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SUMMARY. In 209 young university students (109 males and 80 
females) with body mass index within the normal range, the 
activation coefficient of the erythrocyte transketolase (ETKAC) 
glutathione reductase (EGRAC) and aspartate amino transferase 
(EASTAC) as well as the circulating levels o f vitamin C were 
determined. Using the usual cutoff points for ETKAC and serum 
vitamin C and higher than usual cutoff points for EASTAC and 
EGRAC 99, 95, 92, and 87% o f the study subjects exhibited 
activation coefficients which were compatible with an acceptable 
status for vitamin B,, B6, C and B, respectively. A correlation 
analysis showed a  high correlation (r = 0.81) between erythrocyte 
indicators of B, and B, status a lower correlation between indicators 
o f the status o f these vitamins and B6 and no correlation between 
the indicators o f B,, B2, and B6 status and serum vitamin C. This 
study indicated that in this largely nutritionally adequate population, 
the activation coefficient of the erythrocyte enzymes used here as 
markers o f the nutritional status o f B,, B,, and B6 were related 
between themselves and varied in the same direction. These changes, 
however, were not associated with circulating levels of vitamin C. 
Key w ords: B |t B,, B6, vitamin C, ETKAC,EASTAC, EGRAC, 
interactions.

IN T R O D U C T IO N

D urin g  th e  last d ecad es a n ew  co n cep t has ev o lv ed  
concerning with micronutrient requirements. Currently it is  
accepted that the optim al intake o f  vitam ins and minerals 
should include not only the amount necessary for preventing 
the clin ical signs o f  deficiency but also to prom ote health 
benefits (1 ) , prim arily associa ted  w ith the prevention o f  
chronic d iseases such as cancer, cardiovascular d iseases (2), 
cataracts (3 ), jo in t inflam m ation and arthritis (4 ). T h is new  
r o le  o f  th e  m ic r o n u tr ie n ts  e m p h a s iz e s  th e  u t i l i ty  o f  
m aintaining, throughout the w h o le  life  cy c le , an optim al 
nutritional status for the prevention o f  these diseases w hose  
sym ptom s are seen at maturity and old  age.

RESUM EN. Relaciones en tre  indicadores del estado nutricional 
de las v itam inas Bt, B2, B6, y C en u n a  población de estudiantes 
universitarios. Los niveles séricos de vitamin C y los coeficientes 
de activación de las enzimas eritrocitarias: transcetolasa (ETKAC), 
g lutation reductasa (EG RA C), y aspartato. am ino transferasa 
(EASTAC) se m idieron en una m uestra  de 209 estudiantes 
universitarios (109 hombres y 80 mujeres) que presentaban índices 
de masa corporal dentro de los niveles normales. Usando los puntos 
de corte habituales para la  vitamina C y ETKAC así como puntos 
de corte mayores que lo  habitual para EASTAC y EGRAC 99, 95, 
92 y 87%  de los estud ian tes m ostraron valores dentro de la 
normalidad para las vitaminas B,, B6, C y B, respectivamente. Un 
estudio de correlación, m ostró una a lta  correlación entre los 
indicadores eritrocitartios de las vitaminas B, y  B, (r = 0.81), una 
correlación intermedia entre los indicadores de estas vitaminas y 
el de la vitamina B6 y ninguno de estos indicadores correlacionó 
con los niveles séricos de la vitamina C. En general, este estudio 
m uestra que en esta población de ind iv iduos esencialmente 
normales, los indicadores eritrocitarios del estado nutricional de 
las vitaminas B,, B, y B6 mostraron una correlación entre ellos y 
cambiaron en la misma dirección. En contraste, el estado nutricional 
de estas vitaminas del complejo B no se correlacionaron con los 
niveles séricos de la vitamina C.
P a lab ras  clave: B |t B „ B6, vitamina C, ETKAC, EASTAC,EGRAC, 
interacciones.

