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Plasma vitamin B       concentrations of 16 elderly women were 

measured using the growth response of the microorganism,   Ochro- 

monas malhamensis.    The method required major modifications which 

are described in detail.    All women had plasma concentrations of 

vitamin B       above the normal minimum of 200 pg/ml despite the fact 

that the diets of nine women failed to meet the RDA of 3 |j.g/day.    The 

mean dietary B       of 11 women who took no supplemental B       was     . 
1 l \ 

2.90 (jig/day;  their mean plasma concentration was 415  pg/ml.    The 

group of five women who took B       preparations had an average total 

intake of 13.89 jig/day and a significantly higher plasma concentration 

(62 8 pg/ml).    Supplemental intakes of ascorbic acid in the range of 

200-1100 mg/day had no destructive effect on vitamin B       in plasma. 
1  Li 
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EFFECT OF ASCORBIC ACID SUPPLEMENTATION 
ON VITAMIN Bl2 IN PLASMA OF 

ELDERLY WOMEN 

INTRODUCTION 

Recently,   large  intakes  (more than one gram) of ascorbic acid 

have been recommended to prevent or cure the common cold 

(Pauling,   1970).    Although evidence of the effectiveness of this 

remedy is far from conclusive,   many people are routinely ingesting 

large amounts of ascorbic acid daily (Dykes and Meier,   1975).    In a 

recent in vitro study which simulated the digestive process,   it was 

shown that vitamin B       in food was destroyed by large amounts of 

ascorbic acid (Herbert and Jacob,  1974).    The authors suggested that a 

500 mg supplement of vitamin C,   ingested within an hour of a meal, 

could destroy 55-95% of the B       in the food.    These same investigators 

had earlier observed abnormally low serum concentrations of vitamin 

B       in four out of nine paraplegic veterans who were taking large 
1 ^ 

amounts of ascorbic acid to maintain an acid urine. 

The instability of vitamin B   _  in ascorbate solutions had been 
1 Li 

reported soon after vitamin B   „ was isolated (Gakenheimer and Feller, 
1 ^ 

1949;  Trenner et al.,   1950).    In pharmaceutical practice,   vitamin B 

is generally considered incompatible with oxidizing or reducing sub- 

stances,   such as ascorbic acid (Hartley,   Stress and Stuckey,   1950). 



It has been accepted for several decades that serum or plasma 

concentrations of vitamin B       tend to decrease with advancing age 

(Mollin and Ross,   1952;  Chow et al.,  1956;  Gaffney et al. ,   1957). 

Therefore,   the elderly may be particularly vulnerable to factors 

which might compromise their vitamin B       status. 

This study was undertaken to compare the concentration of 

vitamin B       in plasma of elderly subjects who took ascorbic acid 

supplements with that of those who did not.    A secondary purpose of 

this study was  to determine the general nutritional status of this group 

of elderly persons with regard to vitamin B   _.    Although extensive 
1 £ 

research has been done on the B       status of elderly persons,   it is 
1 ^ 

neither recent nor has it been done in the western region of the 

United States. 



REVIEW OF LITERATURE 

History of Vitamin B   _ 
1 ^ 

For many years it was recognized that liver contained a hemato- 

poietic factor that was effective in treating pernicious anemia.    In 

1948,   this anti-pernicious anemia principle in liver was isolated in 

crystalline form by Rickes et al.   (1948) and by Smith (1948a),   working 

independently.    Rickes and his colleagues renamed the substance 

vitamin B     ; Smith (1948b) noted the presence of cobalt in the mole- 
i. £ 

cule.    It was not until 1955  that the complex molecular structure of 

B   _ was determined by Hodgkin et al.   (1955). 

Structure and Chemical Properties 

The chemical structure of vitamin B  9,   or cyanocobalamin,   is 

shown in Figure 1.    The molecule    consists of two regions,   a corrin 

nucleus with four pyrrole rings around the central cobalt atom,   and a 

nucleotide,   below and at right angles to the corrin moiety and contain- 

ing a ribose-phosphate group.    At the center linked to the cobalt atom 

is a cyanide group,   hence the name,  cyanocobalamin.    Vitamin B       is 

the largest known vitamin,   with a molecular weight of 1355.    The 

substance is hygroscropic and soluble in water (1:80).    It is relatively 

stable in the pH range of 4-7.    Activity of cyanocobalamin is destroyed 
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Figure  1.    Structure of Vitamin B     . 
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by heavy metals and by strong oxidizing and reducing agents.    Dis- 

solved in water,   cyanocobalamin has absorption maxima at 278, 

361 and 551 nm. 

The cyanide group of cyanocobalamin may be replaced with 

other anionic groups.    Two of these analogs are metabolically active 

coenzyme forms of vitamin B     .    Coenzyme B     ,     5'- 

deoxyadenosylcobalamin,   which has adenosine linked to the cobalt 

atom instead of a cyanide group,  is  the major storage form in human 

beings.    Methyl B     ,   which has a methyl group linked to the cobalt 

atom,   is the form found in serum.    Vitamin B       also exists as hydro- 

cobalamin,   aquocobalamin,   and nitrocobalamin. 

Biological Functions of Vitamin B   ^ 

The coenzymes of vitamin B  _  function in normal blood forma- 

tion,   normal growth, maintenance of neural function,   and a number 

of other specific metabolic processes.    Two reactions requiring B 

coenzymes  are given in Figure 2.     The coenzyme,   methylcobalamin,   is 

essential to DNA synthesis and thus,   to cell replication.    Specifically, 

the cobalamin coenzyme functions in the conversion of homocysteine 

to methionine which is accompanied by the regeneration of tetrahydro- 

folate (THFA).    By maintaining the active form of folate,   THFA, 

methyl B       permits folate to function in the synthesis of thymine, 

which is a component of DNA.    When B      (or folate) is lacking,   cells do 
1 £ 
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not divide and growth fails.    The condition leads to megaloblastic 

anemia,   characterized by the presence in the blood of red cells which 

are few in number,   large,   and immature.    Because B       functions in 

the synthesis of DNA,   and thus protein synthesis,   it is also essential 

for normal growth. 

