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Pantothenic Acid

SUMMARY

Pantothenic acid [unctions as a component ol coenzyme A and
phosphopantetheine, which are involved in fatty acid metabolism.
Pantothcenic acid is widcly distributed in foods; deficieney has been
reported only as a result of feceding semisynthetic dicts or an
antagonist o the vitamin. The primary criterion used (o estimale
the Adequate Intake (AI) for pantothenic acid is intake adequate
to replace urinary excretion. The Al for adults is 5 mg/day. There
are no nationally representative estimates of the intake of panto-
thenic acid from food or from both food and supplements. There
is not sufficient scientific evidence on which to base a Tolerable
Upper Intake Level (UL) [or pantothenic acid.

BACKGROUND INFORMATION

Function

Pantothenic acid is vital to the synthesis and maintenance of co-
enzyme A (GoA), a cofactor and acyl group carrier for many enzy-
matic processes, and acyl carrier protein, a component of the fatty
acid synthase complex (Tahiliani and Beinlich, 1991). As such,
pantothenic acid is essential to almost all forms of life. Most tissues
transport pantothenic acid into cells for the synthesis of CoA.
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Physiology of Absorption, Metabolism, and Excretion

Absorption

CoA in the diet is hydrolyzed in the intestinal lumen to dephospho-
CoA, phosphopantetheine, and pantetheine, with the pantetheine
subsequently hydrolyzed to pantothenic acid (Shibata et al., 1983).
Pantothenic acid was the only one of these pantothenate-containing
compounds absorbed by rats in studies on absorption of the various
forms. Absorption is by active transport at low concentrations of the
vitamin and by passive transport at higher concentrations in animal
models (Fenstermacher and Rose, 1986). Because the active trans-
port system is saturable, absorption will be less efficient at higher
concentrations of intake, but the intake levels at which absorptive
efficiency decreases in humans are not known. Intestinal microflora
have been observed to synthesize pantothenic acid in mice (Stein
and Diamond, 1989), but the contribution of bacterial synthesis to
body pantothenic acid levels or fecal losses in humans has not been
quantified. If microbial synthesis is substantial, balance studies in
humans may have underestimated pantothenic acid absorption and
requirements.

Metabolism

The synthesis of CoA from pantothenate is regulated primarily by
pantothenate kinase, an enzyme that is inhibited by the pathway
end products, CoA and acyl CoA. Thus CoA production does not
reflect the amount of available pantothenate (Tahiliani and Beinlich,
1991). CoA, in forms such as acetyl CoA and succinyl CoA, plays an
important role in the tricarboxylic acid cycle and in the synthesis of
fatty acids and membrane phospholipids, amino acids, steroid hor-
mones, vitamins A and D, porphyrin and corrin rings, and neuro-
transmitters. It is also required for the acetylation and acylation of
proteins and the synthesis of a-tubulin (Plesofsky-Vig, 1996).

Excretion

GoA is hydrolyzed to pantothenate in a multiple-step reaction.
The pantothenic acid is excreted intact in urine, where it can be
measured by using a Lactobacillus plantarum assay or a radioimmuno-
assay. The amount excreted varies proportionally with dietary intake
over a discrete yet wide range of intake values.
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PANTOTHENIC ACID

Clinical Effects of Inadequate Intake

Pantothenic acid deficiency has only been observed in individuals
who were fed diets virtually devoid of pantothenic acid (Fry et al.,
1976) or who were given a pantothenic acid metabolic antagonist,
w-methyl pantothenic acid (Hodges et al., 1958, 1959). The subjects
exhibited various degrees of signs and symptoms, including irrita-
bility and restlessness; fatigue; apathy; malaise; sleep disturbances;
gastrointestinal complaints such as nausea, vomiting, and abdominal
cramps; neurobiological symptoms such as numbness, paresthesias,
muscle cramps, and staggering gait; and hypoglycemia and an in-
creased sensitivity to insulin. After 9 weeks of a semisynthetic diet
devoid of pantothenic acid, blood and urine concentrations were
substantially lower (Fry et al., 1976). Historically, pantothenic acid
was implicated in the “burning feet” syndrome that affected prisoners
of war in Asia during World War II. The condition improved after
pantothenic acid supplementation but not when other B-complex
vitamins were given (Glusman, 1947).

