2124366 ASSESSMENT OF NUTRI TI ONAL STATUS COF | NDI VI DUALS The .present ‘\
invention’is in the field of nutritional assessnent and treatnent of
i ndi'vidual s so that the nutritional requirements of the 1ndividual can be 4
optim zed to provide inproved health and productivity. 5 zag)glﬁl ity
ate clinically recogni zabl e di seases, such as pell agl
3/ anem a, by nutritional faciors led to the discovery of several
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been acconpl i Fl%%% gely because net hods for assessnent of individual
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speci fic vitapbiifgradanl gaahm% é?tfsrﬂ”iill byhmteitmﬁn feormpaed cvi i a range of
normal values, n atte nutrient difr tﬁ?@l es. However,
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significantly anon nor ma I ndi Vi ese
previ ous et hwss.zsumteﬁnaéstgeastswm °h&0§%ﬁ@¥%ﬁsd€%ﬂﬁ%ﬂ ippREPAARE ent e
l'eveéls, nutri gitb malR4E pradiiice. and corrpar ed these with the averages of

cont roI groups. The revio u ow, f or, i ndi vi dual
vari ati ons whi ch ‘Qfﬁ%ﬁ f‘i}dﬁéet 8‘”&3 e T‘%P'ﬁ?m}’@ ?oﬁéagf’é@d Fn the
absence of sulihlalleeweba mutritioheaids diseaszash-ﬁmmomg penfirmiadca|and0wel+ at us,
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hutrition of r&dhysegwmpat iRt RIualVRLEntibAIt fdubs aRETh@ahs. DT BRI 68chas been
the nega-vita i ch, has recei ved 35 consi derabl e critici sm

n.,a 0ac e
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with coenzymes derived from specific vitan:ins, and analyses cf hair

have been compared with a range of normal values in attempts te
20 determine nutrient deficiencies. However, such methcds do not
actually determine the nutritional requirements of an individual, and
on the basis of biochemical individuaiity, nutritional requirements, .
particularly the quantitative needs,are known 1o vary significanily {;
among different "normal" individuals. In short, these previous methods
25 of assessment have merely deternmined the nutrient levels, nutricnt
intakes, etc. and compared these with the averages of control groups.
These previously used methods did nct aliow for individual variations
which affect everyone to a greater or lesser degiee.
In the abserce of suitable clinical tests for assessing individual
30 status, attempts in medical practice to utilize nutritional therapy have
been limited. A "well-balanced" dier scmetimes with limited vitamin
supplementation has been the most coinmon approach in mediczl
practice to nutrition of individual patients. More limited in medical
practice has been the mega-vitamin approach, nne which has received
35 considerabie criticism on the basis of limited experimental evidence

for pessible detrimental effects, lack of dara concerning possilie long
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for possible dettinental .effects, |ack of data concerning possible |ong

-2- ddverse effects,” and | ack of convincing evidence for a benefici al '
efect in the treatment of particul ar di sease states. For sone tine, @
been apparent that effective utilization of nutrition in medical prac

i s dependent upon the devel opment of 5 -~ Zethods for assessing the
nutritional status of each individual and identifying factors which limt
the:nutritional responses of each individual. It would be antici pat ed t hat

opt i zi ng nut edverse effactaaand lanki of meavingipgl evidenre forverbensfigialfeffest
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variation in nutritional responses. In the activation and initiation of

growth, the lymphocytes must carry out most of the reactions requirad
20 of any of the growing cells of the body; consequently, it would
be anticipated that abnormalities in the nutritional requirements or
metabolism of lymphocytes would likely reflect the condition in other
cells. Also, appropriate intervention by supplementation, or in the case
P of toxicities appropriate limitation of the toxic substance or reversal of
25  its effect by dietary supplementé, would be heneficial for the -
' individual. _
~ In order to devclep such '5.'ine’thod, it was necessary that
lymphocytes be cultured Z" a che'mi'cally defined medium without the
~ usual supplementation of fetal calf serum. Although activarion of
30 lymphocytes under serum-free conditions had been reported,
difficulties reported in achieving the same results in different
laboratories led to the suggestion that pg 'ly tface serum contaminants

A

uré—-’rvé 7?.*‘gpenmem:s.

or other artifacts were involved in % Sk
Serum albumin or unidentified sert _,-' aﬁro ﬁulé{s’ ere re.ported to
35 be absolutely essential for mitogefim , duc%&j \ﬁémsyn ﬁesns in human

péripheral blood lymphocytes.



or other artifacts were involved in the serumfree experinments: Serum
al bum n or unidentified serum nmacronol ecul es were reported-to 35 . be
absol utely essential for mtogen-induced synthesis in human peri pheral

bl ood lfTphocyt es. -3- Ininitiating the present invention, a nunber-of
chem c defined nedi a which had been used in'cell culture were found to
ol y margi nal activation and very3l m ted grow h of |ynphocytes.
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~obtain significant  growt h responses.
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response of other components. = .
. Accordingly, -it is an object of the present
invention to provide a culture medium by which a broad

survey of the deficiencies or abnormal requirements of
nutrients, sensitivity to nutrient_imbalaneeg,sensitivity
to toxic effects of nutrients,drugs, and a wide variety of

substances, and many biosynthetic capabi1ities for each

.- individual can be determined.

It is a further object of the present invention

.to provide a lymphocyte method of.assessment of the

25

30

nutritional status of individuals which provides
repeatable and quantitati#e results.

It is a further object of the preéent invention
to provide such an assay in which very small quantities
of blood are sufficient for the lymphocyte assay.

_ A further object of the preseﬁt jinvention is
the provision of such an assay which is repeatable and
quantitative for the determination of defiqiencies, _
ébnormal requirements for or_imbalances;of vitémins,
minerals, essential amino acids, carbphydrates]and

.other nutrients and biobhemical_intermediates and:in

35

which minimal quantities of culture components are used
which interact to provide these_repeatable quantitative
results. '
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30 guantitative for the determ nation of deficiencies, abnornmal _
requi-renments for or inbalances of vitamns, mnerals, essential amno

aci ds, carbohydrates and other nutrients and bi ochemn cal internedi ates and
in which mninmal quantities of culture conponents are used 35  whi &R,
I nteract to provide these repeatable quantitative results. -4-
further objects, features, and advantages agpgar'throughout. The p
i nvéntion provides a cell culture mediumfor cul turing | ynphocytes
conpLi'sing, a buffered, serumfree solution in deionized water of the

following conponents: - ahglwcand Purened’ BehKdEal e relitabess aamabl e of
bei ng converted netabolically to ucose choline or a precursor of

gl - b
choline; c) an iﬁ@W@&ﬁ?&ePOHPQGBBIéHEHPSBB ri sing chloride, sulphate,
phosphate, cal cium nagn@hieupregenssinventiodi proatideisr ancieddscudtuae

mtogen to stinul at h ' ch Lyl y ., and
am no acid supplg%g Phcgﬁgfﬁgﬁﬁékﬁ9§r3Pﬁ?hé?9ﬁ9%ygpgﬁﬁé%gﬁnggt3#?§g?gd’
gl yci ne, L-histi semur-frieeosedution inl deiprndzed- waseneof thet Kicddowdne
L- phenyl al ani ne, cnp@hledesl=t hreoni ne, L-tryptophan, L-tyrosine and
L-valine; and f) a vitam n suppl enent conprisjng one of re vitamns
sel ect ed fron1pantotheniéga§ﬁ§9°ﬁPoPFn? ggFPHPEQQEFS,"H?ggtgﬁaﬁﬁaéb&F
ni cotinic acid, bifbdeliag eonversednmetabalivcaBiyasd gluaose;Bl2; said
buffered. serumfree sol%5|gﬂoaqﬁbngraapgrggupggrrg?gghgiihg?n16.8 to 7.6.
_ : o ¢) an inorganic ion supplement comprising '

154 chloride, sulphate, phosphate, calcium, magnesium,

potassium, sodium and iron ions; ' ' '

d) a mitogen to stimulate the metabolic

activity of lymphocytes; and.

e) an amino acid supplement comprisihg
L-arginine, L-cysteine, L-glutamine, glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine,
L-methionine, L-phenylalanine, L-serine,L-threonine,
L-tryptophan, L-tyrosine and L-valine;

and _

f) a vitamin supplement comprising one or more
vitamins selected from pantothenic acid, biotin,
folinic acid, nicotinamide or nicotinic acid,
riboflavin, thiamin, vitamin'Bé and vitamin B12;

said buffered. serum-free solution having a pH
in the range of from €.8 to 7.6. - '

The culture medium of the invention is used to

culture lymphocytes. By carrying out assays for

lymphocytes after incubation, it is possible to

determine a broad survey of deficiencies or abnormal

requirements of nutrients, Sgg;;tivity'to nutrient

imbalances, sensitivity pdféé??é?%i{scts of nutrients,
. s N
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The cul ture nediumof the invention is used to culture |ynphocytes. By
carrying out assays for |ynphocytes after incubation, it i's possible to
deternine a broad survey of deficiencies or abnormal requirengnts of

nutri N sensitivity to nutrient inbalances, sensitivity to toic effects
of nu KI ts, drugs and a wi de variety of substances, and many

bi osynt‘heét i c capabilities for the individugl -fromwhen the |ynphocyte
sanpl e s taken. The present invention for the first tinme nmakes 5 it

possible to deternmine accurately the nutritional status and requirenents, -
the quantitati vérugedsnd od whde ndavieltpl ofosubatanéésctané manyi zati on of

putrition by the,dodbuhgUAl E80abey el et THBRT:ADT: hHRLEREL] SFrodNanbA" M

"nutrients" as USe nitrients necessary for growth,
normal functi onshentymehoetytei sample cwas Thakennutrients include vitanins,
am no acids (proteins),THé NeFésént CRAPORYL6AL LS EHE fipselstixﬁetﬁkeén

h h 15 | t
vedi U 10wy th PRI VEHtaFo e (T TRAES o BRRbRbh ERe AUHEL6RBEbd and! or
to which vari oustapssiohd reqpbremest i bh@omuantitawngeahqedaalof an
conponents, sucfy ‘fﬁviﬂ&m,s&aﬁh@@ @f‘ﬂ@gti\}-@euﬁi'ﬂ€£€§oﬁr€fhﬁ‘u¥§££fg and 't he

responses of t he é hocytes are 20 nmeasur ed en testing

for vitam n defB%i bridygabrean i b cdetorninedi and e%‘bb:h%%%nt?@le vitam n
to be tested ls'rmﬁémi thoteidwtsul dsireseddhereifresns twoPe used as a

ST 55 T al B Bble My  REHIANY For BebiRh | Ciobbl FRkELEDL abE. T 7
for Iynphocyt esnaaml:mme Lite gl yEierwe whitihiemlys bbne bude retitaminany
i ndi vi dual s ar eupf s &l 1a N LA 8 ) 2 B RPa PE a@amoﬁfa,dét@é and
concentrations mhl ch
iplds (fats). :
In short, lymphocytes are cultured in a serum-
15 free, buffered culture medium from which individual or
groups of components can be omitted and/or to which
various possible components of blood including abnormal
components, such as drugs, can be added. The cultures
are harvested and the responses of the lymphocytes are
20 measured.'_For example, when testing for vitamin
deficiencies or abnormalities in vitamin responses, the
vitamin to be tested is omitted from the culture
medium. One set to be used as a control contains all of
the vitamins. 1In testing for sensitivity to amino acid
25 imbalances, all of the thirteen amino acids which are
essential for lymphocytes and serine and glycine which
may be required by many individuals are present, and
each or a group of amino acids at concentrations which
are normally present in blood and at slightly higher
30 concentrations are tested for inhibitory effects. 1In
testing for carbohydrate utilization, glucose can be
omitted from the medium and the response to each of
many other carbohydrates (such as mannose and
galactose), can be determined. '
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~are normally present in blood and at slightly higher 30 concent&izifns

are tested for inhibitory effects. - In testing for carbohydrate

Gtilization, glucose can be onmtted fromthe nediumand the respo 1.0
each of- many ot her carbohydrates (such as mannose and gal act ose), can .be
det er m ned. - 5a - The culture nediumof the invention has a pH val-ue

within the range of from6.8 to 7.6, prejeg bly to 7.6. An antibiotic
suppkenent is also, preferably, added to aSsist in:-suppression of _
cont\aim nation by other 5 organi sns, and cal cium chl ori de and nagnesi um

sul fate sol utiongpefhipliSe Shéd fif S0e1s NYhEORE HoAMAS 4 il apgetéc acid

EDTA be inc| uded. Deionized er | ncluded to provide a fina
Volume and the CEIESTR HRR CARES oF TEORAS 1y Eoch. 81 IRRALRANLY (b A -

sterilization. Atheintibicotic supplendwgels alsc) preferadly pridiédato

byt ohermgg ut! s ToLg T SR A BE St iR il B 'omner o derail e
descri ptionSf tirsaniange aml pakeivmmhianideiand nagnessigwy sulfate forth
in the fol | owi ngsSASEIdmS | OFerboul B5ifNtd te R &d %E&ﬂéﬁ%dﬁﬁél of the
o o R At LT Rl op bl s 50 a0 d o Rl zea vater
sensitivity to tisiinefidesd stofprutiderd sCimkligso e an d:g:ie\//?n:ju;}gﬂltwrc?; e
_ 32?2& ?nn(r:\gz’ b?ngsn'{sg;d%uunfrgygr%pﬁéc% %%ﬂuﬁ%ﬁ%\rp{%ngﬁgsnlﬁo{}r e medi um so t hat
nutrition f a0 edtenidizatden. ZJfB'eﬁf' el gnatdoed a @ ifra@anle whimbovied a
heal th and produsijdstidneeltHdte dutBm e Mymynbdf el drowtdE QEdn Hs thi s
result, it is nes eesrzsiafé/ sto()J.uq:aivoen %f phytohemogglutinin (PHA), is added
to the culture medium.
A more detailed description of the culture
15 medium and methods of the assay are set forth in the
following description of presently-preferred
embodiments of the invention.
As previously mentioned, the deficiencies or
abnormal requirements of nutrients, sensitivity to
20 nutrient imbalance, sensitivity to toxiec effegts of
nutrients, drugs and a wide variety of substances, and
many biosynthetic capabilities for each individual can
be determined by assays for lymphocytes cultured in the
culture medium so that nutrition for each individual
25 can be optimized to provide improved health and
productivity of the human being.  In order to
accomplish this result, it is necessary tc have a
culture medium in which the components are adjusted to
‘minimal concentrations but at a level which will still
30 not limit the optihal response of the lymphocytes and
in which the components of the culture medium do not
have an adverse effect on the response of the
lymphocytes—=so—_




culture nmediumin which the conponents are adjusted-to m ni nmal

concentrations but at a level which will still 30 not Iim't the optimal
response of the |ynphocytes and in which the conponents of the culture
medi u not have an adverse effect on the response of the |ynphocytes.
- 5b - u5|ng the culture mediumfor certain types of tests, om ssions

are appropriately made fromthe conpletsy, nedi um of vitam ns, am' no aci ds,
and inorganic salts, etc., and the effect of the nutrient onitted is 5 -
determ ned. For exanple, the conplete vitanm n supplenent is onmitted from»
the culture nedi um when ﬁ@ﬁﬁg’ Nghé Ofu Vi reerined oumsl £or adéxt@in ofypesi t ani n

solution fromwyhich the v n to be teste ' added
i ndi vi dual |y ?gh beRte 1 ss%ﬁecﬁpﬂfép§%$$%&f§%#%§?}{%ﬁg%ﬁ%sed as a
control, contaomple&é méﬁiumtefhv&taninsgﬁami@pfani@man@n®cim0ra®®1@nces
however, all O# éﬁ am 1y; agh &Se ff &o t NGF USRS ﬁ@&fmléﬁfeeédoishl gh

concentratlons hatural 'y occurri'ng amno acid group of am no

aci ds, t® be QéteP@%%Q@d af er  exanple), ?h?n%ﬁﬂﬁﬁ?%ﬁrﬁﬁﬁ%¥$%d cul ture medium
for deternini Qa?ib@mmwm oﬁlﬂtﬁédlﬂﬂﬁh tmwwm Smé@:[ulhymi)éﬂcyt es

ncl udes the {9 gﬁ”nﬂ RS e ?é?n gﬁ%ﬁ ?*E%M?% nedlun1buffer

Sol utions Doubf®
used containssohutiomefrcm whdehlthd vmmaminkk@ehe(tn#teﬂ)naasbeeg sodi um .