T he majority o f  the benefits offered by the micronutrients 
“beyond deficiency” is  thought to be related to the function 
o f  vitam ins and m inerals as w ell as other com pounds present 
m ainly in fruits and vegetables as potential antioxidants (5). 
A m ong the essential vitam ins, vitam in C , vitam in E and the 
carotenes with pro vitam in A  activity are considered to be 
antioxidants (6). Additionally, niacin, riboflavin and thiamin 
are in v o lv e d  in  a n t io x id a n t  sp a r in g  and v itam in  C 
regeneration. T his is  so  because on e w ay o f  achieving this 
regeneration is  through the oxidation o f  glutathione which 
in turn can be reduced in  the FA D  dependent-glutathione 
reductase system  (7). T he N A D PH  required by this system is 
generated  m ain ly  in  the pen tose  phosphate shunt which 
includes thiam in dependent-transketolases (8 ). Therefore,
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hese B v ita m in s  m ay  a ls o  c o n tr ib u te  in  m a in ta in in g  
untioxidant capacity  in m am m alian  o rganism s as it has been 
already show ed by o thers in  the case  o f  n iacin (9).

In this study, ind ica to rs o f  the nu tritional status o f  vitam in 
C thiamin, riboflav in  and p y ridox ine  w ere determ ined  in a 
sample of un iversity  studen ts. T he  pu rpose  o f  this, w as on 
the one hand  to  id e n tify  p o te n tia l d e f ic ie n c ie s  o f  th e se  
vitamins in the studen ts and  on the o ther hand to look for 
possible in teractions am ong  th e  ind ica to rs o f  the fo u r w ater 
soluble vitam ins stud ied  here.

The indicators o f  the sta tus o f  B ,, B , and  B fi used in this 
study w e re  th e  a c t iv a t io n  c o e f f ic ie n t  o f  e r y th r o c y te  
tranketolase (E T K A C ), g lu ta th ione  reductase  (E G R A C ), and 
aspartate am ino tran sfe rase  (EA STA C ). T he serum  levels o f  
vitamin C  w as used  as an ind ica to r o f  v itam in C  status.

SU B JE C T S  A N D  M E T H O D S

The studied p o p u la tion  in c lu d ed  209 young  un iversity  
students random ly selected  from  the d ifferen t underg raduate  
program s o ffe re d  by  th e  U n iv e rs id a d  S im ón  B o liv a r  in 
Caracas city . T he  s tu d e n ts  g ave  th e ir  w ritten  c o n se n t o f  
participation befo re  en tering  the study.

After m easuring  w eigh t and  he igh t (S tad iom eter H oltain- 
Limit. UK. Scale D etecto . S pain), a  12 h fast b lood  sam ple 
was drawn in to  evacuated  tubes con ta in ing  EDTA . W ithin  
Ih of collection, sam p les  w ere  cen trifuged  at 3000xg  fo r 8 - 
10 min at 4°°C , p lasm a and buffy coat w ere rem oved  and 
the rem aining red ce lls  frozen and sto red  at - 2 0°°C  until 
analyzed. T he ery th rocy te  ac tiv ities o f  the enzym es aspartate  
amino transferase (A ST , E C  2 .6 .1 .2 ), tran ske to lase  (E T K , 
EC 2.2.1.1) and g lu ta th ione  reduc tase  (EG R , EC  1.6.4.2) as 
well as th e ir  c o e ff ic ie n t o f  a c tiv a tio n  w ith  p y rid o x a l-5 -  
phosphate (PLP), th iam in pyrophosphate  (TPP) and riboflavin 
(HAD) w ere determ ined  as ind ica to rs o f  the nutritional status 

Bh, B ] and B , respectively . T he  cond itions fo r de term in ing  
these enzym es w ere those  reported  by B ayoum i and R osalk i 
(10). Since the activ ity  o f  these  enzym es is expressed in term s 
of the hem oglobin co n ten t o f  sam ples o f  red  cell hem oliza tes, 
ocmoglobin w as d e te rm in ed  by th e  cy an m e th em o g lo b in  
method ( 1 1). In the sam e sub jects, serum  ascorbic acid  w as 
determined using 2 ,4 -d in itropheny lhyd raz ine  ( 1 2 ).

The population  data  are  p resen ted  as m eans and standard  
deviation. C ases fo u n d  to  d iffer from  the gu idelines used  to 
determine nu tritiona l sta tus fo r the stud ied  v itam ins w ere 
^p ressed  as a percen t o f  th e  total population . D ifferences 

etw een m a les an d  fe m a le s  w e re  e s ta b lish e d  u s in g  th e  
ent s t-test at 5% . C o rre la tion  and  regression  ana ly s is 

'''ore used to d eterm ine  re la tionsh ip s betw een variables. T he 
DP Statistical Softw are  w as used in all cases (13).