SELECTION OF INDICATORS FOR ESTIMATING
THE REQUIREMENT FOR PANTOTHENIC ACID

Urinary Excretion

Urinary excretion on a typical American diet is approximately 2.6
mg/day of pantothenic acid (Tarr et al.,, 1981) but it is strongly
dependent on intake. In a group of healthy adolescents aged 13 to
19 years, pantothenic acid intake (assessed from 4 days of food in-
take records) was significantly correlated with the pantothenic acid
concentration in urine (r= 0.6) (Eissenstat et al., 1986). Total daily
urinary excretion was not measured. Excretion of pantothenic acid
in the urine approached zero after 11 weeks of a diet devoid of the
vitamin (Hodges et al., 1958). In 10 young men, the urinary con-
centration of pantothenic acid fell gradually from 3.05 to 0.79 mg/
day in the six men who were fed a semisynthetic diet devoid of the
vitamin for 84 days (Fry et al., 1976). The other four men were
supplemented with 10 mg pantothenic acid/day for a 63-day period.
The excretion of the vitamin in their urine increased from 3.9 to
5.8 mg/day. In a final 7-day period, all 10 subjects were given 100
mg/day of pantothenic acid, and urinary excretion increased to
approximately 60 mg/day. The authors suggested that these results
implied that substantial amounts of the vitamin can be stored when
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intakes arc high. However, it is also possiblc that intestinal absorp-
tion was markedly lcss.

Blood Levels of Pantothenic Acid
Whole Blood

Normal valucs for pantothenic acid in whole blood have been
reporied to be 1.57 o 2.66 pmol/L. when care is taken o fully
rclcasc pantothenate from CoA (Wilwer ct al., 1989). Concentra-
tions fcll from 8.9 o 6.4 pmol/L (1.95 to 1.41 pg/mlL) when six
adult malc prisoncrs were fed a dict free of pantothenic acid for 28
days (Fry ct al., 1976). No further reduction was scen during the
subscquent b weeks of depletion, In comparison, in four similar
individuals supplemented with 10 mg/day of pantothenic acid, con-
centrations at the end of 9 wecks were not incrcased comparced with
bascline, suggesting that a valuc of approximatcly 9 pmol/L (2 pg/
mL) represented normal blood concentrations of the vitamin for
these subjects. In a study of 63 hcalthy adolescents, whole-blood
concentrations and intake were significantly corrclated (r = 0.4),
bul there was no corrclation between whole-blood content and uri-
nary cxcrction of the vitamin (Eissenstat ct al,, 1986).

Serum or Plasma

Concentrations in plasma arc much lower than in whole blood.
They do not corrclate with whole-blood levels (Cohcenour and
Calloway, 1972) becausc the latter also contain CoA and other co-
cnzymes conlaining pantothenic acid. Plasma concentrations arc
less reflective of changes in intake or stawus (Baker ct al., 1969).
Whole-blood and crythrocyle pantothenic acid concentrations arc
strongly corrclated (Eisscnstat ct al. 1986).

Erythrocytes

In rats, crythrocyles were found 1o contain pantothenic acid, 4'-
phosphopantothenic acid, and pantothcine but not CoA (Annous
and Song, 1995). The corrclation between crythrocyle and whole-
blood concentrations of pantothenic acid in a group of 57 appar-
enlly well-nourished adolescents was 0.8, and the corrclation with
dictary intake was 0.4 (Eisscnstat ct al,, 1986). Avcrage crythrocyle
concentrations were 1.5 pmol/L (334 ng/ml). Corrclations
bctween erythrocyle concentrations and both intake and urinary
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cxcrclion were similar 1o those for whole-blood concentrations,
There was no significant corrclation with urinary excrction of the
vilamin. Although it is thcorctically possible that crythrocyle con-
centrations arc a morg accurale representation of status than whole-
blood concentrations hecause of the contribution of scrum panto-
thenic acid o the latter, no clear advantage of using crythrocyle
valucs was cvident in this population group. A modcl was developed
that predicted crythrocyle pantothenic acid concentrations from
intakc and urinary concentrations, but it explained only 30 percent
of the variance in crythrocyle concentrations, which may have
rcsulied from crrors in the estimation of intakce, variabilily in tissuc
storage and utilization, and diffecrences among subjects in the
amount abhsorbcd,