Rydr oxi de, 1. I ot u y&Eogen

phosphat e, é@igt?d e%%lQﬁag€%d&%1£?.eﬁ?ﬁé?ﬁnﬁ?%f |2§ﬁ$lgggegfthrough

a 0.22 umo M Fribbi'éaf'?#te?'%bwl Ei?‘IbGE"al%W&t‘F%bf s¢@pegins all the 5
vitamins. In testing for amino acid imbalances, \.('

‘however, all of the 15 amino acids are included and
supplements of high concentrations of each naturally
‘occurring amino aeid, or a group of amino acids, to be

15 tested are included. | .

A presently preferred culture medium for
determining the optimal nutritional requirements for
lymphocytes includes the following components and is
prepared as follows: '

20 Solutions

Double Strength Medium Buffer - The double
strength medium buffer used contains per liter of
deionized water; Hepes (buffer), 23.8 g.; sodium
hydroxide, 1.28 g.; sodium chloride, 14.02 g.;

25 dipotassium hydrogen phosphate, 1.05 g.; and phenol
red,2.48 mg. This buffer is filtered through a C.22 um.
Millipore filter ("MILLIPORE" is.a registered
Trade Mark).

‘Medium Salts - The medium salts stock solution

30 used for washing and suspending the lymphocytes is-
prepared by diluting the double strength medium buffer
1:2 with deionized water. Glucose when used
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Trade Mark). Medium Salt.s - The nmedium salts stock solution 30 used for
washt ng and suspendi‘ng the | ynphocytes is prepared by diluting the double
strength medi um puffer 1:2 with deionized water. G ucose when used G-
as an optional conponent i's added to a final concentration of 4nM E\nH
is then adjusted to 7.6 with 4 N NaOH and thge_solution is filtered.

Suppl enents are added to a measured anmount of this stock solution giving a
finak concentration of 55.5 ng/l calciumchloride, 60.0 5 ng/ | magnesi um

sul fiate,. 0.693 a[f%buiaﬁixr @bl'ﬁp&lél-lf: ab cadaed Q. 37f3nitgééncEDH'thxo$h@f feM.ous
sul fate and EDTA

then refilterdd® P ‘Fe@F ‘? Es%ri]g‘@? ?‘é‘tdﬁ.u %Dg?ﬂ}i-rm?hg‘e %%‘ %lr Iua![gn 'S

m neral s are diitéredd Sagplembetsnent addshld o rrmasmdAamdm&upbltbwemock The
am no acid Su%mnﬁ{{)‘égéwﬂieg it aqt@dngﬁaéygnoge&‘ ksgeglg/lochggxm Lt Gad)i §&o S: 85

g. L-glutam ne Cl he L- | ’sol euci ne,
0.44 g. L5l eudbgld, ma.gns@mgn sulfawsﬁ 485 lw A sfegrous_sublae Ancn@-378 weds g

L- phenyl al ani igyt L. #he Fertous SR fab& an@- éDQA hrd E@&né@%ndoa&ﬁé ﬂagether.
L-tryptophan, | f, desired

0 r.osi ne, e.
gl ut ani ne can g@ gaa'g&lgaa SER 'e?gterﬁgfstléﬁ HSt 3°édﬁ@8'§e?&”§?@1 yttwl th
pyruvate, as thHéppuepridty mimbiraldt £ oMittadifroBuphe evediim -sallise vi tam n

suppl ement used ¢ e bl Otqi £ .
acid (cal cium sal ‘gg}'ti'?%r'lbci&)%ruphflebo [ namﬁg Lﬂgg‘o Ay a?g%n?%r%n %%ﬁt ot enat e,
6.15 ng. pOri dexiliter: 8. 2. ri@argminamsnss £3 Leglrgarr«m,a‘?rizﬁ B1glycwgd 3. 75 ny.
riboflavin. ZQ: 23 g. IARidRIiM, | @15 pLﬁga@hcmeT*oma t ithidicire, suwlgen@nt used

cent ai ns per |ter 10, 000, 600 icillin Q00 treptonycin
and 25, 000 [ er¥§inemPiidtr Fcﬁ“ﬁﬂBmPFﬁharo?aﬁé L’Fé!fé‘ﬁ%i?’&“%u%"% %‘dESaI i nen?/
The phosphat e setihéecosd gsaJ-tmoﬁmleutOLm goLt-atypsoghan, [0L063r g. L-1ymgsinkaCl , -

2lr e 25 Leard ;60g indO01f Besib & the giydliflnd W alifk Qéﬁﬂi'ié‘igt Medi um

Apresently p i life rum sul etermnin i mal
nutritionab r&lysteirerdstasided sepyrapelycyit@spyravahee psr aubseqrensly| mﬁseate .

Vitamin Supplement - The vitamin supplement used contains per
liter: 0.735 mg. biotin, 0.602 mg. folinic acid {calcium salt), C.61 g.
nicotinamide,' 23.8 mg. calcium pantothenate, 6.15 mg. pyridoxine,
33.7 mg. thiamin, 13.6 mg. vitamin BIZ’ and 3.75 mg. ritoflavin.
20 Antibiotic Supplement - The antibiotic supplement used contains
per liter: 10,000,000 IU penicillin, 10,000,000 ug. streptomycin and
25,060 pg. amphotericin B (Fungizone).
Phosphate Buffered Saline - The phosphate buffered saline solution
e contains per liter: 7.1 g. NaCl, 2.17 g.
25 Na;zl-iPO4.7H20, 200 mg. KH PO4 ; and 200 mg. KCl

2
Culture Medium

A presently-preferred culture medium suitable for determining the
optimal nutritional requirements for lymphocytes is prepared as foilows:
To 50 ml. of medium buffer is added 72 mg. glucose, 1 ml. amino acid
30 supplement, 3 ml. of a 5.5. mg/ml‘pyruvate-O.BB mg/ml cysteine
solution, 1 ml. of a 1.4 mg/ml choline chloride-1.8 mg/m! inositol
solution, 1 ml. of the above indicated vitamin supplement, and 1 ml. of
a 135 pg/ml adenine solution. The pH is adjusted with dilute NaOH to

7.6. Supplements of the follcwmg hen addea 1 ml. of the
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hydrochlor|dephy@paegagglutin (PHA)Gis addeyd. to each 100 ml. of
10 media. PHA is obtained from Sigma Chemical Co.in 5 mg.

quantities and is diluted with sterile, deionized

water.

Accordingly, a presently preferred culture

medium suitable for determinining the optimal

15 ‘nutritional requirements for lymphocytes comprises a
serum-free;buffered (pH 7.6) solution in deionized

water containing the following per liter of solution:

4



L G ut am ne 58.5 ny

2.5 : my. L-Histidine hydrochl oride hydrate

k- i sol euci ne , 1.3 ny.

4.4 -ng. L-Lysine hydrochloride : :

L- Met hi oni ne . -8 - 1.5 ngy

0.825 ngy. L-Serine .

L- Theoni ne 4.0 ny L- Tryprophan
0.34_ ng. L-Tyrosine ' TABLE | 0.63 nmg.

.L-Val i ne - 3.9 ng. Vitamns Biotin
7.35 jig. FolGarbehydeat® (cal ci um salt) 6.02 pg. -

Ni coti nam de Glucose 720 mg. . 6.1 ng. Pantothenic acid
(hem cal cium salt) 0.238 ng., (238 [err]) Pyridoxine

hydr ochl ori de Amiro Acids 61.5 [err] Thiam n chloride

hydrochl ori de ©~ L-Arginine hydrochléi@87 ngy., (337 [err]) Vit ami n BE12

136 d bof |
37. Sp?erEFy e R O Wl Dol avin  aes

mg.
....... alts (I norgam&)‘;Calm um chl ori de

111 my. Maghe@luiaming f at e 120

D pot assi um hydrog isdrosphat e 525 ng. Sodi Zuh hydmpu de

Sﬁ?f at e hep?ghycsj?glrlg{gt%ule E’lygrochlo?df8hydra% 72.91 . Ferrous
L-isoleucine ' 1.3 mg.

W, L-Leucine _ 4.4 mg.
L-Lysine hydrochloride . i2.2 mg.
L-Methionine ' | 1.5 mg.
L-Phenylalanine ' 0.825 mg.
L-Serine | 3.5 ' mg.
L-Threonine : - 40 mg.
L-Tryptophan 0.34 mg.
L-Tyiosine ' 0.63 mg.
L-Valine _ - 3.9 mg.
Vitamins

Biotin 735 y8.

o Folinic acid (calcium salt) . 6.02 pg.

| Nicotinamide . 6.1  mg.
Pantothenic acid (hemicalcium salt) 0.238 mg.,

. | (238 pe.)
Pyridoxine hydrochloride 61.5 pe.
Thiamin chloride hydrochloride ' 0.337 mg.,
(337 ug)

Vitamin B 12 136 pg. -
(Hydroxocobalamin nydrochlonde)

Riboflavin

. <
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with 1.49.ng. EDTA (Ethylene diamne tetraacetic acid, disodiumsalt) O her

Conponent.s~| nosi t ol 18 ng. Hepes Buffer 11.9 g.

Chol i neri de 14 ng. Phenol red 1.24 ng. Sodi um pyruvate .
165 \nNy// Anti biotic solution: Adenine o - 1.35 ny.

100, 000N W penicillin, 100,000 pg. st rept®mcin 250 [err] anphotericin B

(Fungi zone) M togen Phytohemaggl utinin (PHA) 2.0 ny. -10- As
previ ously mentioned and as set fortE éaéer herei,n, in the culture medium,
of Table 1, glucose can be repl aced ) =whi ch can produce 7

gl ucose as a netabolic product, ferrous sulfate can be replaced by
transferrin, ferid f.iQ0S ot be used effectively by 5  thensel ves,
except with transslfe?rqfﬁ?rg%gi??ne can be omtted under certain conditions in
making certain tests, and in well nourished individuals only pantothenic
acid stores are inadegyahm thloridae activation and inithal celldivisions of
| ynphocytes. The conmponents of the culture nmediumof Table | cah be 10
varied. In general, &fsgnesiugtsylfattis of the conponeni® are us®B-and can
vary widely for the \Dipbtassiumlhydiogenaphosgieays and fors2sndi vi dyag, patients.
An effective anount ac onent, as used herein, i n anmount which wl|
obtain a desired resg(?ﬂ%ué" ;H}gfﬁ’?ﬂee patient. Preferabl V" the amftft of the
conponent shoul d not Sodium shbwidentially bel ow the 15 do%8lresgonse curve
of the particular co t t i . For nost pajhgnts d assays
the foll ow ng ranges%}fﬁgﬁ%ﬁgﬁéﬁ%ﬁ% sfactory. Thgé'zgeci g%?armunt s of
the conponents to prqgiki@erd) diamine tetraacetic acid, : _
disodium salt) _ ool

Other Components

Inositol | ' 18 mg. _Hépes Buffer 11.9 g.
Choline chloride 14 mg. Phenol red 1.24 mg.
Sodium pyruvate 165 mg. Antibiotic solution:
Adenine 1.35 mg. 100,000 IU
penicillin,
100,000 pg.
streptomycin
250 pg.
amphotericin B
(Fungizone) .
Mitogen

Phytohemaggiutinin (PHA) 2.0 mg.



effective response can be determ ned by sinple experinentation with the
culture nmedium 20 "ducose. - In Table I is indicated the preferred nedia
level of glucose.for routine testing, i.e. 720 ng/l. Routine testing \be
done with glucose concentration as high as 7200 ng or 7.2 g/l. and a

as 72 nmg/l. However, for carbohydrate replacenent tests the levels fr
approximately 8 to 72 ng/l are the nost o al for 25 determ ning the

abi ity of cells to utilize glucose relative to other carbohydrates or to

t estsJdor substances i ch spare the .anmpunt .of glu d . Amj no aci ds.
- The preferred | eve\INg_\soP'eé(Eq"ﬁ@Q&n&gn%#émFia"sst ge ?(?ﬁﬁalgf"egr ﬁgrfeg}a‘\rqrnouti ne
testing; howevere, ciltusl mediun hd ZFablad, gluchseacan bacieplased B0a substansesane

anount relativ e Al 00S o RG dyi b el cfat a can
be.obt ai ned w FhcAESr pRAREHIALECRS 2 IR pidtuce feipdus Yifecs caat 2 e
i ncrease in t hbe gepieeed byt t1apsferrip, Berricojars ¢ampphibe; wiedoebferavely Weconme
apparent afd atheffiefs,f 0kébpti withDirbhs¥ordd, $QHROBSE by oRitisd wndetlepradt| udes
useful routine tests. The gpount of the am nq aci,ds 35 .'can callectively be
decreased si ghtIRMEMF it "lﬁjéﬂt?"bé?ﬁﬁ’eaﬂ‘gd?e% &%gfrb?ﬂaﬂ?g‘"g‘bﬁﬁentration
of that indicatrg fantdrhenic hcidnstors are Gnallequatef farhthe hetivdtiemdndtinitial
provi de usef ul . iinfQ: | Qp. rmnation of amno acid requirenents,

t he dose respo‘r:léé}g d%%gaﬁp-lﬁé%{l?éﬁggesponse woul d, usual ly be in the

approxi mate range of (Fhe eempenents of fbareulfyret Bdium ©hcTabdp|lecft OB sone in

the range 10f &efld. t IRt aFfRefve imounts Yfethel BompPsnchidlage Jsed drdist of

i mbal ance, the am no ac¢|ds have been added at high levels, far.exanple 6-10
t hwes hi gher t Fdh VT Frf eq}ﬁltgf)(f?‘?e‘{?’éi°“§ Rutiihiopa P%ay? é’§‘§| €°§. '"@f‘i"g‘fﬁ?ns
Pant ot heni ¢ acpatientd.hi Ani effédréveoampumi béind romipboénti, asatsed| herein; ssaent i al -

10 for routin t Of. + Lngdi Vi | S end38S e s0e. ol ardgfiyth
as little as a %h olﬁggihmghlgri[)og)t&%!htﬁe&gﬁggnﬁz"ﬁéf gﬁgﬁxn%ﬁ'tegft antgil ifﬁe v .
_upper linit isthgpamopa of tthescamepeneny ishodderetafall subetantially delaw kel evel s.
- Dose-r espofysesqaugi féa?&wé ESRETdratte LRI AchRPoRdhtY Biryiddpitiend. evel s and
. being at about lonﬁ)g | of rredlgm Cpsil mal riesigons;eaocc rs 15 wel | bel ow
" the level IistEeF mesyAstients and aspays; e LHQVING, Tapees of apapngRts ate
; satisfactory. The précise amounts of the components to provide an

effective response can be determined by simple experimentation with the

culture medium,

20 Giucose. - In Table I is indicated the preferred media level

of glucose for routine testing, i.e. 720 mg/l. Routine testing can be

done with glucose concentration as high as 7200 mg or 7.2 g/l. and

as low as 72 mg/l. However, {or carbohydrate replacement tests the
s levels from approximately 8 to 72 mg/l are the most useful for

25 'detetmining the'ability of cells to utilize glucose relative to other

carbohydrates or to test for substances which spare the amount of

glucose needed.