Another B  _  coenzyme,   5'- deoxyadenosylcobalamin,   is involved 
1 £ 

in the isomerization of lj-methylmalonyl CoA to succinyl CoA.    This 

pathway is involved in the normal metabolism of proteins,   carbo- 

hydrates,   and lipids. 

Vitamin B       also functions in the maintenance of normal 

neurological function through its role in the synthesis of myelin, 

although the exact mechanism is not known.    Meurological damage is 

frequently associated with the vitamin B   _ deficiency disease, 
1 ^ 

pernicious anemia.    In addition,   it has been suggested that B  _ 

deficiency may be related to mental illness (Smith,   I960; Strachan 

and Henderson,   1965).    Several investigators haVe reported that 

psychotic patients,   although not anemic,   were cured or greatly 

improved by long-term cyanocobalamin therapy (Edwin et al.,   1965; 

Smith and Oliver,   1967;  Hart and McCurdy,   1971;  Abramsky,   1972; 

Vann,   1972). 

Although cyanocobalamin is a very necessary nutrient,   it is 

present in minute quantities in human serum,   and therefore,   it is 

- 12 
measured in picograms (pg =  10 g).    Herbert (1973) states that 



normal values range from 200-900 pg B      /ml in serum;   in pernicious 

anemia,   concentrations generally fall below 80  pg/ml„ 

Sources and Requirements 

Until 1973, when vitamin B _ was first synthesized by Maugh, 

concentrates of the nutrient were prepared from liver or microbial 

extracts. All vitamin B available to man through food is originally 

produced by microorganisms. The vitamin is absorbed into animal 

tissue after synthesis by microorganisms in the animal's intestine; 

thus,   vitamin B       is found only in foods of animal origin.    Although 
1 d 

B       is also produced by the microorganisms  in man's intestine,   it is 
1 ^ 

not available for absorption because the site of synthesis is low in the 

intestinal tract. 

Liver is a major storage site for vitamin B   _.    Therefore,   it is 

an excellent food source of the vitamin,   with 80 p.g/100 g.    Other 

good sources are clams  (98 (ig/lOO g),  oysters (18 p.g/100 g),   crab 

(10 |jig/l00 g),   and eggs (2 (ig/lOO g).    Amounts in common meats are 

0.5 jig in 100 g chicken,   0.7 jjig in 100 g pork, and 1.8 (ag in 100 g lean 

beef.    Even minor sources such as milk (0.4 (xg/lOO g or  1.0 jig/cup) 

play a significant role in meeting the daily requirements  (Orr,   1969). 

Vitamin B  _  is a very stable molecule at neutral pH;  only about 10% is 
i. w 

lost in the pasteurization of milk.    Even when meat is cooked at a 



high temperature,   such as  in pan-frying,   only the surface vitamin B 

is destroyed. 

The 1974 recommended dietary allowance (FNB,   1974) of 

vitamin B       is 3 (jig per day,   an amount easily obtained from a normal 

diet which contains animal products.    The average American diet 

probably provides 5-15 |j.g daily,  although the vitamin B   _ content 

may easily range from 1  to 85 jig daily (Chung et al.,   1961).    Of the 

itamin B       present in food,   50-70% is absorbed by humans.    The VI 

human requirement for vitamin B       has been determined by different 

kinds of studies.    The minimum amount of cyanocobalamin necessary 

to provoke a response in patients who had megaloblastic anemia was 

found to be 0. 1 jig daily (Sullivan and Herbert,   1965).    The turnover 

rate of vitamin B       was determined to be 0. 1% of the total body stores. 

The rate of turnover remained a fixed percentage, whether the body 

stores were deficient or ample (Heyssel et al.,   1966).    With average 

body stores of 2000-5000 p.g,   the daily turnover would be 2-5 p.g. 

Heyssel concluded that a dietary intake of 0L. 6-1.2 p.g is probably 

adequate to maintain health and normal hemopoiesis in subjects with 

low body stores.    In addition,   enterohepatic circulation of vitamin 

B       is very efficient and may account for a daily reabsorption of 

0.6-6.0 )i.g (Grasbeck,   1958).    Therefore,   the recommended daily 

allowance of 3 jig B       seems to be a reasonable amount for the 
1 Lt 

general population. 
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Deficiency of vitamin B       can occur because of inadequate 

dietary intake or inadequate absorption.    Only diets of true vegetarians 

("vegans"),   who eat no animal foods,   provide inadequate quantities of 

vitamin B     .    Because of the ease of obtaining adequate dietary B   _, 

the low turnover rate,   and the large body stores,   dietary deficiencies 

are rare and develop very slowly.    Herbert (1968) has estimated that 

deficiency may not occur until 10-20 years after the dietary intake of 

vitamin B       has ceased.    However,  it is recommended that vegans use 

supplementary B       as a prophylaxis. 

B      deficiency can also be caused by inadequate absorption of 
1^ 

the vitamin.    Absorption occurs in two ways,   passive absorption and 

facilitated absorption.    Passive absorption,   which plays a minor role, 

occurs when super-physiological amounts of B   _ are ingested.    Such 

massive intakes were common in the early treatment of pernicious 

anemia,   when patients were fed 120-Z40 g beef liver daily (Minot and 

Murphy,   1926).    Facilitated absorption requires  the presence of a 

substance called intrinsic factor which binds vitamin B  _  to permit 

absorption of the IF-B  _  complex;  this is the major mechanism of B   _ 

absorption.    Intrinsic factor,   a mucoprotein produced by the parietal 

cells of the gastric mucosa,   is lacking in the person who has pernicious 

anemia.    In this case,   B       supplements must either be given paren- 
x £ 

terally to bypass the absorption site or in super-physiological amounts 

to induce passive absorption.    Deficiency due to inadequate absorption 
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of vitamin B  _  can also result from gastrectomy or small intestine 
1 £> 

disorders,   such as celiac disease,   tropical sprue,   or regional ileitis. 

Vitamin B , _  in the Elderly  12 L- 

Many studies have been undertaken to assess vitamin B       status 

in the elderly.   Summary data from 14 studies are given in Table 1.    In 

most cases,   when elderly subjects were compared with younger 

subjects,   a decrease in mean serum B   _  concentration was observed 

with increasing age.    This was true whether the subjects were all 

institutionalized individuals receiving similar diets,   or whether they 

were randomly selected from a general population (Mollin and Ross, 

1952;  Bogeretal.,   1955; Chowetal.,   1956;  Chernish et al.,   1957; 

Gaffney et al.,   1957; Tauber et al.,  1957;  Cape and Shinton,   1961). 