FACTORS AFFECTING THE PANTOTHENIC ACID
REQUIREMENT

Bioavailability

Liule information is available on the bioavailability of dictary pan-
tothenic acid. Values of 40 to 61 percent (mean 50 percent) have
been given for absorbed food-bound pantothenic acid. These valucs
were derived by comparing urinary excrction of the vitamin afier
feeding a formula dict containing 8.2 mg/day of pantothenic acid
(of which 6.0 mg was frce crystalline pantothenic acid) with excre-
tion after ingestion of natural foods containing 11.5 mg/day (Tarr
ct al., 1981). Tt was assumcd that 100 pcrcent of the crystalline
vilamin was absorbcd.

Nutrient-Nutrient Interactions

There is almost no information on the intcraction belween pan-
lothenic acid and other nutrients. Koyanagi and collcagucs (1969)
studicd subjccts consuming a constant dict that contained 2.37 mg
of pantothenic acid, 1.17 mg of thiamin, 0.87 mg of riboflavin, 735
IU of vitamin A, and 50 mg of ascorbic acid from food. A supplc-
ment containing cither 10 mg of pantothenic acid, 5 mg of thiamin,
5 mg of riboflavin, 2,500 TU of vitamin A, or 100 mg of ascorbic acid
was given 1o onc of five subject groups (four (o five subjccts per
group) for onc week in addition 1o the dict. The groups recciving
the pantothenic acid, thiamin, or riboflavin supplements had in-
crcascs in the scrum and urinary concentrations of pantothenic
acid from prestudy valucs; the groups rccciving ascorbic acid or
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vilamin A supplements did not. This study suggcests that thiamin,
and 1o a lesser extent riboflavin, resulied in changes in pantothenic
acid mctabolism and cxcrection. However, the levels of significance
were not delermined for the nutrients studicd,

Oral Contraceptive Agents

Lewis and King (1980) investigated whether high-dosc oral contra-
ceptive agents affected pantothenic acid metabolism in 13 women
between the ages of 19 and 24 years cnrolled in a 12-day confined
study. At the end of the study, blood levels and urinary pantothenic
acid cxcretion were similar in the subjects and controls, The investi-
gators concluded that high-dosc oral contraceptive agents do not
causc significant changes in the biochemical paramciers of pan-
tothenic acid.

FINDINGS BY LIFE STAGE AND GENDER GROUP
Infants Ages O through 12 Months
Method Used to Set the Adequate Iniake

There are no functional criteria for pantothenic acid status that
rcflect response 1o dictary intake in infants. Thus, reccommended
intakes of pantothenic acid arc based on an Adequate Intake (Al)
that reflects the obscrved mcean intake of infants fed principally
with human milk.

Ages O through 6 Months. On the basis of a summary of rccent
studics in North America and the United Kingdom (Picciano, 1995),
the average pantothenic acid concentration of mature human milk
rangcs from 2.2 to 2.5 mg/L. Valucs at the upper end of this rangc
included those from women taking multivitamin supplements con-
ltaining pantothenic acid. The Al is based on a reported average
intake of human milk of 0.78 1./day for this agc group (scc Chapter
2) and an avcrage pantothenic acid concentration of milk of 2.2
mg/L. This gives an Al for pantothenic acid of 1.7 mg/day for
infants ages 0 through 6 months,

Ages 7 through 12 Months. If the reference body weight ratio method
described in Chapter 2 is uscd (o extrapolatc from the Al for panto-
thenic acid for infants ages 0 through 6 months, the Al for pan-
tothenic acid for older infants would be 2.2 mg/day. This is some-
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what higher than the valuc obtained from the sccond method (sce
Chapter 2) by extrapolating down from the Al for adults to estimate
a rccommendced intake, which results in an AT for pantothcmc acid
of 1.4 mg/day. The Al for pantothenic acid for older infants is sct
as thc mcan obtained from these two methods of extrapolation, 1.8
mg/day.