R E SU L T S

Table 1 da ta  show s th a t th e  university  studen ts studied  
here , independen t o f  their sex , w ere sligh tly  o lder than tw enty 
years. W ithin the g roup , there w ere m ore m ales than fem ales 
and  the  m a les  w ere  heavier, ta lle r  and  had  a h ig h e r body  
m ass index than  th e  fem ale  subjects.

TA B L E  1 
S tudy  sub jects g rouped  by sex

Population Males Females

Age (y) 20.5 ± 2.4 1 20.8 1  2.47 2 0 .2  1  2.2

Weight (kg) 61.6 ± 12.9 6 9 .8 1  12.9 * 53.33 1 7 .5 4
Height (cm) 168 .319 .5 1 7 5 .516 .7  * 161 .015 .5
B M P 21.7 + 3.8 2 2 .7 1 3 .6 2 0 .6 1 4 .3
n 1 209 129 80

1. Means 1  SD. 2. Body mass index. 3 Number of subjects. * 
Different from the females p<0.05.

T he  data  in T able 2  show  the m ean activation coeffic ien ts 
found  in s ing le  sam ples o f  ery th rocy tes ob ta ined  from  the 
129 young  m ales and from  the 80 young  fem ales under study. 
A s show n in th e  Table, the th ree  enzym es m easured  w ere 
stim ulated  by the in vitro add ition  o f  th e ir coenzym es. A lso , 
th is  activation  w as s ligh tly  bu t sign ifican tly  h ig h e r in the 
fem ales. S ince the h igher the activation  coeffic ien t o f  these 
enzym es by the ir coenzym es the g rea te r the degree o f  vitam in 
defic iency  (14), the da ta  in T able 2 suggest tha t th e  m ale  
g roup  featured  a sligh tly  b e tte r status o f  the v itam ins B fi, B 2 

and  B, than the fem ale g roup . T able 2 also  show s that the 
fem ales had h ig h er c ircu la ting  levels o f  v itam in C.

T A B L E  2
A ctivation  C oeffic ien t1 (A C ) o f  the ery th rocy te  A spartate  

A m ino  T ransferase  (EA STA C ), G lu ta th ione  R eductase  
(E G R A C )and  T ransketo lase  (E T K A C ) enzym es and  serum  

vitam in C  levels in the study  subjects

Population Males Females

EASTAC 1.75 1 0 .1 6  2 1 .7410 .17 1.7810.16*
EGRAC 1.21 1 0 .0 7 1 .2 0 1 0 .0 6 1.2310.08*
ETKAC 1.11 1 0 .0 4 1 .1010 .03 1.1310.04*
Vitamin C
(pmoles/L) 3 8 .0 4 1  11.92 3 6 .3 4 1  10.79 4 2 .0 2 1  12.49*
n 1 209 129 80

1. Enzyme activity with additional coenzym e/Enzyme activity 
w ithout additional coenzym e. 2. Means ±  SD. 3. Number o f 
subjects. * Different from the males p<0.05. EASTAC. EGRAC 
and ETK were used as indices of B6. B, and B, status respectively.
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T able  3 in fo rm atio n  in d ica tes  th e  n u m b er o f  m ale  and  
fem a le  su b jec ts  w h o se  in d ice s  fe ll w ith in  th e  accep tab le , 
m arg inal and  defic ien t ran g e  fo r each o f  the  fo u r w ate r so lub le  
v itam ins stud ied  here . S ince  th is study  in c luded  m o re  m ales, 
T able 3 a lso  show s the  percen tag e  o f  m ales an d  fem ales found  
in  th e  sam e ca te g o rie s  fo r B 6, B 2, B , and  V itam in  C . T he 
resu lts  show ed  th a t u sing  th e  cu to ff  po in ts ind ica ted  in the 
tab le , th e  m ajo rity  o f  th e  sub jec ts independen t o f  th e ir  sex 
w ere in the accep tab le  ran g e  fo r all these  v itam ins. In  addition , 
th e  resu lts  show ed that th ere  w ere  no m ales w ith  a  m arginal 
o r d e fic ien t index o f  B , sta tus, only  2 .3%  o f  them  show ed a  
m arg inal index  fo r B 6  sta tus and  sligh tly  m ore  than  7 and 
8 %  had  low  ind ices fo r B t and  v itam in  C  status respectively. 
In  th e  case  o f  th e  fem ales , only  a very low  frac tion  o f  the 
pop u la tio n  show ed  ind ices  o f  a  m arg inal B 2 s ta tu s  bu t the 
frac tion  o f  the  pop u la tio n  w ith  m arg inal ind ices fo r B j and  
B , w as approx im ate ly  th ree  tim es h igher than  tha t found  in 
th e  m ale  p o p u la tio n . In  co n tra s t w ith  the  low er B  vitam in 
sta tus fo u n d  in  th e  fem ales, low  c ircu la ting  levels o f  v itam in  
C  w ere  equally  freq u en t in  m ales and  fem ales.