Amino acids. - The preferred levels of amino acids are listed 'in Table

I for routine testing; however, if all of the aminc acids are increased

_ 30 in the same amount relative to the concentrations indicated in Table I,
useful data can be obtained with no significant decrease in response with
a 20 fold increase in the concentrations. At 40 fold, inhibition begins to
become apparent and at 60-80 fold, inhib '

acids precludes useful routine tests.
35 can collectively be decreased slightly 2

below the concentration of that indicals



Ri boflavin. - The response of |ynphocytes to riboflavin begins to occur
signif 4cantly at a concentration of 0.001 tines that indicated in Table 1,

and ng | response, which varies for different deficient individuals,
occur § pet ween 0._003 and 0.1 tines thdilevel indicated in Table 1. The-20
| evel Table | is used to obtain sone indication of abnornal

requi renments, but useful tests in the range of 0.01 to 0.1 tines the |evel
of Table | aioé thiat devedchnd\stititprovide wrefulbBdarmerdendt oFen AetemitgRiRR of i nit

for t OX: gl/;?/ agy H# C?Icid %&u:gierg&tg“ Re *Hogé%epd%@é | 13k Chad€inthximall HesgoRvest Lf"

usef ul ni ¢ acl e ect responses.is i,n the range of.
0.03 to 0.1 twoukd usuadly bedn Fhﬁj%&@éﬂ"%w Wegf? 0.3 Gimes,the, amoupt, 3h. ch

??rerg'sngsoﬁmiﬁfs@ﬁ 10 [tHE I DI RbieH (‘seﬂi\éefrﬁltm rhl?gé i of 10.08) tHBTmbeh aasouh® to 20

ol Lni¢c aci or e n Ver
high 1ev8l s dStedin the 'lgféﬂ?‘itm%?fdt?% it g%af‘ﬁ%' &espon}éger% 5% ﬁ{{% ﬁ% -yThe
| evel of bi otaddedvai Cliigh devetsjutoreexdropleaé+1ds poreschighes than aermal |b;/°q5‘e| ow t he -

| evel i ndi ca ed,in ndi vi dual s showi ng a-biotin inadequacy, a
si gni fi cant %§68ns-£?§'lsgfdelvreﬁsmt%f 0.01 to 0.03 tines that indicated in

Tabl e | can DB&tabingi ned but hi gher | evel s are needed to detect . -abnor mal
requir erTen'lt S Pth:ﬁhHrﬁ@eicﬂi LMIW kEe ALY Qitakiiv albichiighabsolutelyl@ssendiak ani n

[err]. - In-patTents WLt f f Vit
can be oBPai fed 'SP“!‘%\FQ?%“%Pfa'gSIfHC L"ffﬂé"“ﬁﬁ’ \C/)hfgﬁ%eé %‘E ]cbae? éﬁtagll]r%{uﬁ,?&onses
Table 1, excegtlimtemns a;]io)ar:ldie—amditée*thsehe amdust:disted dal Taklier, anticthe

conditions at_ | east Ogd e i [ e 5 | f :
t he basal nmedPBf l<'§1r\'/'é Be n%ufs&etd %héei&% gy:x\l% ?éve v‘\’gﬂf gfh;}?ﬂg??é be juch o\

hi gher. Vit arfevel®12DoseArespangesowhighiaseoimpoient pEs dyorryinguithed to
test all posqg‘ml@ aaarw.ﬁg %sabdﬂtcm hEﬁnbﬁ%edTﬁkhamﬁﬁmalTﬂeepdrﬂmcmdursas of

t hese have not n dete R f

i ndi vi dudPs t“I‘Fi'E!l Ib&Wé“f tﬁ%\}svelt'{sstgad% 0?‘8af;6ﬂ§ ! iﬂxbmh e‘{%l qg yef *lq’{]%e range
of 0.01 to 0.1%Bofi heih. Of ‘ThelrespbnsSalft lyn@hocyues whiribefldein begm-%léer@&yéd
response is Osxigrﬁh@g;[ tatCa ]concenttauon of 0.001 times that indicated in Table

1, and maximal response, which varies for different deficient individuals,

occurs between 0.003 and 0.1 times the level indicated in Table L. The
20 level in Table 1 is used to obtain some indication of abnormal

requirements, but useful tests in the range of 0.01 to 0.1 times the level

of Table I are obtained. No attempt has been made to find an upper

limit for toxicity, but it would be much higher.

Folinic acid. - The lowest useful level of folinic acid to detect

25 r1esponses is in the range of 0.03 to 0.1 times the level indicated in “
Table I, but in tests in which adenine or serine-glycine interconversion -
is limiting as much as 10 to 20 times as much folinic acid may be
requited for an optimal response. Very high levels of {olinic acid tend
to reduce the response. A

30 Biotin. - The lavel of biotin which is tequxred for a response is-
substantially below the level indicated in Table I. In individuals showing
a biotin inadequacy, a significant response at levels of 0.01 to 0.03 times
that indicated. in Table I can be obtained but higher levels are needed to
detect abnormal requirements. The upper limit would be relatively high.



15 of the level in Table + (i.e., 11.1 ng/l); a near optimal response is

obtained at 55.5 [err]; and for nost individuals opti mal responses .
still obtained at 222 [err] with some actually requiring this highe nt
ed

for an -optimal response. At 333 ng/| a decfgase in response was obt _
with one of four individual tested. Calciuffchloride can be 20 increased
about 3 fold of that in Table 1 without significant inhibition of the

response in ' vi duaj, L, ) 1ebs Wk 60, qelLsjjrent al
ciraats voul o Seaalihg ook pftbhs 08 4RI OR e BB T St ot

Lower |inmit .i gespaoses gan ber obtaingdegttevals P @ufr 0.9% 10 Opf tde infipdseq he

| evel indi cat Qfinduhr TiabTHbIE, 1 Q-:r‘(cgﬁ@“‘mré lelydias napit ssmatk searashuldgsr and
up to 5 fold of, .t L. I cant, of the

no s
response. Fer rgtish s‘i?l"?i'éi"é’sl‘laépte&ﬁﬁ/gia‘i%%% ?Weétﬂ?y&é'ﬁéoatsafﬁ“h‘ﬁ"ﬁ%df’a Pate. -
The | ower sl i mit fovacheObdsabfmédiain haei bedredseda Tii® eodicileveleweunldl agatlilent s,
30 wth one &a}ﬂ Qﬁ ) gé_}od response at 0.05 times that shown in Table I.
Up to three tinmes the FEeVel ‘shown in Table | has been used successful ly,
and ten times YiEgMin Be, suiks aprae pEiG} dot YLeF mig/Morld Regeauireddor kst
Transferrin cgm ?gggmgecotnaﬁ,&grrous sul fate, and 0 3 ng/l is the lower 35

limt with sli redu r espo showed opti mal

r esponses. Thﬁﬁﬂﬂéﬂ%ﬂ& nﬁlﬁ lt?fpﬁ’e{éesnﬁft rf“'ﬁﬁt'@r’m ned. - 13-

Sodi um chlior i deen-detbenined clentamupper hfmsodnudefo;dnbm iimtividsals rihei lbsler Even

25% i ncr ease r ed t.

Di pot assi um h%rggténg?qr%]gsapﬂ&tjg%esh%ﬂzg &F@t #’%c?ezyge %?!é[age nﬁot@s
ceunts from 11180@4"("?@350 whi ch can provide a satisfactory testing

result; howevegpieswhen increased 10 fol d of that |n TabI e |, there was an

[ nsufficient Wl umlgyaiF oqu 3 g’ : fflg)l ent anmounts to
adj ust the pH e\ erqspgqﬁ pﬁ 8" tg‘l et 7.6. 10 _
Q her Comeénertfsthentesel il TableAl ddegenl.tahpll afndrOd@imel hespouss imbout 70%
of maxi mal obtained at 55.5 mg/l; and for most individuals optimal responses are
still obtained at 222 mg/i with some actually fequiring this higher
amount for an optimal responsc. At 333 mg/l a decresse in TESpONSe was
obtained with one of four individual tested. Calcium chloride can be
20  increased about 3 fold of that in Table I withour significant
' inhibition of the response in many individual tests. The upper level
at which detrimental effects would be a factor are not too much
higher. | o

Magnesium sulfate. - Lower limit is about 0.1 of the leve! in Tabie I.

N 25 Three times the level indicated in 'fable I, or 360 mg./l. has been used
successfully, and up to 5 fold of that in Table I results in no
significant inhibition of the response.

Ferrous sulfate heptahydrate with ethylenediamine heptahydrate. - The

lower limit was 0.1 of that indicated in Table I in several patients,
30  with one having a good response at 0.05 times that shown in Table I

Up to three times the level shown in Table I has been used

successfully, and ten times might be suitable before toxicity would

negate the test.

Transferrin can replace the ferrous sulfate, and 0.3 mg/l is the lower
35 limit with slightly feduced response; up to 30 mg/l showed'optirhal

respenses. The upper limit for toxicity has not been determined.



")
response, -and 0.18 ng/l gives 90-100% of mexi mal response. 72 ng/l also
gi ves maxi mal response, thus toxicity would not occur except at very high:

conce tions. Since inositol is merely stinmulatory, 15 om,tting it
usual Ky uses only a nodest decline in response. |n one group of

I ndi vi s, decreased responses up +d356% occurred, but no decrease was
observed with the |ynphocytes of some individuals. Chollne - A

concentration of 0.014 ng/l is i.nadequatge; vides, aI r‘iDSt a 3
maxi mal respSodiam whbbmtmcenfrham@ﬁsmdﬁ“ﬂ?néPfrr&?q‘“‘Poc'ﬁB“aﬁ s RFiGgln i de S

optinmal res p%&gsszsw mra&esbg Rieb } 288t canOlé Gignifitairly et tipmphaicyd ebe of nost
I ndi vi dual s ruvate. - A suitable range is fromabout 56 ng/l to about

495 ng/l; 16.t88%y/| is |nadequate 1650 ng/l is toxic. Adenine. - 13.5 ng/l

i s satisfact qijperdasiuml Bpdisgéh ;ﬁabmté.ommt«y folEincreasy Héareaseads the

appr oxi mat el T%Tr__lfT of. b pr W nge is
from1 ng to Oy ea 4 g §r éﬁ{so waigh %L FVAry awsaﬁsﬁﬁ*&’?gdﬁgﬁgg tes of
i ndi vi dual paeidnt boweverj svheosiscidaged olooﬁ@lﬂ efnthass in Tablg Lathiese irely,

except pantothe bk b gxanpl e, nicotinam de can be omtted vvithout
30 S|gn|f|caa|r?1'tP{y E?‘? fegion

a ectlngthere ponse..of a |ar unb
Thus, such a Sediimhydsoxide.ces i)@l}eﬁﬁ’?hﬂff“ 3P iﬁfe?ﬁfé’“ khé;%trl#g am no
aci d, such ashargediufe which &aﬁrﬁﬁ Fragn quip 608 tanzbomtatibds, can be i ncreased

to h| gh Iﬁv S Wi t out03| nificantly affecting the test for a | ar ge
proport| M—ﬂ%em nimal nmedium. as set 35 forth in Tab{e I,
has proved ndabsisnlccesafeincentmsiogesf 6016, weflogyes jabeyt (708 el wmaxiBal ani no
aci ds inidi cafg ,g%nfsgr ha DR SR/ (i%s Mo@%l of maxdfal Tagonisé.S 72 deffini t e

M ni mum require for eac amno acid f ngtl?% es cultureg i.n the
mi ni mal nedi WO EBIVEspaximal ﬂﬂsem}st‘P“sa%"’ﬂEitV waulgh RO BRE FXGHP ﬁepends on
the conpositiyipy Q{’gﬁ Q@n&&dmﬁ%ﬁ‘sL NSinde inositbk i¢ ymexiehc stieulaopynse i s
frequently the yesu rati o of, con a anga finite
concent r di orP'B’meérfﬁo‘P‘Fé‘ﬁﬁg capes, oply g ‘?'ggéﬁta&éc?&% 4 E%%Exrllgté; o snE and
varies wth dodef graapt obdindividuals, decreased responses up to 50% occurted but no
decrease was observed with the lymphocytes of some individuals.
Choline. - A concentration of 0.014 mg/l is inadequaté; 0.14 mg/! provides

almost a maximal response; and concentrations of 1.4 mg/l to 56 mg.

20 provide optimal responseé with no sighificant toxicity for the
lymphocytes of -most individuals. _'
Pyruvate. - A suitable range is from about' 56 mg/l to about
495 mg/l; 16.5 mg/l is inadequate; 1650 mg/l is toxic.
Adenine. - 13.5 mg/ is satisfactory, but 135 mg/l shows toxicity.

25 Low limit is apptoxirﬁately 0.1 times the level of Table I
PHA. - A suitable range is from 1 mg to 20 mg per liter, but the limits
vary with the lymphocytes of individual patients. '

It is possible to omit one of the vit'ami_ns_' entirely, except
pantothehic acid; for example, nicotinamide can be omitted without:

30 significantly affecting the response of a large number of patients.
Thus, such a medium is successful except for rare patit_enté.

A single amino acid, such as arginine, or a small group of amino
acids, can be increased to high leveis without signi[icéntiy affecting ihe
test for a large proportion of patients. “The minimal medium, as set

35 forth in Table I, has proved most successful in ranges of 0.3 tc 3 times
the level of amino acids inidicated for the basal test inedium.



as does the mnimumrequirenent. 10 Enough m togen shoul d be
present to provide maxi mum stinul ationfor the nunber of cells beL;g
tsest ed, enough buffer should be present to nmaintain the pH fromAbpds
to 7.6,- phenol red nay be used as a pHindicator if one is requ
antibiotic, if 15 required, should be used in an anmount suffiGe to.
suppress contam nation of the culture ngdi m The foregoi ng anounts and
ranges provide effective functioning for the respective conponents of the
cul twre nedium 20 Separation of Lynphocytes The |ynphocytes nmay be

fselo?r at ed from bl ood isamp%,e% ig -ﬁndeplfﬁ#gq?mﬁn@ﬁei@dﬁﬁdemt Sf?r.The ' ood
ollowing is an exanple o ow i he ocytes c e separate rom pl oo
25 B BOOh CBPROAErE RO | LIRBHoSHE S5 craT wired ol Chedm haga by 000
Vacutainerhtubeﬁe?ndmk@ptT@?léoDn1temysrnimde dorwell | asgetie tinppe 80 ]
m nutes. The sa e re . dilu 2. 4 W S | ne. The
di l uted bl ood ( W.é)g?%e'géﬁ eéﬁ?‘f%el%?/%?m%%&)g{% ‘gprar‘tfr.?e %ééf%f%%paque
(Ficoll andl sodthen Hymphooyte crespprsedi dbfeeaeentkynnss greseni cal Co.)

contai ned in apgEoRriat fo t 8PeSonduREE Yt bR £a OR8% TLE4IIAL | Ofh e 2000 rpmin
an | EC cli ni cal centrlfuge sqg?rates the erythrocytes fromgthe | ynphocytes,
the latter remafAPRERREatien of |egmponentyn” JFRifcli R (pHitle.©f This | ayer

contai ns prinarmbyuaynpiroggérissms and lvi@riedhei tly npifilerterst et bxttact ed
o e | oes b8, 00e8 64 FUERIE oflifbigs,  Aoor o TRl 0525 1 of
cont ai ni ngl@bout 6 mi-. Browgh mikegenashauldrbetmresenprivprar@eldsl ution
- . maximum stimulation for the number of cells being

tested, enough buffer should be present to maintain the

pH from about 6.8 to 7.6, phenol red may be used as a

pH indicator if one is required, and antibiotie, if

15 required, should be used in an amount sufficient to
suppress contamination of the culture medium.
The foregoing amounts and ranges provide

effective functipning for the respective components of

the culture medium.
20 Separation of Lymphocytes
The lymphocytes may be separated from blood

samples in any desired and preferred manner. The

. following is an example of how the lymphocytes can be

~ separated from blood.