However,   in four of the reported studies,  investigators did not 

observe an age-wise decline of B       concentrations in serum 

(Killander,   1957; Droller and Dossett,  1959;  Girdwood,   Thomson and 

Williamson,   1967; Batata etal.,  1967). 

With only a few exceptions,   the reported mean concentrations 

of B       in serum lie within the range of 200-900  pg/ml.    There is great 

variation in the values obtained by different laboratories.    Part of 

this variation may be attributed to the use of different test organisms 

in the assay.    However,   even where two laboratories have used the 

same test organism,   there are two-fold differences in their results 



Table 1.    Reported Concentrations of Vitamin B       in Serum or Plasma. 

Source No.   of 
Subjects 

Description 
of Group 

Age of 
Subjects 
 LnJ  

Mean B12 
Cone. 

(pg/ml) 

Test 
Organisna 

Mollin & Ross 
(1952) 

Boger et al. (1955) 

Chow et al. (1956) 

Chernish et al. (1957) 

65 
27 
31 

528 

65 
135 
10 
19 
33 
31 
10 

2 
8 

39 
57 
54 
40 

1 

15-40 
51-70 
71-93 

46. 6 (mean) 

ins titutionalized 21-40 
11 58-92 

random population 10-19 
20-29 
30-39 
40-49 
50-59 
60-69 

70 &  over 

31-40 
41-50 
51-60 
61-70 
71-80 
81-90 
91-100 

358 
322 

25 9 

560J 

25 9 
150 

284 

249 
235 

240 

210 

214 

90 

650 

540 

610 

480 

450 

439 
360 

E.   gracilis 

L.   leichmannii 

L.  leichmannii 

L.  leichmannii 

(Continued on next page) 
CO 



Table 1.    (Continued) 

Source 
No.   of Description 

Subjects of Group 

Age of 
Subjects 
 (vr) 

Mean Bj2 
Cone. 

(Pg/ml) 

Test 
Organism 

Gaffney et al.   (1957) 528 (total) 

Killander (195 7) 108 
48 

Tauber et al.   (1957) 20 
21 

Droller and Dossett 225 Control 
(1959) 22 Normal 

18 Demented 

Cape & Shin ton 120 
(1961) 56 Normal 

22 Hospitalized 
20 Demented 

Daw son & Donald 
(1966) 

100 

20-29 270 
30-39 260 
40-49 243 

50-59 226 

60-69 167 
70-79 158 
80-89 150 

20-59 499 
60 + 502 

27. 4 (mean) 297 
72. 2 (mean) 160 

_ 368 
82.0 368 

80.9 206 

<60 390 
>60  (71.7 mean) 280 
74.0 300 
81.6 320 

70 + 26%<160 

L..   leichmannii 

E. gracilis 

L. leichmannii 

E_. gracilis 

E. gracilis 

Li.  leichmannii 

(Continued on next page) uo 



Table 1.     (Continued) 

Source No.   of 
Subjects 

Description 
of Group 

Age of 
Subjects 

(vr)  

Mean B 
Cone, 

(pg/ml) 

12 Test 
Organism 

Batata et al.   (1967) 106 
62 
98 

Girdwood et al. 44 
(1967) 64 

39 

Elwood et al.   (1971) 229 
304 

Evans et al.   (1968) 2700 

Hospitalized 

Hospitalized 

10-59 425 
> 60 429 
> 60 359 

20-60 360 
75  (mean) 346 
79 (mean) 350 

> 65 (males) 230 
> 65  (females) 255 

>65 54< 150 

L>.  leichmannii 

E.  gracilis 

E.  gracilis 

L.  leichmannii 

Boger noted significant regression of serum vitamin B^ concentration with increasing age in three 
oat of four groups. 

*>■ 
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(Chow et al., 1956; Chernish et al., 1957). Dawson and Donald (1966) 

state that the assay method using L. leichmannii is not sensitive in 

the normal range of concentrations. On the other hand, values deter- 

mined by Chow et al. (1956) and Gaffney et al. (1957) conducted in the 

same laboratory and including some of the same subjects, produced a 

similar range of values. 

Several attempts have been made to explain low B       serum con- 

centrations in the elderly.    It has been reported that only those elderly 

who have physical or mental disease exhibit low B       (Droller and 
1 ^ 

Dossett,   1959; Batata et al.,   1967).    However,   contrary findings were 

reported by Cape and Shinton (1961) and Girdwood and co-workers 

(1967).    Shulman (1967) found that 15% of 117 psychiatric patients had 

B       serum concentrations below  I50pg/ml.    Although routine screen- 

ing for B       deficiency in geriatric and psychiatric patients has been 

advocated,   the role of vitamin B   _  in mental health remains 
1 £ 

unresolved. 

Another explanation of B  _ deficiency in the elderly is evidence 
1 ^ 

which suggests that iron deficiency may be a contributing factor.    In a 

very large survey by Evans et al.   (1968),   involving 2700 geriatric 

patients in Cardiff,   Wales,  only 54 people had serum B       concentra- 

tions less  than 150  pg/ml,   but half of those individuals also had iron 

deficiency anemia with hemoglobin concentrations less than 10 g/100 

ml.     The relationship between iron deficiency and low serum B 
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concentrations was earlier investigated by Cox et ah   (1959).    They 

reported that all 13 subjects in their study achieved normal B  _ blood 

concentrations on iron therapy alone.    They theorized that absorption 

of vitamin B       was corrected by the iron therapy.    The results of an 

animal study by Biggs et al.   (1962) suggest that iron deficiency 

inhibits the production of intrinsic factor,   thereby limiting the 

absorption of vitamin B   _. 

Glass et al.   (1955) also suggested that the low concentrations of 

vitamin B       in the elderly might be explained on the basis of decreased 

absorption.    Using hepatic uptake of      CO-B  _  as a measure of 

intestinal absorption,   they observed lower uptake of the labeled 

vitamin in the group aged 60-80 than in the control subjects,   aged 

28-60.    However,   the claim that there is decreased absorption of 

vitamin B       in old age has been questioned by Hyams (1964).    He 
1 d 

r   58 measured absorption of      Co-B       in 13 elderly men and 10 young men 

and found no difference in absorption between the two groups. 

