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ity. This suggests that thyroid hormone is directly involved 
in human  ovarian function but  the precise mechanism be- 
hind its involvement still remains to be elucidated. 
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Summary. Many cell culture media use different sera to enhance growth. We assayed vitamins and some related metabolites 
in different sera and identified the concentrat ion of: thiamin, biotin, folates, riboflavin, pantothenates,  nicotinates, vitamins 
B6, B1 z, A, E, C, and carotenes and some related metabolites: biopterins, free inositol, free and total choline, total carnitines 
in chicken, horse, rabbit,  goat, pig, calf, newborn calf, fetal catf and human  sera. Results indicate that vi tamin and metabolite 
content  of different sera vary. Such variations could produce fluctuant effects on cell culturings if the metabolite content  of 
the serum is not  documented. 
Key words. Vitamins; cell culture. 

Nearly all cell culture media have additions of serum, ascitic 
fluid, tissue extracts or the like for enhanced growth ~-4. 
Cultured ceils in defined or semi-defined media generally 
contain choline, folic acid, nicotinamide, pantothenate,  pyri- 
doxal, thiamin, cyanocobalamin and inositol 3 Their con- 
centrations in such media are in many instances very low, 
hence a quant i ta t ion of actual vitamin requirements may be 
obscured by crude supplements commonly  employed. Addi- 
t ional vitamins, for example, are usually contr ibuted by se- 
rum additions which moreover contribute various growth 
stimulants for different cells 1 -4. Because of difficulties in 
identification of  significant growth Stimulators in serum, de- 
fined media are being devised so constituents are kept as low 
as practicable 2, 3. Al though defined media containing salts, 
amino acids, purines, pyrimidine and some vitamins provide 
excellent growth for many  celt lines, sustained growth for 
many lines however require that the medium be fortified with 

an animal or human  serum or some equivalent 3, s, 6; many 
kinds of sera are available for the purpose. However concen- 
trations of  vitamins and other metabolites contained in com- 
mercially available sera have, to our knowledge, been scant- 
ily documented. Such information could guide the in- 
vestigator's choice of  a serum for studying specific cellular 
metabolic pathways and growth patterns and may avoid 
confounding results obtained in cell culturings because of 
metabolite imbalances. Consequently we assayed vitamins 
and some related metabolites in various animal and human  
sera. 
Materials and methods. Each of four different pooled batches 
ofpath0gen,  antibiotic and drug-free serum from: chickens, 
horses, rabbits, goats, pigs, calves, newborn calves, fetal 
calves and humans  were assayed for vitamins and several 
metabolites (vide infra). Except for human  serum, all other 
sera were from Sigma Chemical Co. (St. Louis, MO) and 
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Hyclone (Logan, Utah). Pooled human sera were from 30 
healthy laboratory personnel not taking drugs or vitamins; 
samples were not used immediately, but stored frozen 
( - 2 0  ~ until analyzed. Several heat-inactivated sera were 
also assayed. Heat-inactivated serum denotes serum which is 
heat-inactivated in a water bath at 56 ~ for 30 min to inac- 
tivate complement 7, 8. Sera were estimated for thiamin, bi- 
otin, nicotinates, pantothenates, vitamins B6, Bt2 and ri- 
boflavin with protozoa g; total folates were assayed with 
Lactobacillus case• (ATCC 7469) 9. Vitamins, A, E and C and 
carotenes were determined spectrophotometrically 9. Total 
choline (free choline + phospholipid choline) and free 
choIine (choline + acetylcholine) were each determined 
with Torulopsispintolopessi (ATCC 36231) ~o; total carnitine 
with Torulopsis bovina (ATCC 26014) (in preparation); 
biopterins: defined as biological active unconjugated pteridi- 
nes, by Crithidia fascieulata (ATCC 12837) growth re- 
sponse 11; free inositol analyzed with Saccharomyces uvarum 
(ATCC 9080) (in preparation). The methods used analyze for 
only the metabolically active forms of metabolites for man 
and higher animals 9.12. Deviation of the mean (_+ SD) for 
each serum sample was calculated 2< 
Results. Vitamins and other metabolite levels in sera are 
tabulated in the table. 
B~2 (pg/ml): Rabbit serum had the highest titer: 
94,444 • 962 whereas chicken serum had the lowest 
~4 • 2.1. Vitamin B12 levels in descending order were: rab- 
bit, horse, human, goat, fetal and newborn calf, calf, pig, and 
chicken. Heat-inactivation of  horse and calf serum did not 
lower B12; it did lower newborn calf serum by more than 
50%. 
Folate (ng/ml)." Fetal calf serum had the highest titer: 
43.8 • 7.7; goat the lowest: 3.0 • 0.2. Folate levels in de- 
scending order were: fetal calf, calf, newborn calf, horse, 
chicken, pig, human, rabbit, and goat. Heat-inactivation 
lowered the folate level in newborn calf serum by approxi- 
mately 82 %. 