25 Blood samples are ccollected in sterile,
heparinized, 10 ml. Vacutainer tubes and kept at room
temperature for no longer than 30 minutes. The samples
are diluted 1:2.4 with phosphate buffered saline. The
diluted blood (8 ml.) is carefully layered onto 3 ml.

30 of Histopaque (Ficoll and sodium diatrizoate compound
obtained from Sigma Chemical Co.) contained in
appropriate tubes. Twenty'minute centrifugation at 2000
rpm in an IEC clinical centrifuge separates the
erythrocytes from the lymphocytes, the latter remaining

35 in a layer on top of the Histopaque. This layer '

contains primarily lymphocytes.



(Cenerally, 6 Hi stopaque tubes are required for 20 m .. blood, and the

| ynmphocytes. fromthese tubes are placed in 4 Corning tubes) The

centri fugestubes are then inverted several tines to aid in washing the
cells ‘,9 er which they are centrifuged at 1700 rpmfor 10 minutes. The

superngtaary is discarded and the cells in each tube are resuspended in.

-15- apprOximately 1 m. of nediumsalts y ing gentle aspiration with a
sterile Pasteur pipette. The contents of I~ four tubes are conbined into.
one tube, the remaining three tubes are rlnsed with nediumsalts 5 andbf

the rinse is transferrggleby :HS@@& QésP@ﬁé%‘fctﬁé@@éaeﬁ'@mthﬁdVﬁEQQCyte
suspensi on. The tube contf g Hng{uoczt esAl S in er% g ﬁvg gl tines,
then centrifudge¥inag 3%ept ¥reup PEREEESS andAPREC §%}b% faY ant

di scarded. 10 ml.of extraérhedlyymﬁmwmqmeﬁetplscecﬁesﬂapwdw in3m. of

o Sy ok AEnd PIEl e L4 HEPLELRE Y udlE Sontas Alfg THOGPUEIRE .| " 2

Coul ter Counte suspension IS
| sot on (Re@§i stef ctediumesabbk) on @1“?#%154?2"@014%@ selweier.15 and 1

drop of Zapogl P@éﬁe&@l‘}t% i 30698 ﬁésmbe;AaQsl M réé gofegeszhfr ed

Trade Mark) is added to ihe ce ggﬁo SO t{ja%’ t he nuci gan be

counted. The s®QR¢ on2P¢ é’éﬁt 3!/”%9\???’%?15 BotfeRd tHPeR #rheRidfe

Coul t er Count ein - BaSernbing t teb€9) . - aliee agentfifige t tuees valreieshehhe

| ymphocyt e SO'%‘ﬁwﬁéé SL i ef Enﬁngs C%%‘Pﬁﬁ fﬁ'xS’st?I g mlliop gells per
S and recoun

m. wth nmedi um sa usp en5|on|sth
used to i ndéulafter H@ia@satyheyrwqrmmiﬁ%se art bb7@%01'meﬁ°\’rb% bl ood 25

according to Gi{Witd®! hofise i Supéfnidnt fOrdL¥SEPAEd 4RE PheOge DDS ai ped -

fromth rson n render
om the test é)e Sotut(::éjl arl'oee reesgs?peegded in

©



non-coagul ating in the ysual manner, for exanple, by adding an

anti.- coagul ant such-as heparin, and subsequently the |ynphocytes are
recovered therefromby 30 known nethods, for exanple, by introducing the
bl ood sanple into a colum charged with glass beads. Adherent cell dhere
to the beads. The |ynphocytes can be recovered fromthe eluate b adi ent
centrifugation. - Alteratively, an adsorption of 35 adherent cell gl ass
beads may be di spensed with so that gradléﬁt'bentrlfugatlon can be directly

oyed. - 15a - Further surtable processes for obtaining Iynphocytes

are descri bed, by wa he follomn ference Johnson,
GJ. and Russel %P é& glmggéuglgg%) ﬁﬁﬁﬂﬁ %l Scand. J.
cdin, 5 Lab. Iampéslati&rppiith?i (s]:%ﬁ)le Gapdelue pdpetiel. Thevent hal ,

P.G, Hersh, E g onttdtd & Irﬂu%lu%’)ﬁu%gé al?@ é@%@é@ @%@%newa%%y

J.J., Sharke ournal I'mrunol o of’ the
| ynmphocyt es, thie Fepaipndng Pﬁ@eeo Fﬁeér&n€1ﬂ§ﬁﬂfﬁé& bFeéﬁémoﬁaﬂﬁé above

net hods, nhy beadid' hed riigsan ﬁprtrr@ﬁrslfewed byl@rea@@negntpaatiecar and this
suspension is th iied to..no uIa e the culture . nediu ghﬁeﬁnghocyte Assay

In general, theP 3§§ & & e L YRRBOGYAE: RYSPRESEI -ur with
the test Iynphocpmaainimzuwaw Agymphecytesuliat davertiedr éevesdadmt imasvest i ng

he I noubat od ¢yl GenstthERRS Wl 1900NepC TR0, miiGlheds o6l byl | on and

initiation of gr cytes llow ng 1s an exanple of a

presently prefeﬁP@@’PﬁﬁBWGc}@ediscarded-.
The lymphocyte pellet is resuspended in 3 ml

LJ ' of medium salts in the manner just described. The
cells are now counted in a Coulter Counter as follows:
20 ul. of the suspension is added to 10 ml. of Isoton
(Registered Trade Mark) in a plastic Coulter Acuvette
15 and 1 drop of Zapoglobin (Coulter Diagnostics -
"ZAPOGLOBIN" is a registered Trade Mark) is added to
lyse the cell membranes so that the nuclei can be
counted. The solution is gently swirled and counted
three times on the Coulter Counter. Based on the
20 average of the three values, the lymphocyte solution is
diluted to a concentration of 3 million cells per ml.
with medium salts and recounted. This lymphocyte
- ' suspension is then used to inoculate the assay.
The lymphocytes can be isolated from blood
- 25 according to other methods in the art. For example,
the blood obtained from the test person can be rendered
non-coagulating in the usual manner, for example, by
adding an anti-coagulant such as heparin, and
subsequently the lymphocytes are recovered therefrom by
30 known methods, for example, by introducing the blood
' sample into a column charged with glass beads.
Adherent cells adhere to the beads. The lymphocytes
can be recovered from the;_;
centrifugation. Alter
35 adherent cells on gla Fmay be’dispensed with so
that gradient oentrifdggtipn uaﬂWBe direotly employed

‘ ale by gradient
‘”31 g an- adsorption of




assay. 10 Previously sterilized (by ethyl ene oxide) 12 x 75 mm
pol ystyrene tubes with caps (Scientific Products) are used in this assay
ne mlliliter of the culture mediumis added to each tube.
Sgary, variable supplenents up to 30 [err] may be added to each
3 al | er vol unme -of an appropriately higher 15 concentration of
t he medi dn€an be added to the tubes aundisgppl enents then added to nake a
final volune of 1 m. The assay is then inoculated wht 50 [err] of the
di luted | ynphocyte suspension (150,000 |ynphocytes). Incubation - The A

cuiture tubes are pl acgdrthest suiktadlespeekced8esr foks odtd limiaghat ed for 4

days at 370C in_a 5% carbon_ di gxi.de .atnosphe r.ate j t vapor.
On the fourth 3X?P?ﬁéy%sﬁ‘eafgngéég?‘éng% g?eggiyfl%tgu?%% %VJ\‘/\gt’e:i Wgt Perfor

pul sing with 0fdllewihgCreferengss :ofohasep,t Bydi-demd Jiviss®lhad -2 -specific
~activity of 30Q 1 >&/ |.e348hg 1965HUr 83 yame ahen Scepldacerd iolithe

i ncubator for ggE69%3g§g,E§§rs3b§f?gg E)F% sgih t ak s pl ac .1CIhe$htines

bef ore har¥est LAY -cARVBBtusSYPPL g 775 ( 39.,;WPPﬁe 395 ?rg;ﬂTS relative

to cont rols. Hakéashalg P-.Glhe Hewishyr & Mar,e Joarnadt dtmunod dgyl 11i0dar e
sanpling manifold usi;n . i L JPaper WA aRY: pa 30
filtering out RBClg??*gggdgﬁg$ﬁ2’c§%%ﬁ§yé-92#Evgg%%?g%?ﬁhgqfuggﬁ¥q%ﬁé t ubes
are placed on Izeuardogybd@§uedpl.y I§tc8Q0K1978R -a Vortex mixer. The filter
papers, once positioned;jabe ¥hieSisaphodiytles]/ Fhilchemaivie peesphate buffered
saline which is used throughout the harvest-. TQﬁSfirst 12 tgpgﬁ ar e again
mxed on th@ vebtaingdxand PHEITHEd By S8€ 8f, th§ AOQVE AGHEOS e " ine
sol ution. Theyber dijagedntoakny appuropdiatet he 12 filters of the sanpling =
mani fol d. Each tube is washed twice with the saline solution and the

washes are al so poured on the filters. 17 - Then approximately 5 m . "of
the saline solution is poured on each filter for the final wash. This
procedure is repeated, 12 tubes at a time, for the remainder of the assay.
The filter papers are dried for 5 mnutes in a drying oven




‘5 at [err] and then placed in counting vials containing 10 mi. of a

t ol uene-PPO scintil{ation cocktail (20 g. PPO per 4 1 toluene). The sd als
are counted in a Beckman LS 250 liquid scintillation counter. The [0
‘assay procedure can be nodified, for examke. by carrying out the(aSshy; in
0.2 m. of culture mediumin wells of 10 m croassay plates, e.g. 21 ni ng
or Falcon, instead of 1 m. of culture mediumin culture tubes. The same
culure nedi Ureo?seénﬁrbﬂoﬁeum ﬂﬁ@%ﬁﬁﬁeﬁﬁl‘bhoil Hensused! &iidcalaberhesed.
Sup@errents are first &ace in appropriate wells in 2 [err] anounts rather
thamt he usual CHB€iREYYhe final volume will be 1/5 that of the |arger

cul tures. The Uymphocypddsgayes are washed in nmediumsalts as usual, but

after the final wash e S | f
that is to be put in ThEeREin M Ay RaARdes foblarngihe KRyl T
suspensi 0§ i s Withetheetest dyophesiieseincubaging the \Amqulargr!WLdgna metialln,vol ume

of 0.22 m. a%l?esfd gaihecﬁ'lchbmﬁ(:@\md@&' Qﬂd%ea%gngg%g redpdlise, 50&h 29
pl ates are then | ncubated, as ysual grgg{Ig % at her than 50 pi. of the sane
C

sol ution of 3HCSHRYARANeInUAUER f SO‘G“{P@PFX“*E} /mrnole) is used

"to pulse on the fourt rrhdafpnowmgveﬁhnngcampléhﬂ 4 igredenthy posfeoredalyniphpt it e
time after pulsi with thym dine is done using a Brandel : M 12 cell
harvester and BFH rdel filter. paper rather than the MIlipore 25 filter
paper andiganpling maRrdviguslyusedilized Gbiyeethyhine oxidelLiddsx 7Phmmbove

procedures reW?knE"‘&bEﬁ’Rﬁ?h (EfapE L(bEiéh@ifR:OPfg&b%sarebuéed”ﬁﬂl‘h@t her
variations are posSible in cedure to achi eve the hasi Eﬂ(j;oncept of

. agsessment of 3fEt¥ pf‘?‘iﬁﬁ‘afe'né@&s iligar jof fihgi elsyreamedivgn det dPf f er ences
i n requirenmenteachasbe. wnwieafécesdah-p,cmmmalsupﬂémsnwabl toy 3asulneldy as

ousentt ar o Bt Rt BBE, BE AP SR P e BSPHERTRD Rghe
. concent rausonscoof:erammmauf the (rediym cani be addédi tpnﬁal tubee)andnd | nabl | i ty to
synt hesi ze ad%ﬂgﬁ%ﬁaeﬁ@‘éﬂéé aQ&ed“?B‘ rﬁﬁl&?'&t Fifthl 90RuBR 8E110%1. aThQUis's

determ nation ¢ suppl enment s of each one of all  of t e am no
aci dsi ncl udi nghemdagculpred; Wﬂithéo n\%dP&rﬁ“ﬁtd‘P{é?@I X"\Eﬁ?%eaﬁﬁPm?ﬁat e an
aver age bl ood (Gopo00tlymbhesytas)d at the sane time at levels — -18-

Incubation -~ The cuiture tubes are placed in stainless steel
20 racks and incubated fur 4 days at 37°C in a 5% carbon dioxide
atmosphere saturated with water vapor. On the fouirth day they are
removed and placed in a 37°C water bath for pulsing with 0.1 u Ci
per tube of al-l—thymic}ine which has a specific activity of
300 g Ci/mmole. The cultures are then replaced in the incubator for
U 25 . 23-25 hours before harvesting takes place. Other times before
harvesting can be used, e.g. 8 his., with similar results relative to
controls. _
Harvestmg - The cultures are harvested on a Millipore
samphng manifold using 0.45 pm. filter pape:s which are capable of
3g filtering out nucleic acids. The caps are removed from the tubes, the
tubes are placed on ice and subsequently mixed well on a Vortex
mixer. The filter papers, once positioned, are moistened with 1/2
strength phosphate buffered saline which is used throughout the harvest.
The first 12 tubes are again mixed cn the Vortex mixer, then filled

3/4 full with the same saline solution. They are sequentially poured on

o
wy

the 12 filters of the sampling manifold. Each tube is washed twice
with the saline solution and the washes are also poured on the filters.



whi ch are significantly higher than the average concentration. Detrincntal
effects of .elevated concentrations of an am no acid can frequently be

overcorgg Dy additional supplenents of another am no acid(s) or, of certain .
vi tam § . An abnornmal requirement for an am no acid can be-
det ect e/by preparing medi a as described except that the one amino acid for

whi ch the quantitative requirement.itg to be deternmined is onmtted, and is
added over a range of concentrations to separate tubes . to obtain a '
dose-response curve. Alternatively, one linting concentration of the 10 u
am no aci d coWheénbspprexithduglyc 6nphr ohghe Iselinespbnim &f peired| omieachg
concent [ at | on silfed YAPEREYHET sl NARBALLGRH () EBAEENTE Abed aEPONSCS Of
| ynphocytes of at concentration of the particul ar
ani no aci ds. mnrm,fi@rt*m f@ﬂﬁ@éﬂt ehtthenasseBbul d al'so be used to provide

addi tional informati 0?h¥V' filtolpapbrsadrd afied h’@r esntmhece@ﬁea di§ing’ 66aONSE

curve. |In selectj e, concentrations.to i.n testing, the

f ol | owi ng con@én’cé}g then piaced Mo FoWting §@f FB?'tahmf‘Fl ﬁ’z %f provide a
response which Itslubnénwedsdsiytﬂlhaoa pepekidit (20 gaoPRZ iper A thedifiems)x iThel '
response can Qt? rgl %ﬂt?& f%n?ggl&rkg‘ﬁ L@%S&qﬁ{ma @gﬁﬁ:!‘ldtﬁ%egoh{{e;rabl e Il 20
TABLE || Concentratron in

.5 dycine The above assay procedure can be mogified,ofpr exampledi ne

gg :_SOl EUCI N carrying out the assay in 0.2 ml. of cultureomaalula?lif?'vﬁélls of

2 30y5| Bﬁenﬂ”&’l’%ﬁ% plates, e.g., Corning or Fa.lcon, mste'td ofot 21 S I Y ture

.4 Threoni ne medium in culture tubes. The same culture rn@drﬁmT;mnbsthe&ame [
.2 Tryptophan

.25 d ut ani né
appropriate wells in 2 ,.ll amounts rather than the usual i0 /ul

concentration of supple'nents are used. Supp.e%gi\bss gre fo@L prl'gced in

since the final volume will be 1/5 that of the larger cultures. The

15 lymphocytes are washed in medium salts as izsu_al, but after the fina

- wash they are then suspended in the same type of medium that is to
be pﬁt in the wells at a concentration of 150,000 céll's/ml. This
suspensicn is pipetted into each well, 0.2 ml/well, giving a total volume

. of 0.22 ml. and a final cell concentration of 30,000/0.22 . The

20 plates are then incubated as usual; {0 ul. rather than 50 pl cf the
same solution of 3n -thymidine (specific activity 300 g Ci/mmole)
is used to pulse on the fourth day. Hawéstiug on the fifth day or an
appropriate time after pulsing with thymidine is done using a Brandel -
M-12 cell harvester and Brandel filter paper rather than the Miliipore

25  filter paper and sampling manifold used for the 1 ml. cultures.