Swenseid et al.   (1957) explored the possibility that low serum 

concentrations of vitamin B       resulted from reduced liver stores. 

They measured the vitamin B       content of liver tissue obtained at 

autopsy from 132 subjects.    However,   there was no age-related 

difference in vitamin B   _  content of liver,   measured in fig/g wet 

tissue. 
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Therefore,   although low serum concentrations of vitamin B   _  in 

the elderly were observed by many researchers,   the cause is not 

apparent.    The findings reported by Swenseid indicate that it is not 

due to reduced stores;  the work of Hyams indicates  that it is probably 

not due to decreased absorption.    The possibility of increased cata- 

bolism of vitamin B       by the elderly exists,   but no investigations 

were reported in the literature. 

Incompatability of Vitamin B       and Ascorbic Acid 
1 c* 

The instability of vitamin B  „ in ascorbate solution was 

observed by early researchers investigating the pharmaceutical 

properties of vitamin B     .    Gakenheimer and Feller (1949) reported 
1 u 

more than 50% decompisition of vitamin B   _  in ascorbate solution after 

storage at 28-30   C for 24 hours.    Follow-up studies indicated that 

the rate of destruction was dependent on pH and on the form of 

vitamin B       (Trenner et al.,   1950;  Bartilucci and Foss,   1954; 

Hutchins,   Cravioto and Macek,   1956).    Cyanocobalamin is more stable 

to ascorbic acid than hydroxocobalamin,   nitrocobalamin,   chloro- 

cobalamin,   or thiocyanatocobalamin.    Hartley and co-workers  (1950) 

concluded that in pharmaceutical practice,   vitamin B      was unstable 

in acid or alkaline solutions and in the presence of oxidizing or 

reducing substances. 
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Vitamin B       may also be destroyed in vivo by pharmacologic 

doses of ascorbic acid.    Low B       concentrations in serum were 

observed in four out of nine paraplegic veterans who were taking large 

doses of vitamin C to maintain an acid urine.    Asa result of those 

observations,   an in vitro experiment simulating the digestive process 

was conducted to test the effect of ascorbic acid tablets on the vitamin 

B       content in food.    A significant percentage of the vitamin B       in 

the food was destroyed,   as would happen Lf the ascorbic acid tablets 

were ingested within an hour of a meal (Herbert and Jacob,   1974). 

The percentage of B       lost was inversely proportional to the original 
1 ^ 

amount of B       in the food;  almost all the vitamin B   ., was lost from a 

meal initially low in vitamin B  _.    Also,   the percentage of B   _ 

destroyed increased as the amount of ascorbic acid increased. 

Results of a preliminary study by the same authors suggest    that 

there is no destruction of vitamin B       in food by 45 mg ascorbic acid, 

the adult RDA. 

Herbert and Jacob (1974) further suggest that megadoses of 

ascorbic acid may reduce the vitamin B       content in serum.    Hines 

(1975) suggests that perhaps 2-3% of the population may risk vitamin 

B       deficiency.    It was reported that,   out of a group of 90 people 

taking at least 500 mg ascorbic acid daily,   only three individuals had 

low serunn B       concentrations, 65-100 pg B      /ml.    All three subjects, 

aged 50-60,   had been taking at least 1000 mg ascorbic acid with each 
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meal over a period of three years.    No other cause for low B       con- 

centrations could be found.    In one subject the serum concentration 

increased from 100  to 180 pg B  _ /ml three months after cessation of 

megadoses of C.    However,   Afroz and co-workers  (1975) reported 

values above 300 pg B      /ml in all ten subjects who had been receiving 
1 u 

4 g ascorbic acid daily. 

The question as to whether or not large intakes of ascorbic acid 

destroy vitamin B       remains unresolved.    It seems entirely possible 

that ascorbic acid may have a destructive effect on vitamin B   _  in 
1 £ 

serum.    Therefore,   it seems appropriate to investigate whether or 

not elderly persons who may already have low vitamin B   _  concen- 

trations,   are further endangered by ingestion of supplemental ascorbic 

acid. 
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METHODOLOGY 

Review of Methods 

Vitamin B       may be assayed by chemical,   biological,   or micro- 
1 Li 

biological methods.    Although the biological methods give a specific 

measurement,   they are time-consuming,   expensive,   and complicated 

to perform.    The chennical methods are faster but less sensitive than 

other methods (Association of Vitamin Chemists,   1966).     Therefore, 

one of several microbiological methods is usually selected to meas- 

ure the minute quantity of vitamin B       in human serum.    The micro- 

biological assay is based on the growth response of a microorganism 

to graded levels of vitamin B       in the medium.    Microorganisms 
1 ^ 

which have been used for the assay include Lactobacillus leichnaannii, 

Euglena gracilis Z  strain,   a mutant strain of Escherichia coli,   and 

Ochromonas malhamensis.    The first three organisms respond not 

only to cyanocobalamin,   but also to related substances,   such as 

factors A,   B,   and C,  pseudovitamin B     ,      thymidine and other 

deoxyribosides,   or methionine  (Ford,   1953).    Baker et al.   (I960) 

compared the four microorganisms cited above in assaying plasma 

and whole blood for vitamin B     .    They found that the microorganism, 
X Ct 

"Pseudovitamin 612" ^s a term commonly used in the literature to 
indicate substances similar in structure to vitamin B YZ 

to which 
microorganisms respond,   but human beings do not. 
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Ochromonas malhamensis  (ATCC  11532) has extreme sensitivity and 

specificity for mammalian forms of vitamin B     . 

Development of Method 

Ochromonas malhamensis (ATCC  11532) was chosen as the test 

organism.    A new culture was obtained from American Type Culture 

Collection and transferred from the thioglycollate medium to Bacto- 

B   _ Ochromonas medium (Difco,   Code 0665),   supplemented with 

vitamin B     .    The inoculum culture was grown in a temperature- 

controlled cabinet under artificial light.    Every five days the culture 

was transferred to fresh medium;  several transfers were made before 

the organism established a normal growth pattern and could be used 

with reliability in an assay. 