T A B L E  3
S ub jec ts w ith  activation  co effic ien ts1 (A C ) fo r ery th rocy te  

A sparta te  A m ino  T ransferase  (EA STA C ), G lu ta th ione  
R educ tase  (E G R A C ) and  T ransketo lase (E T K A C ) enzym es 
and  serum  vitam in C  levels in the accep tab le , m arg inal and 

defic ien t range

Population Males Females
Subjects % Subjects % Subjects %

EASTAC
Acceptable 199 95.22 126 97.7 74 92.50
Marginal (>2.0)2 10 4.78 4 2.33 6 7.50
Deficient 0 0 0 0 0 0

EGRAC
Acceptable 207 99.04 129 1 00 78 97.50
Marginal (>1.4)3 2 0.96 0 0 2 2.50
Deficient 0 0 0 0 0 0

ETKAC
Acceptable 181 86.60 119 92.25 62 77.50
Marginal (>1.15)4 26 12.44 10 7.75 16 2 0 .0 0
Deficient (>1.24)4 2 0.96 0 0 2 2.50
Vitamin C
Acceptable 192 91.87 118 91.47 74 92.50
Marginal (<23)5 15 7.18 9 6.98 6 7.50
Deficient (<11) 5 2 0.96 2 1.55 0 0
n 6 209 1 00 129 100 80 100

1 .Activation coeficient = Enzyme activity with additional coenzyme/ Enzyme 
activity without additional coenzyme. 2. Value indicating inadequate status 
according to Sauberlich et al. (18). 3.Value indicating inadequate status according 
to Bates et al (19) and Boisvert et al (20). 4. Value indicating inadequate status 
according to Gibson (14) and Sauberlich (15). 5. (gmoles/L) Value indicating 
inadequate status according to Jacobs et al (27). 6. Number o f  subjects.

T able 4  su m m arizes  th e  co rre la tio n  co effic ien ts  found 
b e tw een  th e  activation  co effic ien t o f  e ry th ro cy te  aspartat* 
am ino  tran sfe rase , tran ske to lase  an d  g lu ta th io n e  reductase 
u sed  h ere  as ind ica to rs o f  B 6, B! and  B , sta tus respectively 
and  a lso  betw een  th ese  activation  coeffic ien ts and  th e  serum 
levels o f  v itam in  C. T h e  da ta  show  th a t in  th is sam ple of 
young , largely  nu tritionally  ad eq u a te  studen ts, those  having 
ind ices o f  a  low  B j o r B 2 sta tus, h ad  a lso  a  tendency  to show 
ind ices o f  a low  B 6 sta tus. H ow ever, n o n e  o f  th ese  B  vitamin 
ind ices, co rre la ted  w ith  serum  v itam in  C . In  addition , Table 
4  show s a  very h igh  co rre la tion  betw een  the  indexes of B 
and  B , sta tus bo th  in  th e  m ales an d  th e  fem ales.

TA B L E  4
P earson  C orre la tion  C oeffic ien ts betw een  erythrocyte 
fu n c tio n a l in d ica to rs  o f  B  , B „  B 6, 1 s ta tus and  serum 

V itam in C  in  th e  study  sub jects

Nutrient Population Males Females

B, vs B, 0.81* 0.75* 0.85*

B 1 vs B 6 0.43* 0.36* 0.49*
B, vs B6 0.29* 0.15 0.45*
B, vs Vit C 0 .11 -0.04 0.15
B, vs Vit C -0.07 -0.15 -0.03
B. vs Vit CO 0.04 -0.07 0.06

1. For B, ETKAC, for B, EGRAC and for B6 EASTAC. * P< 0.00

In acco rdance  w ith  the da ta  on T able 4 , F igu re  1 shows 
th e  l in e a r  re g re ss io n  l in e  c a lc u la te d  fro m  th e  activation 
co effic ien t o f  th e  tran sk e to lase  an d  g lu ta th io n e  reductase, 
m easu red  in  th e  e ry th ro c y te  sam p les , o f  a ll th e  subjects 
in c lu d ed  in  th is  study . T h e  fig u re  in d ica te s  th a t subjects 
show ing  a  low  E T K A C  also  had  a low  E G R A C . Conversely, 
sub jects hav ing  a  h ig h  E T K A C  also  had  a  h igh EGRAC.

