepletef ,

__;" mean E—PAL rose to 104/ of th‘e mean initial value.‘ This /evel of're-_
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