Initially,   the assay medium was inoculated with a five-day-old 

culture of Ochromonas malhamensis and incubated in a temperature- 

controlled shaker,   without light,   according to the procedure of Ford 

(1953).    No measurable growth was obtained.    It seemed likely that 

the lack of response was due to the absence of light.    Ochromonas 

malhamensis is known to be photosynthetic and the inoculum had 

attained dense growth under artificial light.    Furthermore,   other 

investigators (Baker and Frank,   1967) recommended that the protozoan 

be grown under artificial light and without aeration.    After some 

experimentation,   a cabinet was devised to provide an even distribution 
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of artificial light at a controlled temperature (27-32   C).    It was 

demonstrated that heavier, more uniform growth occurred when the 

organism was incubated in a vessel which provided adequate surface 

area.    Accordingly,   25-ml Erlenmeyer flasks, stoppered with foam 

caps,   were substituted for the test tubes originally used.    Several 

inoculating techniques were assessed.    The most accurate and 

expeditious of these was  the use of one drop of undiluted inoculum 

dispensed from a 5 ml graduated pipette.    In order to determine the 

growth pattern of the organism,   the incubation pattern was varied 

from 48-102 hours.    A 72-hour period of incubation was selected as 

optimum to produce dense and predictable growth from which a 

reliable standard curve could be drawn. 

Growth was determined by the increase in density,   measured 

with the Bausch and Lomb Spectronic 88 photometer.    Standard 

curves were recorded at various wavelengths and it was concluded that 

the most definitive standard curve was obtained at 640 nm.    Because 

of the sensitivity of the Spectronic 88,   it was necessary to inactivate 

the organism by steaming prior to reading the assay. 

A major modification,   not described previously in the literature, 

was the addition of buffer to the B       standards.    Initially,   the working 

standards were prepared without buffer and the resultant standard 

curve appeared normal.    However,   when the curve was used to 

calculate the B       content of plasma samples,   there appeared to be a 
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patterned growth stimulation.     That is,   with larger aliquots of the 

sample,   the calculated B       concentration was greater.    Since the 

samples were prepared with buffer,   it was hypothesized that the 

buffer was stimulating growth of the organism.    Therefore,   buffer 

was added to the B       standards in the same proportion as in the 

plasma samples.    As may be seen in Figure 3,   the addition of buffer 

changed the slope of the standard curve.    All calculations on samples 

were then in very close agreement. 

Although most investigators have reported concentrations of 

vitamin B   _  in serum,   Chernish et al.   (1957) observed nearly identical 

B       concentrations in plasma and serum and therefore,   selected 

plasma for their investigation.    This finding was confirmed in an initial 

experiment performed as part of this study.    Concentrations of 

vitamin B       in plasma and serum from the same individual were very 

nearly identical.    Therefore,   since plasma was available in greater 

quantities,   it was used in this investigation. 

In summary,   revisions in methodology were necessary to 

establish a normal growth pattern of the organism,   to obtain a 

reliable standard curve,   to develop an efficient assay procedure,   and 

to adjust the assay to available conditions and equipment.    Experi- 

mentation was also necessary to clarify techniques not fully 

described in previous literature.    The methods of Ford (1953) and 

Baker and Frank (1967) formed a basis for initial experimentation. 
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Figure 3.    Standard curves with BIT  standards mixed with buffer 
and with water. 
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Techniques from both methods,   as well as modifications developed 

in this laboratory,   were incorporated into the final method used in 

this investigation. 

Method 

The following procedure was used to assay vitamin B   _  content 

in plasma: 

Reagents 

A.        Standard vitamin B       solutions are prepared as needed and 

stored in brown bottles at 4   C.    They are stable for several 

months. 

1. Working B       standard 1  (200 |Jig B      /ml): 

Dissolve 20 mg crystalline cyanocobalamin (Nutritional 

Biochemical Corporation) in redistilled water and dilute to 

100 ml. 

2. Working B       standard 2 (2 (j.g B   _/ml): 

Dilute 1 ml standard 1  to 100 ml with redistilled water. 

3. Working B       standard 3 (0.02 ^g B   _ /ml): 

Dilute 1 ml standard 2  to 100 ml with redistilled water, 

4. Working B       standard 4 (0.0001 (Jig B   -/ml): 

Prepare fresh for each assay. Dilute 0.5 ml standard 3 

and 80 ml buffer to 100 ml with redistilled water. Auto- 

clave for 30 minutes at 15 lb pressure along with the 
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plasma samples. 

B. Medium is prepared fresh for each assay. 

1. Maintenance medium (single-strength): 

Dissolve 1.8 g Bacto-B       Ochromonas Medium. (Difco Code 

0665) in 100 ml redistilled water.    Add 1 ml working B   _ 

standard 3. 

2. Assay medium (5x strength): 

Add 9.2 g Bacto-B Ochromonas medium (Difco Code 

0665) to 100 ml redistilled water. Boil 2-3 minutes to 

dissolve. 

C. Buffer (pH 4.5) 

Dissolve 500 mg sodium metabisulfite and 5 g transaconitic acid 

in redistilled water and dilute to 1 liter.    Adjust to pH 4. 5 with 

potassium hydroxide pellets.    Store under refrigeration up to 

three weeks. 

Inoculum 

Transfer 10 ml single-strength maintenance medium into each 

of three 50-ml Erlenmeyer flasks.    Plug with cotton and autoclave 

10 minutes at 15 lb pressure to sterilize.    Cool. 

With a sterile,   disposable 1-ml pipette,   inoculate each flask 

with one drop of a five-day-old culture of Ochromonas malhamensis 

(ATCC  11532). 
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Place flasks in a temperature-controlled (Z7-32   C) closed 

cabinet,   15  inches below a 25-watt incandescent light.    Incubate five 

days.    One culture is used to inoculate the assay,   one culture is used 

to prepare a fresh culture, and the third is retained as a spare in the 

refrigerator for up to two weeks. 

Plasma Sample 

Transfer 2 ml plasma into a 40-ml conical centrifuge tube.    Add 

8 ml buffer.    Cover the tubes with watchglass and autoclave at 15 lb 

pressure for 30 minutes.    Cool.   Centrifuge the samples for 30 minutes, 

Measure the supernatant and dilute with an equal volume of redis- 

tilled water,   usually about 8 ml.    If the concentration of B  _ in a 

particular sample is very low,   the dilution step may be omitted. 