Pantothenic Acid AI Summary, Ages O through 12 Months

Al for Infants
0-6 months 1.7 mg/day of pantothenic acid  =0.2 mg/kg
7-12 months 1.8 mg/day of pantothenic acid  =0.2 mg/kg

Children Ages 1 through 13 Years

No data were found on which to basc an Estimated Avcrage
Requirement (EAR) and thus a Recommended Diclary Allowance
(RDA) for pantothcnic acid for children or adolescents of any age
group. Thus, Als have been sct instead.

Method Used to Set the AI

Ages 1 through 3 Years. In the abscence of additional information,
Als for these age groups have been extrapolaied from adult valucs
by using the mcthod described in Chapter 2, which gives an Al of 2
mg/day.

Ages 4 through 13 Years. In a study of 40 prcschool children aged 3
to 5 ycars, dictary intake of pantothenic acid was mcasurced by 3-day
food rccords (Kerrey ct al,, 1968). The children were groupcd by
sociocconomic status. C}nldrcn in the high sociocconomic group
had lower reported dictary intakes of pantothenic acid than did
children in the low sociocconomic group (approxlmatcly 4 and 5
mg/day, respectively). However, the mean urmary excrelion of pan-
tothenic acid was 3.36 mg/day in the high sociocconomic group
comparcd with 1.74 mg/day in the low sociocconomic group.

Pacc and collcagucs (1961) studicd 35 healthy girls aged 7 10 9
ycars during three study periods. Urinary excrction was mcasurced
while feeding controlled dicts, Dictary intake ranged from 2,79 +
0.33 (standard deviation [SD]) mg/day to 5.00 £ 0.82 mg/day. Av-
crage daily excrction of urinary pantothenic acid was 1.3 mg (47
percent of intake) when intake was 2.79 + 0.33 mg/day and 2.7 mg
(63 percent of intake) when intake was 4.49 + 0.76 mg/day. Thesc
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data indicatc that intakes of 2.8 10 5.00 mg/day cxcced urinary
cxerelion,

By cxtrapolating the Al for children from the adult Al for pan-
tothenic acid using the mcthod described in Chapler 2, valucs of 3
and 4 mg/day arc obtaincd for children ages 4 through 8 years and
9 through 13 ycars, respectively. These valucs arc consistent with
the results reviewed above,

Pantothenic Acid AI Summary, Ages 1 through 13 Years
AT for Children

1-3 years 2 mg/day of pantothenic acid
4-8 years 3 mg/day of pantothenic acid
Al for Boys
9-13 years 4 mg/day of pantothenic acid
Al for Girls
9-13 years 4 mg/day of pantothenic acid

Adolescents Ages 14 through 18 Years

Evidence Considered in Setting the AI

Eisscnstal and collcagues (1986) studicd 26 healthy males and 37
hcalthy females aged 14 o 19 and 13 to 17 years, respectively, The
subjccts kept 4-day dictary records. The average pantothenic acid
intake was 6.3 2.1 (SD) mg/day for boys and 4.1 + 1.2 mg/day for
girls. Only six subjccts ook pantothenic acid supplements, which
prov1dcd at Icast b mg/day of additional pantothenic acid. Pantothen-
alc in subjects’ daily pooled urine samples was mcasurcd by radio-
immunoassay. The average urinary pantothenate excretion for the
unsupplemented subjects was 3.3 £ 1.3 (SD) mg/g of creatinine for
the boys and 4.5 + 1.9 mg/g of crcatininc for the girls (approxi-
maicly 5.0 mg/day for the boys and 4.2 mg/day for the girls, bascd
on avcrage crcatinine values for adult individuals of this height)
(Schncider ct al., 1983).

Whole-blood and crylhrocyle pantothenale were also mcasurced.
Whole-blood averages were 1,86 + 0.47 pmol /L (411.9 + 102.8 ng/
mlL) for boys and 1.57 + 0.52 pmol/L (344.5 + 113.6 ng/mlL) for
girls, Erythrocyte pantothenate concentrations averaged 1.70 + 0.47
pmol/L (375.6 + 104.3 ng/mlL) for boys and 1.36 + 0.42 pmol/L
(301.4 £ 93.5 ng/mlL) for girls. These data indicate that intakes of
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less than 4 mg/day supporicd normal concentrations of pantothenic
acid (1.57 10 2.66 pmol/L) (Wittwer ct al., 1989) in wholc blood.