F IG U R E  1
R ela tionsh ip  betw een  th e  ac tiva tion  coeffic ien t o f  the 

e ry th rocy te  g lu ta th io n e  red u c tase  (E G R A C ) and 
tran ske to lase  (E T K A C ) in  209  y o u n g  un iversity  students

EGRAC
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D IS C U S S IO N

The s tu d ied  p o p u la tio n  in c lu d e d  a g ro u p  o f  y o u n g  
university students w ithou t any obv ious sign o f  nutritional 
deficiencies. T he g roup  w as qu ite  hom ogeneous in term s o f  
age, had m ore m ales and the ir ca lcu la ted  body m ass index 
*ere in the norm al range (14).

In the stu d y  g ro u p , th e  a c tiv a tio n  c o e ff ic ie n t o f  th e  
ery th ro cy te  a s p a r ta te  a m in o  t r a n s f e r a s e  , g lu ta th io n e  
red u c tase  an d  t r a n s k e to la s e  w e re  d e te r m in e d .  T h e s e  
coefficients are considered  functional assays fo r the sta tus 
of B , B, and B, respectively  (14) and  they have been used in 
the screening fo r defic iencies o f  these v itam ins both in norm al 
populations (14-15) and  a lso  in detec ting  and correc ting  B 
vitamin defic ienc ies  o ccu rr in g  sp o n tan eo u sly  in d iffe ren t 
parts of the w orld (16-17).

C u to ff p o in ts  fo r  th e  in te rp re ta tio n  o f  th e  ac tiv a tio n  
coefficients o f these  e ry th rocy te  enzym es have recently  been 
reviewed (14,15) and , the lite ra tu re  show s a good  ag reem ent 
in the case o f  the tran ske to lase  bu t no t fo r the aspartate  am ino  
transferase o r g lu ta th ione  reductase . A ccord ing ly , d ifferen t 
investigators (18-21) have used  d iffe ren t values to  rep resen t 
acceptable, m arg inal o r defic ien t sta tus o f  B6 and  B , in  th e  
populations they have studied . In  this study, the values used  
for the transketolase assay are  those reported  by S auberlich  
(15) and G ibson  (14). H ow ever, th e  va lues u sed  fo r th e  
activation o f  a sp a rta te  am in o  tran sfe ra se  and  g lu ta th io n e  
reductase w ere  c o n s id e ra b ly  h ig h e r  and  s im ila r to th o se  
recommended by S auberlich  (18) and B ates e t al (19 ) as 
well as B oisvert et al (20) respectively . U sing  these cu to ff 
points the m ean values fo r th e  activation  coeffic ien t o f  the 
enzymes studied here  fell w ell w ith in  the accep tab le  range 
both in the m ales and  in  the fem ale  students.

The decision to  use  h ig h er activation  coeffic ien ts for these 
two enzym es was m ade  since there  w ere no obvious signs o f  
nutritional d e f ic ie n c ie s  in any  o f  th e  su b je c ts . In  o th e r  
populations w ith no  signs o f  deficiency, activation coefficients 
higher than those estab lished  as th e  u p p er lim it o f  norm ality  
114-15) have also been used fo r the th ree  enzym es m easured  
tn this study (18-26). T h ese  d isc repanc ies lim it the value o f  
using these enzym es in p red ic ting  vitam in status.