Transfer the samples  to 25-ml Erlenmeyer flasks containing the 

following proportions: 

diluted sample (ml) 1.5 2.0 2.5 

water (ml) 2.5 2.0 1.5 

medium (ml) 1.0 1.0 1.0 

Cap each flask with a foam plug and sterilize in the autoclave for 

10-minutes at 15 lb pressure.    Cool. 

Assay Procedure 

A.        Plasma samples prepared as described in preceding section; 
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B. Vitamin B  „  solutions for standard curve: 

Using 25-ml flasks,   prepare triplicate sets of vitamin B 
i. u 

standards,   using the proportions given in Table 2.    Prepare 

four flasks with 4 ml water and 1 ml medium for use as blanks. 

Cap all flasks with foam plugs and sterilize for 10 minutes at 

15 lb pressure.    Cool. 

C. Inoculation: 

On a vortex mixer shake the flasks containing the five-day-old 

Ochromonas malhamensis culture until the clumps of organisms 

are separated.    Transfer one drop of the culture into each 

assay flask with a sterile 5-ml pipette.    Remove the cap on each 

flask only long enough to transfer the drop of inoqulum.    Inocu- 

late only two of the blanks. 

D. Incubation: 

Incubate all flasks for 72 hours under artificial light.    Control 

the temperature between 27-32   C. 

E. Readings: 

Steam the flasks for 10 minutes to inactivate the organism. 

Percent transmittance is read with a Bausch and Lomb 

Spectronic 88 at a wavelength of 640 nm.    To check for B 

contamination,   set the instrument at 100% T with the uninocu- 

lated blank; reading of the inoculated blanks should be 94% T or 



Table Z#    Preparation of Vitamin B   „ Standards. 
1 u 

Concentration of B       (ng/nnl) 

.025 .05 .075 .1 .15 .2 .3 

Working B       standard 4  (ml) 0.25 0.50 0.75 1.00 1.50 2.00 3.00 

Water (ml) 3.75 3.50 3.25 3.00 2.50 2.00 1.00 

Medium (ml) 1.00 1.00 1.00 1.00 1.00 1.00 1.00 



30 

above.    Reset the instrument at 100% T with the inoculated 

blanks to read the assay. 

F.        Calculations: 

Draw a standard curve for each assay.    Calculate the B       con- 
1 ^ 

centration of each plasma sample as indicated in the example 

given in Table 3. 



Table 3.    Example of Calculation Method. 

Aliquot       Transmittance s     12 &     12 x Dilution pg B^/ 
(from ml 

curve) aliquot 

Sample ,    ,, ,« , ,,. , Average „ 
^ (ml) (%) (from ml 5 Factor ml 

34 1.5 69.0 .073    -^   1.5   =    .049 

1.5 68.5 .073 .049 

2.0 58.0 .094   - '-  2.0    = =    .047 

2.0 60.5 .089 .045 

2.5 50.5 . 113   -f-   2.5    =    .045 

2.5 51.0 .112 .045 

xlO 
.0470 .470 470 
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EXPERIMENTAL PROCEDURE 

Selection of Subjects 

General Population 

The  16 subjects in this study were a sub-group of a larger study 

of 100 non-institutionalized elderly people living in or near Corvallis, 

Oregon.    The larger study was part of the western regional project on 

Nutrition and Food Acceptance,   for which extensive socioeconomic, 

dietary,   clinical,   and biochemical data had been collected.    Dietary 

information was available from three-day diet records as well as 

from dietary histories obtained in personal interviews by a pro- 

fessional nutritionist.    The use of nutritional supplements and other 

medications had also been recorded.    A postabsorptive blood sample 

had been drawn from each subject for biochemical evaluation of 

nutritional status.    Analytical findings that are pertinent to the present 

project include packed cell volume,   determined by the microhemato- 

crit method of Richterich (1968);  hemoglobin,   determined by the 

cyanomethemoglobin method described by Oser (1965); and ascorbic 

acid,   determined by the dinitrophenylhydrazine method of Lowry 

(1945) as described by Roe (1966). 
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Criteria for Selection 

The object of this study was to compare plasma B   _  concentra- 
1 ^ 

tions in subjects who supplemented their diets with vitamin C and 

those who did not.    In selecting the subjects,   the minimum level of 

ascorbic acid supplementation was set at 200 mg daily because 

supplementation below that level could easily be offset by dietary 

differences.    In a review of the dietary supplements of all 100 sub- 

jects,   it was noted that no men exceeded 200 mg ascorbic acid daily; 

therefore,   only women were included in this investigation.    The 

supplemented group consisted of nine women,   four of whom used 

preparations containing ascorbic acid but no vitamin B     ,   and five of 
1 c* 

whom used a vitamin B   _  preparation as well.    The control group was 
1 ^ 

composed of seven women,  randomly selected,   who used neither 

ascorbic acid nor vitamin B       supplements.    The subjects ranged in 

age from 68-80 years;  the groups were age-matched as nearly as 

possible.    All women were apparently healthy; biochemical analyses 

showed hematocrits,   hemoglobin,   and ascorbic acid concentrations 

within the normal range with one exception.    Subject #53 had a hemato- 

crit value of 35% which was below the acceptable range of 37-40% for 

females.    However,   because her hemoglobin was in the normal range 

(12.5 g/100 ml) and her ascorbic acid supplementation was excep- 

tionally high (1100 mg/day),   she was included in this study.    Descrip- 

tive data about the 16 women are given in Table 4. 
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Table 4.    Description of Subjects. 

Age 
(yr) 

Blood Analyses 
Nutritional 

Subject 

Hct. 
Hb. 