The ahove procedures represent two types of culture
conditions, but rna;zy other variations are possible in the procedure to
achieve the basic concept of assessment of nutritional needs of an
individual and to detect differences iu requnnments based upon

30 bxochem;cal individuality as well as ordinary deficiency states.

For determmmg abnormal requirements for essential amino
acids, sensitivity to detrimental effects of higher concentrations of
amino acids (e.g., amino acid imbalance) and inabiiity to syhthésize
adequate amounts of non-essential amino acids, 2 routine

35 ° determination can be made with supplements of each onz of all of the

amino acids,including those not in the medium,at levels which
approximate an average blood concentration and at the same time at levels



Cystelne . 5.0 -19- Asingle
specific concentration apprOX|nater at the hal f-nmaximal response | g&g]
provi de information on abnormal requirements with mniml testing.
.poi nt response could be obtained by a slightly Iomer and slightly
concentration, e.g., 2/3 and 4/3 of the abgovfg s “drfount s gi vi ng
“hal f - maxi mal response, or a conpl ete dose-fesponse curve could be obtalned
with~a multiple group of concentrations in this general range of

concentrations. by aé}goglgﬁlhcﬁﬁﬂy'l{xg@mhanorhema{?&raaé Scon@!:‘tctbaﬁén eRk AemAar

magnesi um and sensiti_vi detrinmental effect

‘concentrations “tf?eq’rf Ry gletate a??@??ﬁ’?%{f’ﬁ g@ﬁé?é‘??naﬁgﬁgabﬁrg%‘fegﬁ} pe
.B-vitam ns, onevaicomd bmddiuimltémeplmchmsnaﬁranmhgrr aupsgy asidfk) as afmi ssi on
-of vitamn [err‘Jat qd f.t% n_éc acid,usually does not result in a decreased
response..except B e 2CUSE of pant ot heni ¢ aci d. Thus a decreased response
in the casé of vitam nAnoabnermahaaquisemeninfen AprARingcicidi epnghededeetsdi on of

"a deficiency, gy ?%g; ggl mg&aquag %@?d?fbeﬁoéxée'ﬁ@ thit atma rbneoamendiaf;mcrwe
storage of the Vi evel s Qf response.in,the glggence of

.pant ot heni ¢ aC|"6f“€1&r¥h5I%“E)‘éa‘§Yern’1’%Wf%f“‘Eﬂt s S dpe ?F‘Fﬁ'@ siseBikedopnc
nutritional stdsusded diraﬂTaOtd]fglal 6f eehcbntidttondeny eqradie eslpanse obrriaddi ti on

of vitamn ant O%Iése‘tjisélae f%ﬁe. gl%ét.b% blO?lEI Pmﬁrﬁ%chgm&éﬁ(?{ O?fthPIOOtI n-

utilization, sur t e ad r the
i nhibited apst amindracd mnld3b=rmeé lspsempacrr'grr@n teseomiet efithe disgisingenent

with respect t%ﬁ@éﬁt%ﬁoyl,ﬁ qmngﬁocylt'ﬁé R ba&f&&wltrmmwd&ngeoof SRERLRAs &Y

t kate el enents e contam natl ng diumin redl ents nmakes it
possi bl e to detafcymnhagrres| A r§ronRqicFUbieqtE Lo Rt aBRSEREROBRS r enent s for
such nutriti onahef;a:-heﬁm SRS 4didd.t YTWo diffegentanchosatiadionstavuld a.tsmbbéances

and the inter Gkl @80 proEn %Sgddlgg%llt ﬁx:tl’clan ?t,?Ut Withd? Qa(l;btaﬁ% tﬁéme%ﬁ‘ec ;:-..

tested as wel %S P e medi nts ca
om tted by 1Sncrrespoinse curvesr Inosebentingt thesBoconsentrptions serbm@sgshdn gtleyms;e can

be omitted frorhkgnoidd tondBiftdtiBris of Bty WRRCH ScATSAK R THBRYL

provide a response which is limited by the specific amino acid.

A half-maximal response can be obtained at concentrations near those
listed in Table II '

20
TABLE 1I
Concentration in

' mg/liter
Arginine _ ' 0.5

\/ Glycine ' - 0.25
25 Histidine . 0.25

Isoleucine ' - 0.25

" Leucine ' - Y 25
Lysine | T b
Methionine a 0.2
30 Phenylalanine ' 0.2
Serine | 0.4
Threonine ' 0.2
Tyrosine® ' - 0.2
Tryptophan ) | 0.1

35 Valine ' . 0.25
Glutamine ' | : 15.0

Cysteine 5.0 . .



i ndi vidual s by increasing the concentration of folinic acid and of vitamn
i"doxi ne) several fold. 35 Such tests determ.ne’the ability of an
\)t.0 synthesize serine. In the absence of 'supplenents of folinic -
_ ytamn [err] the - 20 - ratio of the response to glycine dl one
in. conpafison to serine alone is greater-@fan 1 in the |ynphocytes of nost
individuals. On the other hand, with |ynphocytes of pernicious anem a -
patients the response to serine 5 exceeds the response to,glycine under
these conditi AnsinglBhspexilit i qopcetration PPEerdmately s g H‘é’sfi‘?\é’"?’%%gi tol orws
choline can be fetar mvﬁ?dzﬁpyprgmiéShﬁﬂ'n{gtidrh6§Qa.tﬁeﬂi’ﬁ@neﬂitﬁrefrﬁéﬁfbt\mhcm ture
medi um For exanple, the [ynphocytes of some indjviduals

) ] d annot,. t hesi ze-

10 suf fi ci evinimalgeisting. Whive R%-F%Pﬁﬂ%"cﬁ'ié@ B e [‘3?%@?@ cgfml *
tSKnt hg_S: £ 8 Mt?hm isﬁhhdpﬁﬂ'ﬁ:lzl_ﬁfr &&@bmbﬂama; tgcg., 43| indesi8nof thardtaveon in

e ability to synthesjze, choline i,s observ i hiferent iladiyi dual s.
2- Di et hy? ani # 'éné‘l"“@ahglgi"aﬁﬁ“frf%a'i?ts'l’f/ns‘fé’% a crr(]’tra“gilléa%ae-[1 gﬂoﬁsﬁg},géang.t f]e
extent of thi surveptade tencbrinedwitsedmubipletgsonp mé eonceapiationy ipfthis
| ynphocyt es Ofgd'né}gi %ng#aw Qc&ﬁrr&:\i?ﬂ&ét the synthesis of choline fromthis

on-of a

I nt er medi at e. Ssi eni ne allows F deternj nation of .20 t he
factors affecting purdmebsgiapeseiianey 1dMAda p- Suph ascGalpiim, oty e
[ﬁqUI remegft f fnPJgnfEthnDl_aﬁx_da§é'rﬂi_ti\gtlw_€%riﬁltﬁmiangdluéﬁﬁérseohrléglmlrt ered under
ese conditions for yarious.individual.s.. 5 A ng-4- injdazol ecar boxam de
or its ri B%syF°‘EFé‘1“i‘¥Féfq"§egfg§““e-mLﬁ’ ot l’lg%a.t'm@? e%?téggksdggaeni nein -
stimul ati ngWIhyrrphocthissiSuccbf B-vitppinsyone atoe dmey [seovihte §19digdraint on U
concer ni ng_ whi ¢l st 306, 8 dekiBh & @51 SarldS fhlifiet ddig, ussiy aloss k! ons
a det er ni natién&gg’ e %I%{s%egc&d%aelﬁg{i]r éﬁe?rﬁ fJ(J)rx‘ the 3 USSR 0¥
result in a decreased response except in the case o pantqthemc acid.

Thus a decreased response in the case of vitamins other than

15  pantothenic acid is an indication of a deficiency, an abnormal
requirement for the vitamin, or a defective storage of the vitamin. The
levels of response in the absence of pantcthenic acid can also be
similarly utilized in the assessment of nutritional staius of pantothenic
acid. The decreased response on addition of vitamin aniagonists, e.g.,

20 desthiohiotin as an inhibitor of biotin utilization, can be used as 2
measure of the adequacy of a vitamin for the inhibited system.

This can be more specific than the vitamin requirement with respect to
certain vitamins. |
Using well known methods to remove any trace'eléments \/

25 which may be contaminating medium ingredients makes it possible to
detect trace element deficiencies and abnormal requirements for
such nutritional facuiors. Sensitivity to drugs and various toxic
substances and the interaction of these in altering nutritional
requirements can be tested as well. : _

30 Certain _cullure—medﬂium components can be omitted by .
increasing other components. For example, serine and glycine can be
omitted from the culture medium in the lymphocyte assay of many
individuals by increasing the concentration of folinic acid and of
vitamin B (pyridoxine) several fold. | |

35 Such tests determine the ability of an individual to synthesize serine.

In the absence of supplements of folinic acid and vitamin B,, the



[ ' . .
30 last insertion of formate into the purine nucleus. Qm ssion of

pyruvate fromthe culture nmediumallows a determ nation of the / 7\

ef fectiveness of .glycolysis in an individual. Thus, by conparing tf .
response of the | ynphocytes cultured in a pyruvate-free 35 medi th

t he response of the |ynphocytes cultured in the nedi um contai ning pyruvate,

one can determ ne the - 20a - ability f the individual to netabolize
gl ucese. For broad surveys-Of-nutritionaF sfatus, >variations in nutrient
i nt &er el ati onship, drug and nutrient sensitivities, etc., the assay with a

small 5 vol Wik, o€5¢- tle? rgk oﬁHEt%Be§19QQHbrEQGn@”ih”QSHbﬁgEQBnaQQUt

30, 000 Iynphocytes ‘can 1 nvolve as nané I ndi vidual tests whi | f
carri ed out |nsﬁrﬁpﬁléé9ée A8nBEPRERT2 OaﬁlﬂféFeﬁPetégFPVSFyéﬁﬁoﬁg for

| ynphocyt es frﬁ%b%bquhi3QdﬁhlsQf bhOQﬁe othiep aahaltﬁlanveymphbagdeko
survey of the d f|C|egc es _or Qor ma

t t t t
to nutrient inRal &FEE °i§3ﬁsFP992Pypﬁ8iF83 E§E$88P§°8Fg EPengiéiggfhggvgné
a wde vgrletyeabeedbsthacesspandenmnysbwogyntheﬂec thpaki conddsibos.each

| ndi vi dual . 15 The gbg&§t9UB%usa gﬁq&vqhua@p%exsgatsbglqae day is

required for activation an onent | resBonse curve  1s obtained for
about - 21 inpﬁétﬁéxprfSHPlé&ﬁscéthF Asterningd, BYpOMiEsd0B Phes unl ess
the cells are %ﬁ@%@abadpaaénmewmﬁadlmmbaddadurAnmea&umal Fogulexainplei,n a

e e o588, b2 g Sy RRTE BBy RepBEAeT |
the presqpce oflsufifdciient Adnosiselswhddle &be lymphocytes of most
individuals can synthesize a substantial part of their
.inositol requirement. Variation in the ability to
synthesize choline is observed in different
individuals. 2-Dimethylaminoethanol can significantly
15 replace choline, and the extent of this replacement can
be used to determine the ability of_lymphocytes of'
individuals to carry out the synthesis of choline from
this intermediate.
Omission of adenine allows a determination of
20 the factors affecting purine synthesis in an
individual. For example, the requirements for folinie
acid, glycine and glutamine are altered under these
conditions for various individuals. 5-Amino-i4-
- imidazolecarboxamide or its ribosyl derivative
25 significantly replaces adenine in stimulating
lymphocytes. Such a supplement not only provides
information conceraing -which stage of purine
biosynthesis is limiting,'but also allows a
determination of the folinic¢ acid requirement for the
30 last insertion of formate into the puriné nucleus.
Omission of pyruvate from the culture medium
allows a determination of the effectiveness of
glycolysis in an individual. Thus, by comparing the
response of the lymphocytes cultured in a pyruvate-free
35 medium with the response of the lymphocytes cultured in
the medium containing pyruvate, one can determine the



pantot henic acid will concentrate sufficient amounts of these conponents so
; presence i s not essential in a subsequent incubation to obtain-a

maxi nmal sgjonse. Jutam c acid, aspartic acid, asparagine, alanine and
proliné can be omtted fromthe culture nedium O the remaining 15
am no a g essential for protein synthesis, glycine and serine can be

om tted under certain conditions for Iyd%%%cytes from sone individuals but
ar e stinulatory to others. Anong B-vitam ns only pantothenic acid was

absolutely required 15 for essentjally optimal, r on | h_any g);
vel | - nour i shecBbhH &Y b the t?d?lé\)@]r‘ﬁ‘#/b'b |‘&€€%"%§§P‘?ﬂ§§%¢ﬁsﬁr r] were -
frequently found to berst ivrdasd sunveys of heutwitbonab stabwsl, stinul atory

effects with decr j ng_ freaquencd AN f 4 i%ﬁ@ﬁ CA% .k £S d rather
closely with t%%rfgég?fg%c#%%ﬁ%r%ﬁl@%ﬁ?%%i@gnm es""a‘?ll’etae)fr;‘5 -nﬁ@&b vari ous
20 nethods. nutriest aygnsitivikiexceht- i cbhpsRNohith 2idmathe B
vitam ns @are npspahdy $1oregl.d iy relDOyses FeqRemNg! en ARSE: buh 06
activation and 1nitiation of. :growth. Thqw%gpfarafce of a stlnulﬁégry :
response indid%?%%?tﬂ%1°Q9m}¥éhﬂﬂﬁﬁﬁﬁ%s IHEPTEF A THY B2 PY 0 enzyne
content and/ origdDébdeaDftédnes pehiicicyl if carehed out himl ©S5iplhbeatew!