Similarly, Kathman and Kics (1984) rcportcd that during a 4-day
tlest period, cight boys and four girls aged 11 to 16 ycars had aver-
agc pantothenic acid intakes of 5.6 mg/day (range 4.0 to 7.9 mg/
day). These valucs were calculated from dict diarics and check lists,
Avcrage urinary pantothenic acid excretion was 3.74 mg/g of creat-
ininc, However, over this 4-day period there was no statistically sig-
nificant corrclation between pantothenic acid intake and excretion,

By cxlrapolatmg the AT for adolescents from the adult AT for pan-
tothenic acid using the method described in Chapter 2, a valuc of 5
mg/day is obtaincd when urinary excrction was converted o mg/
day from mg/g crcatinine, which is consistent with the results
rcvicwed above.

Pantothenic Acid AI Summary, Ages 14 to 18 Years

Al for Boys
14-18 years 5 mg/day of pantothenic acid

Al for Girls
14-18 years 5 mg/day of pantothenic acid

Adulis Ages 19 through 50 Years

Evidence Considered in Setting the AI

The usual pantothenic acid intake is 4 to 7 mg/day, as reported
for small groups of U.S. adults and adolcscents (Bull and Buss, 1982;
Kathman and Kics, 1984; Srinivasan ct al., 1981; Tarr ct al., 1981),
There is no cvidence suggestling that this range of intake is inade-
quatc. Thus, the approximaltc m1dpomt—5 mg/day—is sct as the
Al for adults, The adequacy of this intake is supporicd by the only
study of the rclationship belween daily intake and cexcrction in
adults (Fox and Linkswilcr, 1961). Eight hcalthy women aged 18 (o
24 ycars were studied to determine the urinary cxcretion of
pantothenic acid on three levels of intake in the normal range. On
sclfsclected dicts the women consumed 3.4 1o 10.3 mg/day of
pantothenic acid as cstimated from the tables of Zook ct al. (1956)
and Sarrcut ct al. (1946). Dicts were then standardized o include
2.8 mg/day of pantothenic acid for 15 days, 7.8 mg/day for 10 days,
and 12.8 mg/day for 10 days. Thec mcan urinary cxcrction of pan-
lothenic acid after consumption of these pantothenic acid intakes
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was stated to be 3.2, 4.5, and 5.6 mg, respectively. However, the
published plot of these data suggests that excretion averaged closer
to 4 and 5 mg/day at the 2.8 and 7.8 mg/day intakcs, rcspcctwcly,
lending some uncertainty o the results. From the regression cqua-
tion given relating intake o urinary excretion, a pantothenic acid
intakc of approximaicly 4 mg/day would rcsult in a similar amount
of urinary cxcrction of this vitamin. Because of uncertaintics in the
accuracy of the published valucs in foods used lo cstimate intakes,
small numbcr of subjects studicd, and lack of information about
the cffects of intake on the cfficiency of absorption and storage of
the vitamin, these results can only be used o support the adequacy
of the Al and not (o sct an EAR and RDA.

There is no information on pantothenic acid requircments of
middlc-agc adults aged 31 through 50. The Al for younger adults, 5
mg/day, is thercefore recommended for the age range 19 through
50 ycars, Similarly, there is no basis for determining a scparate rec-
ommendation bascd on gender, so the Als for men and women arc
the samc.

Pantothenic Acid AI Summary, Ages 19 through 50 Years

Al for Men
19-30 years 5 mg/day of pantothenic acid
31-50 years 5 mg/day of pantothenic acid

Al for Women
19-30 years 5 mg/day of pantothenic acid
31-50 years 5 mg/day of pantothenic acid

Adults Ages 51 Years and Older

Evidence Considered in Setting the AI

In a study of 65 noninstitutionalized men and women aged 65
ycars or older (mcan age 73 ycars), pantothenic acid intakes from
food averaged 2.9 mg/ 1,000 keal, or 5.9 0.1 (standard crror) mg/
day (rangc 2.5 10 9.5 mg/day) (Srinivasan ctal., 1981), Sixty pcreent
of these clderly consumed supplements that incrcased this usual
intake by 17 mg/day. The supplements did not, however, incrcasc
blood concentrations of the vitamin, Urinary pantothenic acid ex-
crction of unsupplemented individuals averaged 6 mg/day. These
data support thc adequacy of the 5.9 mg/day intakc from dict alonc.
There was no change in urinary excretion with age. Because there
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is no basis for cxpecling an incrcased pantothenic acid require-
ment in the clderly, the Al is sct at 5 mg/day—thc same as for
younger adults.