As d e sc rib ed  b y  S a u b e r lic h  (1 5 ), th e  g u id e lin e s  fo r 
'nterpreting vitam in C  status, from  serum  vitam in C  levels 
has also been a m atter o f  debate  w ith accep tab le  levels ranging 
from 1 1 -3 4  ¡¿m mol/L. In  th is study w e used 23 pm m o l/L  
based on the w ork o f  Jacob  e t al (27). U sing  th is value, it 
aPpears th a t on th e  av e ra g e , th e  s tu d y  su b je c ts  h ad  an  
aPpropriate status for th is w ater so lub le  v itam in. T he h igher 
cumulating levels o f  v itam in  C  found  here  fo r the fem ales 

as a*So been reported  by  o thers (27 ,28).
^  This in terpre tation  o f  th e  da ta  suggested  that in general, 

e Population as a  w h o le  as w ell as th e  m ales and fem ales

studied here  had  accep tab le  ind ices fo r B , B ,, B 6, and  vitam in 
C . H ow ever, th e re  w ere  a few  su b jec ts  w ith  m arg in a l o r 
defic ien t indices fo r som e o f  these v itam ins. In  general, the 
fraction  o f  th e  sub jects w ith in  the  accep tab le  range w as m uch 
h ig h er than that w ith in  a  m arg inal o r d e fic ien t range and , 
am ong  those  in th e  la tte r g roup , th e re  w ere m ore  fem ales 
than  m ales. A fte r co m paring  the percen tage  o f  the sub jects 
show ing low  B vitam in ind ices in th is study w ith those  found  
in  non -supp lem en ted  healthy  sub jec ts in o th er stud ies (2 1 ), 
it appears tha t the inc idence  o f  m arg inal ind ices fo r the th ree 
B vitam ins in this popu la tion , fell w ell w ith in  a  reasonab le  
range. T he inc idence  o f  low  serum  vitam in C  levels, found  
in this study, is sim ilar to  p rev ious stud ies reported  by us in 
an o lder popu la tion  (28).

T he resu lts o f  the co rre la tion  analysis perfo rm ed  here  on 
EA STA C, E G R A C  and  E T K A C  show ed  a d irec t re la tionsh ip  
betw een  the activation  coeffic ien t fo r the th ree enzym es. T he 
strongest o f  these  re la tionsh ip s w as seen betw een  E G R A C  
and  ETK A C. T he  re la tionsh ip  betw een  ETK A C  and EASTA C 
w as in term ed ia te  and  the low est w as seen betw een  E G R A C  
and EATAC.

A certa in  d eg ree  o f  a g re e m e n t be tw een  in d ica to rs  o f  
nu tritional sta tus fo r various nu trien ts, like th o se  seen in th is 
study  fo r B { and  B 6 o r B , an d  B 6 e ry th ro c y te  d ep en d en t 
enzym es, m ay be expected . T h is  ag reem en t m ay resu lt from  
co incidences o f  the sam e nu trien ts in the foods consum ed  or 
due  to  b iochem ical re la tionsh ip s betw een  them . H ow ever, a 
re la tionsh ip  as h igh  as that seen here  fo r th e  ery th rocy te  B, 
and  B 2 dependen t enzym es w as unexpected . T hus, riboflavin  
and  th iam in are  n o t p resen t in th e  sam e foods (29-30) and 
neither riboflav in  no r th iam in are  requ ired  in the syn thesis 
o r in terconversions o f  the ac tive  th iam in  coenzym es (29) o r 
th e  f la v in  n u c le o t id e s  (3 0 ) . N e v e r th e le s s , s in c e  in  th e  
ery throcy te  the u tilization  o f  g lucose  in  the pen tose  phosphate  
sh u n t as w ell as the cap ac ity  o f  red u c in g  g lu ta th io n e  a re  
c r i tic a l in  m a in ta in in g  in te g rity  an d  fu n c tio n  (3 1 ) , it is 
poss ib le  tha t in th is cell th e  enzym es o f  these  tw o  system s, 
nam ely  the B, dep en d en t transketo lases and the B , dependen t 
g lu ta th ione  reductase , m ay be  re lated .

In  c o n tr a s t  to  th e  s t ro n g  r e la t io n s h ip  b e tw e e n  th e  
ind ica to rs o f  B ( and  B , s ta tu s  ju s t described , these resu lts 
show ed that there  w as no re la tio n sh ip  betw een  the level o f  
vitam in C  m easured  in the serum  and  the activation coefficient 
o f  any o f  the B v itam in  dep en d en t enzym es m easu red  in th e  
ery th rocy tes o f  th e  sam e indiv iduals. I t is possib le  that a  m ore 
com plete  assessm en t o f  the sta tus o f  B ,, B , and  vitam in C, 
together w ith a  la rg e r variability  in th e  nu tritional sta tus o f  
th ese  v itam ins in  th e  su b jec ts , m ay  b e  n eed ed  to  show  a 
re la tionsh ip  betw een  these tw o B v itam ins and vitam in C.
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