requirenments 'for the vijam n -8l nce. | 05 YL £S5+ i t4 =¥ not
t ake up vitani%%ns%gﬁb%sé$§34%f€§ﬁ%ﬁan¥€$9ag¥%gﬁfgéﬁﬁgfgfn}Yﬁggﬁgy?ﬁgse
cel | s appar entfyomaabqut (R0 ruk v i @ OPEPOR: st BRYS oPerREES nAi VERYaPTPRYsi bl y
fromthe {q me Q&rebfisfdwelwmeﬁépes aghi ¥BnbPESL "PeGaIrERENE. ofhis is a
great advantage In:; he-asses;ﬂgni of . 30 'ngtr't'oEa#%status but not in
eval uation of BPREFI@REP13ERFLEANTEY | BRaPUER ?ﬁty.m $1PR6EYtes are

ri boflavin defsenseptiesty Thertoxsc aeffectbaofonubeientn dhegsnandasge in a
nunber of patiepts wiih, 0 st L oul d [ 5 LLvh PR, | as the-
magni t ude 35 sgégtﬁ%}gf#%ﬂ?gt%%%§E§§%%§ge§%gaggéyi§£§£§éﬁgeg$éurinary

ri bof | avin exceapabhlities 2Dor Terel individualsinilar correl ation between
decreasedygeryt hrocyt € gh UpREBEEL OXPé 2eE 20A, t apPPORiNAcELYcvnesdapdikhe
number required for activation and an exponential response '

~curve is obtained for about



of patients with decreases in the response of their |ynphocytes to om ssion
of vitamn [err]. This would be expected since aspartic acid 5 and
asparagine are omtted fromthe | ynphocyte nedium Al so, the erythr
~level of this transam nase has been used to indicate the | evel of v
[err] intake since supplenents of vitamn [err] markedly increase t
-amount of this enzyne. Such data indicate a 4%erati onshi p between intake

| evel and 10 the potential for a cellular deficiency of the vitamn
affegting the | ymhocyte. Howeyer, fhere i Ssgi i it . very high

i nt ake | evel s c?é?\ "«?f?érfi’"%\ d?é?)?}e/ts?éi%%mﬁn&gt gersgﬁx%%rrééécﬁﬁ]ﬁls s%’éégﬁ"esgfy%

| ynphocyt e def iace srparaged eoil aterd midibmhiddedur iAmainjtioliigerbation ia @or nal
response curve sf; Ld:an | oot S2EHAC loBEhd<beat hat a reduced
i ntake 15 | evggfl\ﬁg&? 'Mgae'agqeﬁlel |gi&aéﬁéiilyv?oafschhag%g:g_ﬁﬁg\ég"ﬁégn found. In
order to study at subsequany| Jesh cap| kemiiseds 30 AmRIEY opainafeticiensigte evol ution
of the netpods dagls NEtHava] aPRAe pRaddnBlsE YhdifigBh ribNiResucdf agli sorders have
been i ncluded duri nﬁ t.hi s.‘gha e of the stugfy.. When Cg.llg.lfjcofe is omtted from
the cul ture nedPiftispic acidvill cancentiate sufficient, amolprs, of W0&f%ohydrates to
repl ace gl ucoseomaondres usethalt otheét presenee \ihebhassentiaioin arsubsetjuendual has
the ability to.;uthli: f | ve S ohydrates. For exanple, in

gal act osemi a tkll"égrdg%légat% %ﬁ%rﬂél %[r@ang sgg%%’ ze gal act ose derived from

| act ose, and this net BBrasis agide| aspartit acih AsprRIALNE, oFlagineaand peoling

gl ucose. |qgbi lchh Ybe 8mifed MBMARR cERUAAAGMGAE DF RREMlohaimifg | BAd rifo @
nunber of defects, i ncludi.ng nenta) retﬁrdatlon. cataragts, etc. Also,, the

suscept i bi | i ty 23S sRienRal If BiPtelncpaehesis.oglyging ead, spung se8, by omttedh s
may have i npor uadere cenainh eonttiviehs fore tymphoayaés if eorh some Iradivdud!s fbet ar e

Car bohydr at es Q. gals ose, e.g., mannose, can be 30 simlarly
tested for. abi ?%l&;iﬂﬁttgp]ggouﬁrﬁggz'ed in place of glucose and for their toxic
effects in each individmang Boitaminsmorly, peprethenioranid wassabsolutsly irequiesd an
i ndi vi dual 150 igghiebdentialyboptih2OsEspoRdt §iF Wty dleliCankiNkETRBRIduAls; NuCl €i C
acid bi osynt~he§|'s. The, rocedur(f LN _each mstagce of car bohégrate resting
is to deter mi n@OVREIagitiaflayin pnd yiragun Re 556 dPaventho Foulidh B #%g1 ucose and
to determ ne tbdnilmoent afd biher ditaming showpdostymemtbry efilkicks wiidn of growt h

by the carb Ohnga@ltégsing frequencies. ‘These frequencies correspend rather closely

with the frequencies of vitamin deficiencies determined by various

20 methods. It thus appears that except for pantcthenic acid, the B-
vitamins are normally stored in lymphocytes in adequate atnounts for
activation and initiation of growth. The appearance of a stimulatory
response indicates that the lymphocytes were deficien: in regard to

N enzyme content and/or storage of the particular vitamin or had

25 abnormal requirements for the vitamin. ~ Since lymphocytes are inactive
and do not take up vitamins such as folic acid until activated by a
mitogen, these cells spparently carry the nutritional history of the
individual possibly from the time of’ their development from active
bone marrow cells. This is a great advantage in the assessment of

30  nutritional status but not in evaluation of the results of nutritional
therépy. | |

it Py, _riboflavin deficiencies. '
. €%in a number of patients
with lymphocytes stimulataé?frby RisdbiA (4

- . . e . ot RIL ]
35 oi the stimulation) with dé‘é}re e 2k

There is a correlation betwked” the ﬁgcre

-is‘gyeli as the magnitude
aSas
<

oI urinary riboflavin

excretion.




- 23 - Treatnent in the case of a galactose utilization defect would be to

avoi d foods containing its sources, e.g., lactose in m.lk products. In
ot her s, such as abnormal ribose inhibition, the |ynphocyte assay can
deter whi ch nutrients or inter-related biochenicals have the 5

abilit 0 reverse the inhibitory effeé ~Insulin deficiency in an
I ndi vi dual can be detected by culturing Iynphocytes of the individual in
medi um containing sufficient glucqgse for an rezgpnse ,For exanpl e,

insulin deficiency caher YT PHMBIAT LATES ﬁfQﬁPrrge*t‘ﬁs“ I8t 0.01 unitd

per ml of i nséﬂy‘tﬂro&?te ‘gfhthﬁ‘ité&ﬁamwt@mr@'\ﬁahu'\aséneveﬁh andndte InwWnbimes t he
nor mal nedi um congentr a

t ucose. W_le e\ se.e.g. 0.03
of the nornal® ﬂ?’ﬁ?ﬁsc‘gﬁéeﬂ‘?cr’aﬁ%gn Wl ﬁkgxerﬁs%g l%gl\)/:}%hw fg%t which is
i nterpreted temizsion 8f pitaminy B=6f.f g chadm hehex:gﬂc@e@gmqee@ﬁnar@m@su nce in

t 15 -ind l¢.f f woDb at 0.1 or
O3 158 PRl kst bl 86 Il sttt O 1L 0

1.0 tinmes the nor ucose. wev Pﬂt [ (ints
with insulin ewshfocyts éﬁ’@& of fhis é&ﬁéﬂ"’@ﬁ%‘l‘?ssp?%l‘%ﬁ o0 1B “PH"S[H‘ eve
persists eveng@lithi®n B ghitkké euleS siiplghemeset vituRip & J anirRediOineyase '
subsequently ghown b ucose tol erance tests to be diabetic were 20
detected in t esaWQH oMM esul ts obtained during the course of the
devel opnent of the mStichindata tindize relias celationship Hret weed iintakeciesel and st or age
of vi tam{bsesnfe BEhenl 18t 1o/ ﬁﬁn@?%e?icegﬂw 8¢ (O ViR sfgUingTREt s for and

sensitivi ance O nutrients sdch_as am no acl

abnormaliti eslﬂﬂwh?aﬂ%e Howeveyr thATEI e osubilithcding Veéﬁd"&‘hrﬁ?tagf‘ herelsspect s -
of variationsedd e'x@i‘teé k@kkionTEA %b@rlagénméé]hdrﬁis:bﬁ drt@qtaedymmw A

i ndi vi dual Iy te cu turg ht F‘ currentl éfeaslble WII
cul tures of ‘F\‘S ¥ @ssqeiptsfl; Wit ‘f"P’ piRaLY CHRYE ARE i PERE \Kﬁﬁ‘?"cﬁ/er 200
vari ations i ncmétafr theC Oitdinin erild rmahmatel(ﬁhe @oadibility thaooal réducedaimpales in a

survey of 4 he ev?lLWoU B2 bR, O siddidby, %e(_j‘uﬂvee%ﬂ& he course of the |

devel opnen tare med um nece_ss.ari of, assessment of
i ndi vi dual nutritiondn erdat $e, studyithe qvgral tWO'bF“@o?ﬁSP‘éﬁaée‘%mﬂﬂba‘f‘l ents

Wi t h-various Q!tﬁﬁ&%eév&@{&q bﬁe!'hel ﬂi‘é@h&!%dbérﬁg Cﬁdi}eropb@ beriaddsewith ghlahgr m ne
t he extent of theh%farj at elsugog SgS resul t o herg s some
i ndi cati on t hBPef ﬁe B’é’eﬁs@a gd duting tﬂ"’éfhi“ﬁ? o ﬁr dure.
When glucose is omitted from the culture medivm in the
20  assay, the ability of other carbohydrates to replace glucose can be |

used to determine whether or not an individual has the ability to utilize

effectively these carbohydrates. For exarmple, in galactos_emia there is

an inability to metabolize galactose derived from lactose, and this

metabolism involves the conversion of galactosc to glucose. Inability to - .

25 metabolize galactose properly can lead to a number of defects
including mental retardatlon, cataracts, etc. Mso. the susceptrb.hty
to inhibition by excess galactose can be determ ned " This may have
importance in the development of cataracts in .ater life.

'Carbohydrates other than galactose g., manncse can he

30 ' similarly tested for ability to be utilized in place of giucose arnd for
their toxic effects in each individual, for example, the a.bnorm_al
susceptibility 6f an individual to inhibition by ribose, an essential
carbohydrate for nucleic acid biosynthes'i'a. The prOCe'dure in each
instance of carbohydrate teetmg is to detmrﬂme the ability of the

35 carbohydrate to replace glucose and to netermme the susceptibility of
the lymphocytes to inhibition of growth by r.he_carb')hyd..ate.

&Y



-24- Exanple 1 One of the. first cases benefitting fromparticipating in the
program of devel oping the | ynphocyte nmediumwas a patient who had a |ong
medi cal history of |assitude, intense parethesia, nuscle pain,nld
depressi'on and extreme anxiety. After exhausting nedical resources (fef”
alleviation of his illness, consultation with a nutritionist resul \&d"i
his referral to our program The |ynphocy®228 assay reveal ed approxi mately a
50%m(§§frease in growh wthout biotin supplenents. contrasted to no decrease
in nor mal subj ect Further 10 investigation reyealed at _t

pati ent was fond of a %F‘?aﬁﬂ‘eebﬁ?aﬁ% i $RFSr %aa%?ﬁ?é"wﬂ‘ﬁ“ ‘ier}ﬁgred‘%‘gf 5
Thi's, coupl ed \tbté:\rotrbrﬁ&wxptdmauﬂrig éggmtheéselgcghelat:miefmrmlﬂd\epkﬁaets

undoubt edly pl gce i ubj th at vidinejndue biQt.in
defi ci ency. Inﬁ'gccf%fl%‘tr:s?g% %@9 q}n '%af "b%? IX%'% éoé g’ "ﬂD 8 {1 JS%(
patient's severcensdetptroine, Whmli s riEBts logsintdrmoslatede 109h¢fnt€:§4131éd\'e)r!|h©ral

Goteror ot Pon abie). REkbRNe ol infibitopOerlier, W L0 52V E RN

ri bofl avin deficient. %@aﬁ/néﬁﬁcmn iB; |"HL‘é‘ BarF‘HbibPa ‘Frc'fegkﬁ’t ed.in an
ability to 2.0 calowingilgaiphotytes rofnetre irlivigas sinhnedhed aroatathgnarfyndnﬂ:pu_t of
bi otin and ri b%ﬁl %\éérf ¢ ol B%HE\Q{ he?poqgé' C#:?P%&;ﬁ{;@ e}nslﬂ S8ef éﬂm: Ct%x%lr ation

of the two vit fia- el mna drinary excre s) with
an of fensi ve oderdeteptednby isietermining: bhe Ieifg/qsnozfyﬂé’lt wyts pef tnhl anﬁilﬂmat i on

in many caggs %tfheufésﬁﬁns%“% 30'5@15 0.03, 8AP&Ad . @Rimbdahe RicPhal m&dilmi enci es
.ogcyr, particula in,the_el Iy far more frequently than had been
-antf ci pat ed. Ef&ﬁ‘b%l’ﬁ'a\?‘% gl".!\"“ﬁe'year old girl. had a lack of nuscle tone,

tinability to baltalvee leveld) of \tacosk @5gd0.0di off 'tmllnbym'ah riealighh ngprident rgiad, 30
rerect, abnor mlogug CONEMENERuk) JASRORREH & TebBaAldPRolgsh, and a
bi 0

;. physi cal therapl St eVl pPhysi C an .ot ervm se
"exceptional |y Uspasing effiect!! upen thenglhceset requitemephosinge in deestease to 57% of

control on;on $5didBufll dd B@fst @idl, eMBEC RE ViRSULIN s YbkevBR N NE.1 or 1.0 times

the normal media concentration of glucose. However, in patients with

insulin insufficiency, the added growth stimulation by insulin persists

even at the higher levels of glucose. Two patients who were

subsequently shown by glucose tolerance tests to be diabetic were
20 detected in this manner. '

From the results obtained during the course of the development
of the medium, it was discovered that deficiencies in storage of
vitamins and, potentially, trace elements, abnormal requirements for and
sensitivities to imbalance of nutrients such as amino acids, |

25 abnormalities in purine and pyrimidine biosynthesis, and many other
aspects of variations in\intermediary metabolism could be detected
through mdwmual lymphocyte cultures. It is currently feasible with
0.2 ml.- cultures of lymphocytes to obtain t"phcatc determinations with
over 200 variations in culture conditions from 2 10 to 20 ml. blocd

30 sample in a survey of the nutritional status of an individual.