B 6 (ng/ml)." Calf serum had the highest level: 231.3 • 50.5; 
newborn calf the lowest: 20.9 • 1.3. Concentrations of sera 
in descending order were: calf, chicken, fetal calf, goat, hu- 
man, rabbit, horse, pig, and newborn calf. Heat-inactivation 
lowered B 6 in calf serum by approximately 20 %; it did not 
markedly change horse or newborn calf serum levels. 
Thiamin (ng/ml) : Rabbit serum had the highest thiamin lev- 
els: 124 + 8.3; horse the lowest; 10.9 • 0.8. Concentrations 
in descending order: rabbit, fetal calf, pig, chicken, calf, 
goat, human, newborn calf, horse. Heat-inactivation of 
horse, calf or newborn calf sera did not markedly affect 
thiamin levels. 
Biotin (pg/mg) : Fetal calf was highest: 35,140 + 4,130; goat 
serum the lowest: 71.9 +_ 34. Sera, in descending order of 
concentration were: fetal calf, chicken, calf, pig, rabbit, new- 
born calf, human, horse, goat. Heat-inactivation causes a 
20% decline in calf serum biotin content, a 51% decline in 
newborn calf serum, and 66 % decline in horse serum. 
Pantothenate (ng/ml) : Fetal calf serum had the highest level: 
20,420 • 2700; human serum the lowest: 201 • 143; in de- 
scending order of concentration: fetal calf, newborn calf, 
chicken, pig, calf, horse, rabbit, goat, and human. Heat-inac- 
tivation decreased pantothenate in horse serum by about 
48 %, newborn calf serum by about 46 %. 
Riboflavin (ng/ml): Pig serum had the highest level: 
326.:7 + 30.6; chicken the lowest: 77.5 • 13.4; in descending 
order o f  concentration: pig, fetal calf, calf, newborn calf, 
rabbit, human, horse, goat and chicken. Heat-inactivation 
decreased horse serum by about 14 %, newborn calf serum 
by about 20 %, and calf serum by about 24 %. 
Nieotinate (ng/ml): Newborn calf serum had the highest 
level: 1260 • 100, human the lowest: 30 _+ 15; concentra- 
tion in descending order: newborn calf, fetal calf, horse, 

goat, rabbit, calf, chicken, pig, and human. Heat-inactiva- 
tion lowered nicotinate in newborn calf serum by 13 % but 
horse or calf serum remained unchanged. 
Vitamin A (ng/ml): Chicken serum was highest: 
1360 • 340; newborn calf the lowest: 160 _+ 40; in descend- 
ing concentration order: chicken, pig, human, rabbit, calf 
and goat, horse, fetal calf, and newborn calf. Heat-inactiva- 
tion lowered vitamin A in newborn calf serum by 19%, but 
did not affect the vitamin A content of horse or calf sera. 
Carotenes (ng/ml): Chicken serum had the highest: 
9830 • 2850; rabbit, goat, pig, newborn calf and fetal calf 
had levels below 100 (undetectible); in descending order: 
chicken, calf, haman, and horse, and undetectible Ievels (be- 
low 100) in rabbit, goat, pig, newborn calf, and fetal calf. 
Heat-inactivation lowered carotene in horse serum from 
260 __ 19 to below 100, not so for calf serum. 
Vitamin E (#g/ml): Human sera was highest in vitamin E: 
11.2 + 1.2; chicken had 5 • 1.4 and fetal calf 1.3 • 0.9 
whereas 1.0 or less than 1.0 (undetectable) of vitamin E is 
contained in the other sera tested. 
Vitamin C (#g/ml) : There is less than 0.5 gg/ml of ascorbate 
in all sera tested. The sera were not freshly drawn thus ascor- 
bate is degraded in the processing procedure (see discussion). 
Biopterins (ng/ml)." Fetal calf serum had the highest: 
28.3 • 3.0; human serum had the lowest, 0.9 ! 0.2, in de- 
scending order: fetal calf, rabbit, chicken, pig, newborn 
calf, goat, horse, calf, human. Heat-inactivation reduced 
biopterins in newborn calf serum by approximately 87 %, 
horse or calf sera were unaffected. 
Inositol (r Fetal calf serum had the highest: 
152 • 15.9; human serum had the lowest: 5.7 • 2.4 in de- 
scending order: fetal calf, chicken, newborn calf, pig, goat, 
calf, horse, rabbit, human. Heat-inactivation did not affect 
horse or calf serum but lowered inositol in newborn calf 
serum by approximately 38 %. 
Carnitine (r : Goat serum had the highest: 28.3 • 1.5; 
whereas fetal calf serum had the lowest, 4.0 • 0.8, in de- 
scending order: goat, rabbit, calf, pig, human, horse, new- 
born, calf, chicken, fetal calf. Heat-inactivation did not af- 
fect carnitine concentration. 
Free choline (r Chicken serum had the highest: 
52.8 • 8.4; human serum the lowest, 4.6 • 1.3; in descend- 
ing order: chicken, pig, newborn calf, rabbit, fetal calf, calf, 
goat, horse, human. Heat-inactivation did not affect free 
choline concentration. 