Serum 
Ascorbic 

Acid 

Supplements 

No. 
Ascorbic 

(g/ioo (mg/100 Acid                      12 

(%) ml) ml) (mg/day)          (ug/day) 

Unsupplemented 

43 69 40 14.0 0.61 
46 76 41 13.8 1.23 
51 70 40 14.2 1.28 
69 71 40 13.2 1.59 
75 77 43 13.9 1.67 
87 80 42 •   14.0 1.04 

102 66        42 14.0 2.96 

Mean 73        41 13.9 1.48 

Supplemented 
only) 

20 80 38 12.8 1>.58 800 
34 68 38 12. 1 1.83 300 
36 71 41 13.4 1.80 250 
47 80 37 12.0 1. 14 250 

Mean 75        38 12.6 1.59 400 

(C and B 12) 

3 76 42 12.4 1. 10 200 5 
18 69 44 15.0 2.02 300 5a 

19 72 45 14.7 1.65 200 5 
53 76 35 12.5 2.33 1100 10 
57 79 42 13.8 1.49 250 3 

Mean 74 42 13.7 1.72 410 5.6 

apius 25 Ug occasion ally, » 
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Several  additional criteria were used to select subjects for this 

study.    Because antibiotic medications interfere with microbiological 

assays,   women who recently had been so treated were excluded from 

this investigation.    None of the subjects were vegetarians. 

Assay Method 

Plasma samples which had been stored at -10   C were thawed to 

room temperature.    The method used to measure plasma concentra- 

tions of vitamin B       is outlined in a preceding section,   Method (p. 25 ). 
1 ^ 

Nutrient Intake 

The average daily intake of ascorbic acid of each subject was 

computed from her three-day dietary record,   on the basis of data 

published by Watt and Merrill (1963).    The dietary vitamin B  _ was 
1 ^ 

calculated from data in Home Economic Research Reports No.   13 

(1961) and No.  36 (1969) published by the U.S.D.A. 

Statistical Analysis 

Statistical analyses of the data were done with computer.    The 

Student's t-test and the F statistic were used to analyze differences 

between supplemented and unsupplemented groups.    Correction 

factors were applied to adjust for groups of different sizes. 
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RESULTS AND DISCUSSION 

The calculated dietary intakes of vitamin B       and ascorbic acid 

as well as the concentrations of these vitamins  in plasma or serum 

are presented in Table 5.    Group mean values are given in Table 6. 

Although the mean dietary vitamin B   _  approximated the recommended 

daily allowance of 3 (ag (FNB,   1974),   the diets of nine subjects failed 

to meet the allowance.    This was a surprising finding because an 

adequate intake of vitamin B       is easily accomplished with the use of 

animal protein foods.    Three of the women whose dietary B       was low 

supplemented their diets with 5-10 (xg B       daily.    It is interesting to 

note that the woman with the highest dietary B       (5.98 (ig /day) also 

used the largest supplement (5-30 (j.g/day). 

The plasma concentration of vitamin B       averaged 482 pg/ml; 
X Ct 

all subjects exceeded the minimum concentration of 200 pg/ml,   cited 

by Herbert (1973).    The mean vitamin B •_  concentration of 11  sub- 
X Ct 

jects who used no B       supplement was 415 pg/ml.    The average 
X Ct 

vitamin B       in plasma of the group who used supplemental B   _ was 
1^ 1 LA 

significantly higher (628 pg/ml).    There was no linear relationship 

between the total intake of vitamin B       and the plasma concentrations 

of the vitamin.    However,   the subject who had been taking 5-30 |i.g 

B       as a supplement had a plasma level of 1041  pg/ml.    This value 
X Ct 

was well above the normal range of 200-900 pg/ml (Herbert,   1973). 



Table 5.    Biochemical and Dietary Indices of Vitamin B   _  and Ascorbic Acid. 

Subject 
No. 

Biochemical Data 

Plasma 
B12 

(Pg/ml) 

Serum 
Ascorbic 

Acid 
(mg/100 ml) 

Intake 

Vitamin B 

(ug/day) 
12 Ascorbic Acid 

(mg/day) 

43 
46 
51 
69 
75 
87 

102 

Mean 
Range 

423 
406 
450 
412 
481 
431 
402 

429 
406-481 

0.61 
1.23 
1.28 
1.59 
1.67 
1.04 
2.96 

1.48 
0.61-2.96 

Unsupplemented 

2.93 
3.85 
3.50 
3.22 

2.79 
2.52 
3.62 

3.20 
2.52-3.82 

59 
105 

27 
63 

136 
143 
223 

108 
27-223 

C Only 

20 440 1.58 
34 470 1.83 
36 273 1.80 
47 380 1. 14 

Mean 391 1.59 
Range 273-470 1.14-1.83 

Supplemented 

2.47 
3. 14 
1.82 
2.06 

2.37 
1.82-3. 14 

116 (916) 
231 (531) 

36 (286) 
18 (268) 

100 (500) 
18-231 (268-916) 

(Continued on next page) 



Table 5.    (Continued) 

Bioche: mical Data Tr,f  v  a 

Subject 
Plasma 

Bi2 

Serum 
Ascorbic 

Acid 

Intake 

No. 
V itamin B   ? Ascorbic Acid 

(pg/ml) (me/100 ml) ((xe/dav) (mg/dav) 

B       and C 

3 651 1. 10 2.66 (   7.66) 27            (  227) 
18 1041 2.02 5.98 (35.98) 48            (   348) 

19 408 1.65 1.53 (  6-53) 56            ( 256) 
53 539 2.33 2.77 (12.77) 90           (1190) 
57 503 1.49 3.46 (  6.51) 45            (  295) 

Mean 628 1.72 3.28 (13.89) 53           (  463) 
Range 408-1041 1.10-2.33 1.53-5. 98(6 .51-35.98) 27-90    (227-1190) 

Dietary intake.    Figures in parentheses indicate total intake from diet and supplements. 

00 
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Table 6.    Mean Biochemical and Dietary    Indices of Vitamin Bio and 
Ascorbic Acid. 

Vitamin B 
1 Lt 

Ascorbic Acid 

Use of 
Supplements Plasma 

(pg/ml) 

Intake 
(total) 

(lag/day) 

Serum             Intake 
(mg/100             (total) 

ml)            (mg/dav) 

No B   _  supplements 

B  _  supplements 

415 

628 

2.90 

13.89 

No C supplements 1.48 108 

C supplements 1.66 480 

a 
Includes supplements when used. 
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The two subjects who had the lowest intake of B       also had the lowest 

plasma levels of the vitamin.    Nevertheless,  even when the diet pro- 

vided only two-thirds of the RDA of B     ,   these subjects were able to 

maintain plasma concentrations within the normal range.    Several 

explanations are possible.    The RDA allows for 50% absorbability of 

vitamin B       from food,   but as intake goes down,   the percentage 

absorbed goes up.    Body stores of B       are avidly retained and 

recycled;   it takes many years of inadequate diet before deficiency 

shows up clinically.    Finally,   the three days chosen for the diet 

record may not have been typical. 