& rols and patients with-various diseases have been
mvolved i qt,d‘éﬂto
35 respons_es. As

used as a useful Cll::_..c 1 procedure.

v

al able to determine the extent of the variations in



di fference fromnornmal subjects. Adm nistration of 10 .ng. daily of 35
ri bofl avin each norning caused a renarkabl e change not only in nornal eye:
novenent g 0 response to the rotation test for the first tine.in a year of

phy3|cal!£y-rapy, but in behavior toward erci se routines -25- and -
participatfon in play. Her parents consideréd her to be normal again, and
the physical therapist considered the change very exceptional. In this

little girl (I—tMn)‘i! uilnary excretion of rlbofIaV|n was in the low risk

| evel at the initial |ynmphocyte 5 é Thus the Iyrrphocyte;/
- test detected an abnoPﬁQIOfrE‘?ﬂJfﬁfﬂnﬁﬁ”teSfB?"erfﬂb’é‘ﬂl oM pariicipating ipdkes | kel y

- that conti nue%rﬁéﬂﬁ‘ﬁ'dfeﬂév%ldpiﬁg \ehéIlyﬂbh@?tacﬁ\aailunph;a&lsqiatﬁat avﬁd)h!ierl fy

ey § 16 o e SRl e AP RO "
Ex le 4 10 ’r 'es

Vi ? an ﬁ Bl andkpredsion and @xtiente anzienp.C eAfwer yerthavskinvge Inngalicad drdsborcab t'o.

techn! gues DecARSRddCP il mcgsgscg,g]s%wagml YR8 b ThaBeiohRt "RhRdd Gh

thym dylic aci I ne |ncorpora tamn [err]
has sone act i Vs yreferrall rm\mung’rnsmrc.ys'f@ hemplogysp| agsey fevasieshi ne in the 15.

activation anda@r&w&:afy 4 Y909 QE¥eSe :K‘%Vr@ﬁ ,murbua ﬁbuﬁyswpaeaﬂeﬂtat reat ed

perni ci ous anem a patjent, it was Iﬁlgparent t hat. el’ﬁl ous aneni a
~ patient could ‘Eﬂ‘ﬁtﬁs 20 on degigRse (iR MOTENARS Jegﬂtg‘c RIB8E  coul d not
form adequat e invesvighsionf revesled ehhr aire gpatisnewasT fesd of es drink cortairdtg t hat

t he perni ci ous_aneni ef t r
met hSI enetetra %' %5¥ 6‘7}9? s"ﬁﬁé? ri.‘n dZQalu’;it e'hg%bﬁn‘t'%Lg w'thétconﬁmaPn?ol ates ...
while the " nor eggsubirsly 'heated for heeakfgati nadpwhtedin places rtélseﬂt&%fm irel y hadw/

adequat e anobungg &te y19f ammmeﬂed Bi%mabaﬁheae} atﬁfepbibhsaofd%a @.t of
tetrahydrofol ate 2% 0,1t s shown that the beta- cargon of -

‘serine but not®k g’r"t‘r’é‘t @P'cg eviated§ |E%‘dle'?‘ns Fﬁ?’ﬁlﬁ%ﬂ\?m@
t hym di ne 16f DA smcepefeenmms)insaaaécbmnaowtmetihs Thts, vitamn [err]

defi ci ency greg)galélaféects the anount of .the single carbon unit in the
met hyl ene st at d to reduced folate co-enzymes. Vitamn defi ci enci es
in | ynphocytes can be A patient,t 8.L.W., age 86, with severe mental deterioration

was similarly found to be biotin deficient as well as riboflavin
deficient. Treatment with biotin and riboflavin resulted in an ability to
20 communicate which was not possible before. Urinary output of
_ biotin and riboflavin confirmed the deficiency state. Also,
administration of the two vitamins eliminated the urinary excretion of
a component(s) with an offensive odor. On the basis of the lymphocyte
" test, with confirmation in many cases with urine analyses, it appears
25 that biotin deficiencies occur, particularly in the elderly, far more
frequently than had been anticipated.
Example 3 N _ .
~ HM,, as year old girl, had a lack of muscle tone, =
inability to balance with eyes closed, difficulty in holding her head
30 ereét, abnormal eye movements in response to a rotation test, and
a physical therapist evaluation of physical problems in an otherwise
exceptionally bright child. Her lymphocyte test showed a decrease
to 57% of conrrol on omission of riboflavin, which was the outstanding
difference from normal subjects. Administration of 10 mg. daily of
35 riboflavin each morning causeqd a remarkable: change not only in normal
eye movements in tespbnse to the rotation test for the first time in

a year of physical therapy, but in behaviotr toward exercise routines



30 specific reactions. By elimnating glycine, pyridoxine, folinic acid
and vitamn Bl12 fromthe nedium the conversion of serine to glycine .

requiring pyridoxal phosphate and a tetrahydrofolic acid can be made §
limting reaction for activation and initiation of growmh of |ynpho A

broad range of variation in the amount z¢ .35 tetrahydrofolic acid
derivatives available within | ynphocytes exists frompatient to patient.
From a study of about fifty patients, it was found.:t'hat normal individuals
do nme¢ carry f aindcparticipadizhi implayes Har pdriepts consderefl dren subkimdrerad f or
form ng adequate amount s, of, al-vgi . Lines B er ni ci ous
anem a patient ,ag-EnA. Efn%dg}ées p%grléf/‘g} {ah\%éﬁ?g(g}céﬁég%‘ragsﬁ%\g@gﬁfn"g"IQQequat_e
anounts of the exoeprdonmdi dlrr ehispiglte gist (Hh¥. )i vripasy cencdserion wift ribgijavidoxi ne
is general ly prggep! (hd 16WE4AT&KeP ar REPHRIS of Qe tiRitful" BAfphbeRteeVEN though
it may not be at ad%gpat% | evel s for other systens, but I%%§h0q¥tes from an
occasi onal Spat it&fr, khug thedymphogyfestrsh detected 37 ahRS: Ml Fesiigmentt he
absence of pyr ifdpxibudlastig mnddiRqupieard ¢ikielit chaacbohtisuedr eganimentheichwo set s
of data indicated f[@r S B [e.determned ver al eks ri to be 10
certain of the wdfelfla@?‘f' % ua\L/li a)'r%mrf& tﬁnt e_‘r’e'? egée i i%?%%%%\l\ilol ch had not
been observed isnpplementatian ahd toywishdiawad ofr supplerhegiatioant s. Exanple 5 A
~rather broad V%Qaﬁl@“& exists in the ability of |ynphocytes to synthesize .
gl yci ne and serTTE: r%ﬁbly, folinic acid anp p ridoxin3015, are
requried fd@ nmaxi mal rEsHHAEs of, thp Jeguisenertsop Me#%*% SERRP i n the
npogé umI but theaeﬁehﬂcs folic gu&ed,i hdiw;zis dtba:leh ssaky aoaldveldpo additiohal YOSrddueshe
C rol respon ln the ence of t.he le ] | ngt ; , N.B.,
Che abi 11ty ro tobibe 08 AEMGEs Mo iciVed' 11 U WuahfloR N NpRRE, T 7
24- 27 per cent akid ehicivlaffestpshe shpméding rincdrpomtianencéit@oin 8, , ppsi doxi ne -

and folinic aciggmaUpRhaiEu -all-gWié%Eiﬂmo%%teirM B replReROREEHordiRe SR! HaC
supplenments in a beneficial vvax ample 6 One area of exploration and

eval uat i on 1% t RCEMatieR, ReH k5P Lfstimalosyiesy dQeayebhin ar 849N aihahent al
di sorders. |In tuptregted penlicidusnerdia pgatlenfUiti whs pbhtenitivhdt whdual s fit the
di agnosti c' cat %%or. . of Chi I.dhoqd ey . : c .
: micious anemia patient could utilize serine for the formation of
glycine but could not form adequate amounts of serine from glyciae.
These results indicate that the pernicious anemia patient had a
20 deficit of N3 2 10_ methylenetetrahydrofolates but had adequate amounts

of tetrahydrofolates while the "normal subject” utilizing glvcine but

not serine effectively had adequate amounts of NS,lO

- methylene~
tetrahydrofolates but a deficit of tetrahydrofolates. Many ycars ago
A/ it was shown that the beta-carbon of serine but not formate could
25 be utilized in the biosynthesis of thymidine of DNA in pernicious
" anemia patients. Thws, vitamin B12 deficiency greatly affects the
amount of the single carbon unit in the methylere state atiached to
rediiééd folate co-enzymes. . }
" Vitamin deficiencies in lymphocytes can be traced to
30 specific reactions. By eliminating glycine, pyridoxine, folinic acid
and vitamin B12 from the medium, the c'onve'rsipn of serine to
glycine requiring pyridoxal phosphate and a tetrahydrofolic acid can be
made the limiting reacticn fcr activation and initiation of growth of
lymphocytes. A broad range of variation in the amount of
35 tetrahydrofolic acid derivatives available within lymphocvios exists
from patient to patient. From a study of about fifty patients, it was

found that normal individuals do not carry folic acid derivatives in this



Onset Pervasi ve Devel opnental Disorder. A is an 8 year old male who had.
- phobi ¢ fear of |ightning, del-ayed speech devel opnent, bizarre behavior, and

gener aturity. He was very snmall and i mmature fox hi's age; he was 30
unabl (g ’n play alone or with the interviewer. He was very anxious not fo be
separ gtieg from his nother, and his only use of |anguage was to repeat

exactly“the words of the interviewer. The |ynphocyte assay showed a 20%
decreased response upon the absence of_ %I’I doxi ne, and an 18% decrease iDn~,
om ssion of folic acid which was altered by 35 vitanin [err] onission. ¥He
ratio of the response of glycine relative to that of serine in a nmedium

from whi ch Serfliﬁﬁ Vﬁ_lughﬁfehpeﬁor formﬁgg a}‘éci %rhu[:&frﬁ; d?ngyf:ﬁ’:lc' ﬁ'oaplegrﬁ"l‘e'rﬁ

onitted was 0 correspon he ratio obtal ned Wt
per ni ci ous andeWaveratd @ﬁi"!écw@\ #‘ﬁé“%d@i‘@"&f %hedPsﬁ*rﬁﬁHé’y%‘é’*‘ lablghonses,

suppl enent s ofqdQ9 digplydlg “bquE8 fAcuntdoiNthe @én@xaudim@em Qo8 thg. of
folic acid and,a,b m.l|tIVIt m reparatio rov r?é{] m ni mum daily
requi rements éf“géﬁ [farbap pait; ngyﬂg?’gn? rf§t§ef‘ﬁf"ggppﬁ§f8ﬁ |% eAYatehe was pl aced
i n weekl ysi ndiawdled f@sybisotdaetnapyevel-ﬂl thopgingt assy mas Uecen adenuatieabl e. He
e oy o P20 teithd ot BEntS PR GO ly el B Pllef an SeBMichl | 15 e

separat es fromn , and nost remarkably 10
comuni cat es \penbat,l 9gl-,ns-@-sSerﬁhaWeéLﬁéEf&ﬁ'Gaabﬂﬁéfﬂaisatlé ‘r’r‘&nﬁ’éﬁeﬂcﬁlrﬂferl yi g

these changes ﬁy%daxﬁke@ﬁerﬂ%ueatmeemlatc BERUIECpsdseAt. Athd h@otidte of initial
eval uation, no, such, pr e% §§S e been gredl cted, based on exper| ence

wi th nuner ous 9858 iladieat n‘&e%‘ﬁ aﬂeéF“ e Severglyweeks apart tbe o
el dest of 10hr eergiidlof g, deticin dfi risambed) tderpehesti aonditiorsvahicht hadh at agé‘J

8, spent much of{a&vntéggw\%ﬁxhowl yugplt#l dﬁiﬁ{l gg‘n&eu\gﬁg eﬁkg hands,

avoi ded eye cof el aroused ands in a
bi zarre mannerExaﬁelhéme he was descri bed as having "retarded

conpr ehensi on”, and. hh%&%ﬁé?@r@a@@anﬁﬁbﬁ AT ﬁ)hﬁ\\é abitis} dfaﬁrrﬂprﬂtet"éshrOUQh
to hinf. He became very upset n anyt hj ng S nged om had
tenper tantruf® YRS Y(:'H‘ené“ Gf‘ﬂ"‘baﬁﬂ H@"’h&&g a‘f‘ﬁea‘f':l é’KF‘ °%na
al ways vvamsed ar@ feqiffied for maximal response in the absence of glycine and serine
in the medium, but the cells of one individual wete_abl_e to _attam 70%
of the control response in the absence of these vitamins. In another
case, N.B., the ability to dispense with serine and glycire was _tninimal
- with only a 24-27 percent- of control respense even in the ‘presence
20 of pyridoxine and {olinic acid supplement. This p_atiént, N.B.,
responded to serine supplements in a benelicial way. o
 Example 6 | | | _ . s

One area of expleration and evaluation with the lymphocyte

assay has involved children with mental disorders. In .the greup studied,
25 two autistic-like individuals fit the diagnostic category of Childhood
. Onset- Pervasive Developmental Disorder.

A. is an 8 year old male who had phobic fear of .
lightning, & layed speech development, bizarre behavior, and general
immaturity. He was very small and immature for his age; e was

30 unable to play alone or with the interviewer. He-wa.s_ver_y anxious not
to be separated from his mother, and his ori.\/ use of language was'to
repeat exactly the words of the interviewer. The lymphocyte assay
showed a 20% decreased response upon the aksence of pynd,pxme, and
an 18% decrease in omission of folic acid which was altered by

35 vitamin 812 omission. The ratio of the response of giycine felative to
that of serine in a medium from which serire, glyvcine,



the sane route while riding in the car. Placed in a class for enotionally
di sturbed youngsters, he was seen by his teacher as 25 perform ng vveLI

bel ow his capability, primarily because of his uncontrollabl e behavi
Psychiatric diagnosis was that of childhood psychotic disorder (i.
auti sm schi zophreni a, pervasive devel opnmert2tisorder) in an other
bright child. During two years of regular psychot her subsequent
i ni ti-ation of parental thera& there were 30 alt:ernating periods of
progessi on and YitagniasBj prando ineeidaverepndited wass 8576 whichddetrespends

phenot hi azi nes él&&&&él fife rd¥ed loBtdihed WRES RARICRYE arlethidagdtigiRQUIh behavi our
control of S @1 Hn%tlon t] nhsghool he I%/ nphocyt es, of the patlent wer e
p the the

tested and fou agls o YBPROGYEE \FEERATSES, E?6’palr?6“e\§‘ﬁ%°(§e’fq cHBnt in
-28- ribofl avi nof eingmid 8, 2quhnpedf rpyghbmdehams meg.nef foli®wid aall gl ut am ne

for maxi malg resﬂgﬂﬂ?&mg g? I?g}a?tti%'xwg%v%{gg t%FuI,'[n iad. \é\n E&‘lgflyyl'e ég‘];{‘ﬁe nexf

ri bofl avin,
four months, 5 Of sthewastaweﬁ wwevv@em‘;tedheﬁdpworhils, her eas plagedeinaveeklyeen

in weekly t her ARWivicRA pBfcHoPRdra edHisnpﬁﬁ?Eésaﬁaseﬂl-}&?tréﬂgrl&Jb?éseﬁe pAst hin
4-6 weeks after,the initiation of the supplenments, S.'s parents not ed t hat

t he phenot hi azi fr¥elRReLLW H?fdaffé%ﬁ“‘fedﬂfﬂy r‘é@iﬁpﬁ‘lswlﬁ tskilBeodie esul ts was
causi ng si de- efdepatasendroml iy merheciwitiedicalet hnﬁ&qesﬁid/ﬁ:ddﬂ&aﬂﬁrkall@y

lzllr]:f:{)ztclt ﬁge th%’é’%ﬁ'ﬂgﬂeg verﬁﬂwg?@é égqngg‘z?eougnéq#aﬁ??pﬂgﬁ \Wad"r"e%/vas not ed
(i.e., he did riénderlying these thangps eﬁ@dpbalrltimelwhwmairptookesszdneametme al so
reported continudb 6%9&?@3&1&3.!!1&1 & sgﬁli'\e}‘:‘fbgfegs %oxﬁ&'%ﬁ@rﬁ%eﬁ' me, S

t herapi st noted ch E“gﬁ?’ % first in be alsomthelevel of
personal ity deWstds as P%f‘!"?enﬁé‘f%l"‘éﬂl REMELIOH B‘ﬁ‘é‘m@ REEFRNing tj at ed, -S.
had exhi bited IséhHut @aseseen normally in infants. S H., tagg :3 WasI (él ﬁgnﬁsed
as atypi caljgorganic brain,sy et ardation ig
60's. He wa2 maint ai neg' h% Qge?Qc i\Nbﬁ?t %Lr‘%ew&erbff“& &% ifAT and Mysol i ne
but was still mﬁwﬂ&@mlenguabomtat&geﬁl@eammumiesafdasItyma.Tatreudn;stmhocyte
response rolling a stick between his hands, avoided eye contact, and when

aroused flapped his arms and hands in a bizarre manner. At home,
he was described as having "retarded comprehension", and his parents
20  felt that they "just can't get through to him'". He became very upset
when anything was changed in his room, had temper tantrums during
which he would bang his head on the floor, and always wanted to take
the same route while riding in thecar. Placed in a class for
emotionaily disturbad youngsters,he. was seen by his teacher as
25 performing well below his cap:-ibiiit&, primarily because of his
uncontrollable behavior. Psychiatric dizgnosis was that of childhood
- psychotic disorder (i.e., aufism, schizophrenia, pervasive development
disorder) in an otherwise bright child. During two years of regular
peychotherapyh i