Pantothenic Acid AI Summary, Ages 51 Years and Older

Al for Men
51-70 years 5 mg/day of pantothenic acid
> 70 years 5 mg/day of pantothenic acid

Al for Women
51-70 years 5 mg/day of pantothenic acid
> 70 years 5 mg/day of pantothenic acid

Pregnancy

Evidence Considered in Setting the AI

There is little information on pantothenic acid requirements dur-
ing pregnancy. In a longitudinal study of 26 pregnant women dur-
ing thcir third trimcster and at 2 weeks and 3 months posiparium,
blood pantothcnale concentrations were significantly lower than
thosc of 17 nonpregnant control women, but there was no differ-
cnce in daily urinary cxcretion during laie pregnancy comparcd
with control subjects (Song ct al., 1985). Morcover, when data for
unsupplemented women mcasurcd in the third trimester and again
at 2 weeks postpartum were combined, average intake exceeded
excrclion across the range of intakes (mcan dlclary intake 5.3+ 1.7
[SD] mg/day in pregnancy, 5.9 + 2.0 [SD] mg/day in lactation, and
2 to 11 mg/day ovcrall). In thc abscnce of information showing
that usual intakes in the United States and Canada arc inadcqualtc
lo support a hcalthy pregnancy oulcome, and rounding up from
this average intake, an Al of 6 mg/day of pantothenic acid is sct for
pregnant women,

Pantothenic Acid AI Summary, Pregnancy

Al for Pregnancy

14-18 years 6 mg/day of pantothenic acid
19-30 years 6 mg/day of pantothenic acid
31-50 years 6 mg/day of pantothenic acid
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Lactation

Fuidence Considered in Setting the AT

The pantothenic acid content of milk appears to increase with
increased intake of the vitamin. In India usual intakes of pantothenic
acid were correlated with the concentration of the vitamin in human
milk (Deodhar and Ramakrishnan, 1960). A similar finding was
reported for 26 mothers who were nursing infants at 2 and 12 weeks
postpartum (Song et al., 1984); milk pantothenate content was
significantly correlated with dietary intake (r = 0.51) and urinary
excretion (r=0.57) of the vitamin and weakly correlated with blood
concentrations (r=0.19). The pantothenic acid content of the milk
of supplemented mothers was approximately five times higher than
that of the unsupplemented mothers. Blood pantothenic acid con-
centrations were significantly lower in lactating women at 3 months
postpartum (Song et al., 1985) and at 6 weeks postpartum (Cohenour
and Calloway, 1972) than for control women who had not been
pregnant. Although there is no evidence that pantothenic acid in-
takes are inadequate to support function during lactation, on the
basis of the additional secretion of the vitamin in human milk (1.7
mg/day) and the lower maternal blood concentrations reported
when intakes are about 5 to 6 mg/day, an Al of 7 mg/day of pan-
tothenic acid is recommended.

Pantothenic Acid AI Summary, Lactation

Al for Lactation

14-18 years 7 mg/day of pantothenic acid
19-30 years 7 mg/day of pantothenic acid
31-50 years 7 mg/day of pantothenic acid

INTAKE OF PANTOTHENIC ACID

Food Sources

Pantothenic acid is found both free and conjugated in virtually all
plant and animal cells. To estimate the dietary intake of pantothenic
acid in foods, it is necessary to convert bound pantothenic acid, for
example, in coenzyme A (CoA) and fatty acid synthetase, to the free
form. Various analytical methods have been used to gather informa-
tion on the pantothenic acid content of foods (Orr, 1969; Schroeder,
1971; Walsh et al., 1981; Zook et al., 1956). Older data on food