Total choline (r Chicken sera had the highest total 
choline: 311 • 35; fetal calf serum had the lowest, 112 • 38. 
In descending order of concentration: chicken, calf, human, 
pig, rabbit, horse, goat, newborn calf, fetal calf. Heat-inacti- 
vation reduced the choline concentration in horse serum by 
approximately 30 %, in calf serum by 12 %, and in newborn 
calf serum by 8 %. 
Discussion. As repeatedly shown, sera as supplements of cell- 
culture media may decisively provide growth 3.6. In not-fully 
defined media, mammalian cells in culture satisfy their lipid 
requirements mainly from serum used in medium 14; yeast 
and peptone digests can also serve as alternatives for serum 
in some instances ~s. Eagle's defined medium, with various 
modifications over the years, supplemented with 10 % heat- 
inactivated human or fetal serum has been virtually standard 
for supplying undefined nutrients in large-scale screening 
for anti-cancer agents 16 A drawback in growing many, if 
not most, cells in defined media is lack of  essentials which 
sera provide. Because vitamins by definition can not be syn- 
thesized by cells a wide variety of forms and concentration 
are added to media. Presumably one of the functions of sera 
is to make up for inadvertent deficiencies in vitamin supply. 
One danger here is that excess of some vitamins may be 
detrimental. For example, excess vitamin A, as amply 
demonstrated, may cause damage to cell membranes 17 Ex- 
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cesses may be brought  in by using sera that have high content  
of specific vitamins. As shown in the table 1, chicken serum 
is extremely high in vi tamin A (1360 _+ 340 ng/ml) compared 
with newborn calf serum (160 _+ 40 ng/ml). Presumably then 
chicken serum should be avoided when one is concerned 
about  cellular disruption. Different sera may contain vary- 
ing levels of  a particular vi tamin (table), e.g. horse and rabbit  
sera contain high titers of B12 whereas calf serum contains 
approximately 500 times less than rabbit  serum. Thus the 
need or absence of  a part icular vi tamin depends on the medi- 
um as a whole, the serum used, and the cell types being 
cultured. The information in t h e  table may help unravel 
some of the mishaps in cell culture. Possession of  vi tamin 
profiles for a particular serum sample used may provide 
useful guides to the choice of  sera for cell culturings so as to 
avoid cell growth derangements. Instabili ty of  thiamin, ri- 
boflavin and vitamin C suggests that those vitamins might 
also become limiting, especially in serum-free culture media. 
Sera assayed here (table) contain virtually no vitamin C be- 
cause of  prolonged storage. Fresh a n i m a l a n d  human  sera 
(less than 12 h old) contains appreciable vi tamin C 12' ,8 
During a longer storage period, vi tamin C activity disap- 
pears not  only from sera (table) but  from media as well ,9 by 
oxidative degradation. We found that when fresh ascorbic 
acid (dissolved in phosphate buffered saline pH 7.2 or water) 
is added to R P M I  series (1640) medium fortified with 2 % 
human  serum for leucocyte culture, the medium still retains 
ascorbate activity. If  the ascorbate medium is incubated 
longer than 48 h, ascorbate activity completely dissipates. 
Heat-inactivation at 56 ~ in many  instances decreases some 
vitamins and metabolites in some sera (table). Thus, lower- 
ing of vi tamin content  in heat-inactivated sera should be 
taken into account when such sera are added to media. Also 
the sometimes needed anti-oxidant  activity of  vitamins such 
as vitamins C and E are lacking in stored sera (table). This 
may pose a problem when such vitamins are needed for cell 
culturings to insure anti-oxidant  activity. 
The titers ofmetaboli tes  other than vitamins in different sera 
(table) must  also be taken into account.  Accordingly, car- 
nitine, inositol, biopterins and choline reflects recognition 
that they too affect cell metabolism. The role of carnitine in 
cellular fatty acid oxidation, as an energy source, and other 
functions is being actively investigated 20; the phosphorylat-  
ed forms of inosi tol  are impor tant  in mobil izat ion of  calcium 
especially in membrane  function2*; likewise the myriad 
functions of choline in lipid metabolism and methylations 22 
Biopterins, notably  as tetrahydrobiopterin,  cofactors the 
formation of  indoleamines and catecholamines 23 
Because degradation of metabolites in sera occurs (even if 
stored frozen), as well as fluctuations in sera metabolite con- 

centration due to differing dietary pattern of the donors, it 
becomes impor tant  to document  the actual metabolite con- 
tent of a serum sample before cell culture use to obtain prop- 
er cell-culturing reference points. Once reference points are 
obtained, metabolite concentrat ions can be adjusted by ad- 
ditions or dilutions to fit these points. This procedure then 
insures standardization of  metabolite concentrations when 
depleted supplies of  a specific serum for cell culture are re- 
placed with a supply from new donors. 
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