There was no apparent destruction of vitamin B   _  in plasma 

with large intakes of ascorbic acid.    The three subjects with the 

highest total ascorbic acid intakes (1190,   916 and 531 mg/day) had 

plasma concentrations of 539,   440,   and 470 pg B       ml respectively. 

The values are all higher than the mean concentration (429 pg/ml) of 

the group who did not use ascorbic acid supplements.    The mean con- 

centration for the group that used only ascorbic acid supplements was 

391  pg/ml.    This value was slightly lower than that of the unsup- 

plemented group but the difference was not statistically significant. 

The lack of destruction of vitamin B       by large intakes of ascorbic acid 
X Cd 

is in agreement with the observations of Hines (1975) and Afroz (1975). 

In order to obtain further information on the effect of high 

plasma concentrations of ascorbic acid on vitamin B     ,   an in vitro 
X Ct 
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experiment was performed.    Ascorbic acid,   3-4 mg/100 ml,   was 

added to both B       standards and laboratory control samples of plasma. 

This amount was chosen in order to exceed concentrations of vitamin 

C usually found in plasma of healthy individuals.    The ascorbic acid 

had no effect on the vitamin B       in either standards or plasma 

samples.    These observations supported the conclusion that vitamin 

B       in the plasmas of these subjects was not destroyed by ascorbic 

acid. 

There may be several explanations for the findings of this study, 

in spite of the destruction of B       in food reported by Herbert and 

Jacob (1974).    The analog of vitamin B   _ found in plasma,   methyl B   _, 
1 L* Yd 

may not be as susceptible to destruction by ascorbic acid as  the forms 

found in food,   5'-deoxyadenosylcobalamin and hydroxocobalamin.    In 

addition,   the transport proteins,   trans cob alamin I or II,   may offer 

protection to the B       molecule.    Another explanation may be related 

to the size of body stores of vitamin B     ,   which prevent clinical 

deficiencies for a long period of time.    Yet another factor may have 

been the moderate levels of vitamin C  supplementation.    Most subjects 

in this study had supplementary intakes of ascorbic acid of ZOO-300 mg 

daily,   far below the 1-4 g recommended by Pauling (1970).    Thus,   the 

possibility still exists that megadoses may destroy vitamin B     . 

Herbert and Jacob (1974) also suggested that iron may have a protec- 

tive effect on vitamin B     .    A survey of the dietary iron intake of our 
1 Ct 
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subjects showed no relationship to plasma B       concentrations.    Also, 

only women with normal hemoglobin were included in this study. 

All subjects had serum ascorbic acid concentrations above the 

minimum level.    The woman with the highest serum concentration did 

not use supplements,   but her diet was high in ascorbic acid (500% 

RDA).    Her total intake,   however,   was less than that of any subject 

who used vitamin C supplements.    Although the mean serum ascorbic 

acid concentrations for the C-supplemented groups were slightly higher 

than for the unsupplemented group,   the effect of supplements on serum 

concentrations was slight. 

The group that used both B   _  and C supplements had the lowest 

dietary intake of ascorbic acid;  the mean intake was about half that 

of the other two groups.    Despite this,   their mean dietary ascorbic 

acid was adequate and four of the five subjects met the RDA. for 

vitamin C without supplementation.    Four of the total group of 16 

subjects did not meet the RDA for ascorbic acid from food sources, 

although all four had serum concentrations above 1.0 mg/100 ml. 

In conclusion,   there was no apparent destruction of plasma 

vitamin B       in nine elderly women who used supplements of 200-1100 

mg ascorbic acid daily.    All 16 subjects had plasma B  _  concentra- 

tions above the normal minimum of 200  pg/ml,   in spite of the fact 

that the total intake of six of the 16 women failed to meet the 

recommended 3 ng of vitamin B   _ daily. 
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SUMMARY 

The effect of large doses of ascorbic acid upon the vitamin B  _ 

status of elderly women was investigated.    Sixteen non- 

institutionalized women,   aged 68-80 years,  were selected for the study. 

They had hematocrits and hemoglobin concentrations within the nor- 

mal range and were apparently healthy.    Seven subjects used neither 

vitamin B      nor ascorbic acid supplements and thereby served as a 
X d 

control group.    Nine women used at least 200 mg supplemental 

ascorbic acid daily; five of these also used vitamin B   _ preparations. 

The average concentration of vitamin B   _  in the plasma of the control 

group was 429 pg/ml,   compared with 391 pg/ml for the four subjects 

who used only vitamin C supplements.    This was not a significant 

difference.    Furthermore,   the group that used both vitamin B       and 

ascorbic acid supplements had a significantly higher mean plasma 

concentration of vitamin B  _  (62 8 pg/ml) than did either of the other 

two groups.    It was concluded that ascorbic acid supplements,   in the 

range of 200-1100 mg daily,   did not affect the plasma concentrations 

of vitamin B   _.    This conclusion was supported by an in vitro 

experiment in which ascorbic acid was added to standard solutions of 

vitamin B       and to laboratory control samples of plasma.    The 

ascorbic acid had no effect on the vitamin B   _  concentration in either 

case. 
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Dietary calculations showed that 9 of the 16 women did not meet 

the RDA of 3 (ig vitamin B       daily from food sources;  three of these 
1 L4 

subjects used supplemental B   _.    Four of the 16 women did not meet 

the RDA of 45 mg ascorbic acid daily from their diets.    However, 

three of them supplemented their diets with ascorbic acid. 

A major modification of the microbiological B       assay method 

which uses the protozoan,   Ochromonas malhamensis,   was developed 

and used for these analyses.    In the course of the investigation,   it 

was discovered that the aconitic acid buffer had a stimulatory effect 

on the growth of the organism.    It was necessary to adjust the original 

method so that the B  _ standard solutions and the plasma samples 

had the same concentration of buffer.    Only in this way was it 

possible to obtain an accurate standard curve. 
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