PANTOTHENIC ACTD 369

composilion were based on microbiological assays for pantothenic
acid. A high-pcrformance liquid chromatography mcthod was pub-
lished rclallvcly rceently and has been used for the analysis of pan-
tothcnic acid in infant formulas (Romcra ct al., 1996). Howcever,
data on the pantothenic acid content of food rcgardlcss of mcthod
arc very limited. Chicken, beef, potatocs, oat cercals, tomato prod-
ucts, liver, kidney, yeast, cgg yolk, broccoli, and whole grains arc
rcporled 1o be major sources of pantothenic acid (Plesofsky-Vig,
1996; Walsh ct al., 1981). Royal bce jelly and ovarics of tuna and
cod have very high levels of pantothenic acid (Robinson, 1966), but
rcfined grains, fruit products, and mcats and fish with added fats or
cercal exienders appear 1o be lower in pantothenic acid content.
Frcezing and canning of vegetables, fish, meat, and dairy products
has been shown o decercase the pantothenic acid content of those
foods (Schrocdcer, 1971). Processing and refining grains resulted in
a 37 to 74 percent loss of pantothenic acid (Walsh ct al., 1981).

Dietary Intake

The major surveys of nutrient intake used in this report (the U.S.
Dcpariment of Agriculture Continuing Survey of Food Intakes by
Individuals, the Third National Health and Nutrition Examination
Survey, and the Boston Nutritional Status Survey) do not cstimatc
the pantothenic acid intake from dict, largely because of the incom-
pleteness of data on the pantothenic acid content of food. Usual
daily intakes of about 4 to 7 mg have been rcportcd quilc consis-
tently in small groups of adolescents and adults of various ages (Bull
and Buss, 1982; Kathman and Kics, 1984; Srinivasan ci al., 1981;
Tarr ctal., 1981). Data from a survey conducted in onc province in
Canada indicated median daily intakes of pantothenic acid from
foods of approximatcly 5 mg for men and 4 mg for women (Santé
Québcece, 1995).

Intake from Supplements

Results from the 1986 National Health Interview Survey indicate
that 22 pcreent of U.S. adults ook a supplement containing pan-
tothenic acid (Moss ct al., 1989).
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TOLERABLE UPPER INTAKFE LEVELS
Hazard Identification

Adverse Effects

No reports of adverse effects of oral pantothenic acid in humans
or animals were found. Therefore, a quantitative risk assessment
cannot be performed and a Tolerable Upper Intake Level (UL)
cannot be derived for pantothenic acid.

In the absence of known toxic effects by ingestion, a lowest-observed-
adverse-effect level (LOAEL) and an associated no-observed-adverse-
effect level (NOAEL) cannot be determined. A search of the litera-
ture revealed no evidence of toxicity associated with the intake of
pantothenic acid. Vaxman et al. (1996) noted no toxic effects of 0.2
to 0.9 g/day of pantothenate combined with ascorbic acid (1 to 3
g/day) in a study of effects on wound healing. However, another
study (Haslam et al., 1984) indicated that a combination of 1.2 g of
calcium pantothenate, 0.6 g of pyridoxine, 3 g of niacinamide, and
3 g of ascorbic acid taken daily for 6 weeks was associated with eleva-
tions in serum transaminase levels in children. One of these doses
or the combination may therefore cause hepatotoxicity, but it is not
possible from this study alone to ascribe to pantothenic acid the
reported adverse effect in liver function.

Special Considerations

A review of the literature failed to identify special subgroups that
are distinctly susceptible to adverse effects of excess pantothenic
acid intake.

Intake Assessment

Because national surveys do not provide data on the intake of
pantothenic acid, a reasonable intake assessment of the 90th and
95th percentiles from U.S. or Ganadian national surveys is not pos-

sible.

Risk Characterization

No adverse effects have been associated with high intakes of pan-
tothenic acid.
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RESEARCH RECOMMENDATIONS FOR
PANTOTHENIC ACID

Relatively little information is available about pantothenic acid as
a nutrient; priority research areas for this vitamin include the
following:

* Pantothenic acid requirements of different age groups, espe-
cially infants, children, and the elderly.

® Bioavailability of pantothenic acid from different foods and
mixed diets and of the extent to which synthesis by intestinal bacte-
ria contributes to meeting the requirement.

® Use of newer methods, such as high-pressure liquid chromatog-
raphy, to analyze pantothenic acid in foods. At present, pantothenic
acid intakes are not calculated in national surveys such as the Third
National Health and Nutrition Examination Survey because of a
lack of information on the pantothenic acid content of foods.
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