_ subsequent initiation of parental therapy, there were

P 15

30 alternat’ir}g/peno ¢
cases. ™/ “In ad pkaz othiazines (Stelazine, Mellaril) were employed
to ga-ﬁi enéé&é‘lggg @1 control of S. to function in school.



i ndi cated riboflavin deficiency in the cells, a higher than nornal

requi renent for glutanm ne and an unusual sensitivity to inhibition by ;

gl yci ne al anine. Adm nistration of riboflavin (25 ng. daily) and 25 -
gl ut am Jg. daily) was initiated. At281Q weeks, the type of seizure-
changed {(+9/0f i marily psychonotor and petit mal seizures, and at 16 weeks he
was sei zZyrefree. -29- CLAIMS 1. A cell culture nediumfor
culturing | ynph@&;ﬂﬂm cmd)alsm reguired) Ufigherethans soumalf amousts| of: ghnainine -

dei oni zed wat er . + % g conponents:- a) glucose or a carbohydr atde
which is capablfg el ng c nverted metabolically to gl ucose; b) choline or

a precursor of choSi'sdlietcwasrsupplemeated With 25umsk é’ffeﬁg" r?ilm& chl ori de,

sul phat e, phosphalfioxfd &hd!® gles ammenﬁmssom 18O dexiNfand moness, i ons; d)
a mtogen to stlrrulatetherre bo cac1V|t of tes; and an

am no aci d Ssuppl-eWdhseen ipyes eI2PYs }snBa enty ﬁl'ﬂ? pen, fin, 55
gl ycine, L-hi stiheidpsy, dndi belcentindel i special educdtidn slasses. L Withihi 4+6 ne

L-phenyl al ani ne eelksse{tgpqm Linﬁrb[rtfo%nbfghe lsuk:f'l%megw'ag.' tpa&&tg E{ﬂgt

L-val i ne; and f am ns

sel ected from pdet mmﬂnwaeumcb het had bsenmkmam!ﬂarm c?dfh rzaml desyts
ni cotinic acid, w§§ eRbdi Isme-meefs ﬂenwtyam.:ﬁﬁearwnmémﬁa&a 8 d
r,

buf f er ed, serum ee so |on havj H i e.,qf fro to 7.6.
2. 0 A A inspetadeirien Bexupty dgOucsd phe Aot ALY coweg finally,
contains, as thﬁsddhthﬁeﬂ.ar()velf ttﬁhelme,t norideterioration in his behavnor was.
noted (i.e., he did not r_evert to his premedication behavior). J

teachers also reported continual improvement in his 'b'éhavior. At the -

same time, S.'s therapist noted changes, at first in behavior but
15 also in the level of personality development. Briefly, before the

supplements were initiated, S. had exhibited behavior seen:normally in

infants. | . A

S.H., age 6, was diagnosed as atypical organic brain syndrome

‘with mild mental'retardation, IQ high 60's. He was maintained on
20 therapeutic levels of dilantin and Mysoline but was still '

experiencing about 8 to 10 seizures daily. The lymphocyte response

indicated riboflavin deficiency in the cells, a hlgher than normal

requu'ement for glutamlne and an unusual sens1tmty to inhibition by

glycine and alanine. Administration of riboflavin (25 mg. da.lly) and _
25 glutamine (2 g. daily) was initiated. At 10 weeks, the type of seizure o/

cha.nged to pnmanly psychomotor and petlt mal selzures, and at 16

weeks he was seizure-free.



supplenent pantet henic acid. 3. according to
claiml or claim2, which additionally cont ai ns one or nore stinul atory
gomponen el . adenine or a prejwuu‘"ﬂﬂ,ﬁﬂg"(m?r] and -
pyruvate. 4. A cul ture nmedi um ac of cl ai} ji to
3, which contains an am no acid supplenent in whi ¢h A1'1°arfi no aci d§
one to be tested for, are --30- present %Q concentrations which
m'nimal and do not limt the optimal respohde”of the |ynphocytes. 5.
A cilture nmedium according to any one of clains 1 to 4, which contains an
am no acid suppl ement which is free of og EAgﬁstth of -L-serine and gl ycine
and whi ch contains. a vitanin suppl enent ning one or both of vitamn
[err] and folinic acid. 6. A cul ture nedium according to either

claim1l, orqc¢laim2 which béliréﬁlﬂuréhﬁédﬂ@m for culturingAlghphoéptesdi um
according to any one f cla

suppl ement, al |~ F8RABF EiEEp?ngﬂéf?Be%e ?55?%HP?%? s%r%t£norgﬁ?é?%°nlzed
concentrations mhatbrarefnthenﬁblhudimblchmﬂonamtsk+n1t t he opti nal

response of the |ynphocyfg Sﬁlécose or a caﬁbgﬁ$@fgt9rwﬁf$ﬁrf§néggable
deficiencies or storage I hadequaci es of essent nutrients

i ndi vi dual conpr P§i hgingneenverted metabelically ctoe@lueR®®: any one of
claims 1 to 3, free of the¢ Bﬁéliﬁé'tobeénﬁré@ﬁigdrf@f cHblinéynmphocytes of

the. i ndividual, incubating the ﬁnocul teg urg nedi u or atine
sufficient for depletion® gf agpi ﬁﬁ???gﬁt %%liﬁp?th%ﬂ %3EP%£%% “§ing the
response of the thiphbdel esubphétie, phnosphatel caldium| csxgmesiuh,t he
| yephocytes in potassium, sodium and iron ions;
d) a mitogen to stimulate the metabolic
activity of lymphoeytes; and
e) an amino acid supplement comprising
L-arginine, L-cysteine, L-glutamine, glycine,
L-histidine, L-isoleucine, L-leucine, L-lysine,
L-methionine, y-phenylalanine, L-serine,

L-threonine, L-tryptophan, L-tyrdsine and
L-valine;

and

f) a vitamin supplement comprising one or more
vitamins selected from pantothenic acid, biotin,
folinic aeid, nicotinamide or nicotinic acid,

riboflavin, thiamin, vitamin BG and vitamin B12;

said buffered, serum-free solution having a pH
in the range of from 6.8 to 7.6.

) u&l: .
y, A culture medium according to any one of claims
1 to 3, which contains an amino acid supplement in

"which all amino acids, except one to be tested for, are



t he sanme nmedi um suppl enented with the nutrient BETﬁG‘tesfed-_ﬂ_____ A
nmet hod of det.erm ni ng abnornmal quantitative nut reqU|renents for
specific required nutrients in an individual co aﬂﬂ ng acell -

cufture um of any one of clainms 1 to 3, with

I ndivid the culture nmediumhaving limting concentrat|0n§ of the

efng tested, incubating the i3cul ated cell culture nmedium and
aring the response of the |ynphocytes with an average response-
of lI'ynphocytes froma control group of individuals. 10. A et hed
of det erni ni ng premssit Jirt wrwemaatmna ahdich @nfminieakiand (4 tRObr

i mbal ances of Quif;ieHry Jﬁ{ti?aql irfe PN TRIY AHRS %ﬂ&@gegroducts and

ot her bl ood conponents I N unnatural ones, such as drugs r|5|ng,
i nocul ati ®g, with | yrrpffoc%)-’c]éé-"'(ﬁ medd um dosanging e any Qne Lﬂfe _
according to any tQ:nﬂl OfwrilcH rabntati@nsB,arsmrﬂrmw wdﬂlaﬁedteaatic'tne of

the nutrients, bol i c. i nterme 0 er bl ood
conmponent s at z}sc FESHatd%n © é'qg’aﬂ B"ﬁie":e i ¢ ci%)c{(;d | evel s,

or drug at a plwmitmn@dntcaalda/ aamﬂba@ﬂm\ﬁeipplqmnfatdmamlimmﬁ ard cel |
cul ture medi UMy CHTRAIIA i baRPIVILMAe Whad yrphocytes wiih the

response of the ocytes In lum free of t he sup Ienented nutrients,
met abol i cﬁproduct or otﬂﬁ@fultﬂ‘{f@d%ﬁ'@néﬁcqr n&itRy & #13iP the case
of a required geRARSM DOfwrHikh T¥difEe 0T aHBAdirne) contai ning the m ni nal
‘anount of7the required Com%yaag:medium according to any one of claims =
1 to 3, wherein, in_the inorganic ion supplement all
ions, except one to be tested for, are present in
concentrations which are minimal and which do not limit
the optimal response of the lymphocytes.
8. A'method of determining deficiencies or storage

inadequacies of essential'nutrients in an individual

comprising,
inoculating a cell culture medium of any one of

claims 1 to 3, free of the nutrient being tested for,

with lymphocytes of the. individual,
incubating the inoculated cell culture medium

for a time sufficient. for depletion of the nutrient

being tested, and : : _ U
comparing the response of the lymphocytes of

the individual with a response of the lymphocytes in

the same medium supplemented with the nutrient being

tested.

9. A method of determining abnormal quantitative
nutritional requirements for specific required
nutrients in an individual comprising,: _
_ inoculating a cell culture medium of any one of
claims 1 to 3, with lymphoeytes of the individual

the culture medium having: limiting
concentrations of the nutrient beingrtested,

incubating the inoculated cell culture medium,
and



éiiciting a maxi mal response of the ceIIs'_ii‘“““““*——ﬁrnethod of

determ ni ng deficiencies or abnornal storag nut.ri ent s &
net abol i ¢ i ntermedi at es of ‘&an ‘i ndi vi dual . m,uﬂmmwmg ati ng /Ll
cul ture nedi um of any one of - clains * eontad s
antagoni st of the tabolic intermediate or its product at a concen -1 on
sufficient to cause a defined [err] respgnse, the inoculated cell culture
medi um ng the response of the cells at different:concentrations of
nutnggnt met abolic internediate or the product being tested with anal ogous
- 32 - responses of cell sonphaingdtheomeapoantr of gheupymphoagtesduwatn. 12.
A net hod of deter I dya t n

suppl ement s of egseﬁtlaﬁgglggﬁgﬁgéélgy Fg&ﬁeagg%éé E?Q@helggthQ gsoup
usual Iy synt hesi 2€dindixddyaase anounts by nost individuals, conpr|3|ng

i nocul atingqg cell CU'tUhemQEHbH"bedéB¥rﬁ@ﬁiﬂé Sbﬁbﬂ§i¢1€933ofsaﬁp|enented
with at | east one of the essenti al bioc en1§%ﬁFBnterned|aLes or roducts of

“a group of such bpdiMéAvadl tPnferrigeatald QueF s1RPRAANGRBN Eytes of
the individual, haevihentsy mbeabobiol ahtdrmetiiatekt ane thdinnpraddcts
conparing the re n y ' e

| ynphocyt es cultéggdgﬁﬁgg éﬁﬁfb ggﬂﬁﬁﬁéﬁgsﬁ%hglhggu% ??g%éﬁ %hénggéentlal
bi ochem cal intesuehi asedvngsheco®bpsdn8such bi ochemni cal intermedi ates or

their products. 13. inocufaBBhROOwiOh UphBhBLHLES bhetgéfectiveness of
_ individual, a cell culture medium according to any
N one of claims 1 to 3, supplemented with at least one

of the nutrients, metabolic intermediates and their
products, or other blood components at a

concentration equal to or higher than normal blood
levels, or drug at a pharmaceutically active level,

' incubating the inoculated cell culture medium
and comparing the response of the lymphocytes with the
response of the lymphocytes in a medium free of the
supplemented nutrients, metabolic product or other
blood component inecluding drugs or in the case of a
required component of the medium, in a medium
containing the minimal amount of the required component

. _elicitihg a maximal response of the cells.
ot 11. ' A method of determining deficiencies or
abnormal storage of essential nutrients or metabolic
intermediates of an individual comprising,
inoculating a cell culture medium of "any one of

1% response,
g the inoculated cell culture medium,

different-eoncentrations of nutrient metabolic
intermediate or the product being tested with analogous



glycolysis in an individual conprising, inoculating a.culture medi um
according to any one of clainms 1 to 7, free of pyruvate, with | ynphocytes
Q he individual, incubating the inocul ated culture medi um ,and conparing
response of the |ynphocytes with the response of the | ynphocytes °
ured in a simlar culture nmedium but containing pyruvate as a
ermnation of the ability of the indjvidual to netabolize glucose. 14.
A mgthod of determining the ability of an individual to synthesize one of._
i nositol and choline conprising, culturing cells in a culture medium oo
according to apyspomsels JMidELls lobtainddedraim eneditiddridlp asrd chol i ne,
I nocul at ed mﬁtg I ﬁoc tes of the individual, and - 33 - conparing the
response of th “Fégﬁ 6@§f%s with the response of |ynphocytes cultured in a
simlar caRture nedi umibuetdmd xifhidederoimiingodin @n drmd iohidualke tde a
determ nation Il 41 aXs (VA I SIS i nositol or
chol i ne. 15. m"t&‘q%i%&lar%e%eoegi oég}gti‘@?n]i\ér#?\ﬁst tr?g }gsﬁt Ity acz)](fe an i ndi vi dual
to synthesi ze pdpchedicgdprinsianpeddatias iofg theirs aneducts |usuakid e medi um
according to aRynehRsiized dAnTadeduate amoR@tef bUmIMS. iddBathard wWith
| ynphocytes of the individual, and conparing the response of the
| ynphocyt es wi CREPRSS onse of |ynphocytes cultured in a sinlar culture
medi umin the presence imwdulating aboeldeé cull tprecmesting off @ny roese ofh t he
presence and i ahksence, of [se i L. aMyNS. o +F A
met hod of det e?%ﬂ&%ﬁﬁ qt ﬁe% §di Isl"ﬁ{}qc?g egn%idnﬁ 1:}ﬁdt&a '15%%Sytrlrp%1noecy%festqeo
synt hesi ze sti g8sgndipl biochemical intermediates or products of a

=z

group of such biochemical intermediates or products "~/

with lymphocytes of the individual,
incubating the inoculated cell culture medium,
and ' ' '
comparing the response of the lymphocytes with
the response of the lymphocytes cultured in a similar
culture medium but free of the essential biochemical
intermediate or the group of such biochemical
intermediates or their products. -
13. " A method for determining the effectiveness of
glycolysis in an individual comprising,
inoculating a culture medium according to any
one of_claims'1 to 7, free of'pyruvate, with'lymphocytes
of the individual,
incubating the inoculated culture medium, and
- comparing the response of the lymphocytes with
the response of the lymphocytes cultured in a similar
culture medium but containing pyruvate as a determination
of the ability of the individual to metabolize glucose.

14, A method of determining the ability of an
individual to synthesize one of inositol and choline
comprising, h ' o

culturing cells in a cultdrg médiﬁm,ééébrding
to any one of claims 1 to 7, free of one of inositol
and choline, inoculated with lymphOcyteS'df the
individual, and '



conponents conprising, inoculating a cell c ing to any
one of claims 1 to 7, free of.a stimilatory g Fmﬁ[jound W th and mﬁthout

addi tions of their precursdrs and vitamns i m ! ﬂl hesis, =
i ncubating the inoculated cell culture nediu he respo
of the |ynphocytes with the response of the Iynphocytes cultured I n
simlar culture nmedium but containing effs tive anounts of the stinu

nt, as a determnation of the ability of e'individual to synthesize the
stiﬂubatory conmponent. 17. A method of determining the ability of an

i ndi vi dual to replace 9'“%9&?aWHE§ QthEeQ§BH§QYG?aEﬁ§ g?ﬁBhbé&%gs aekhur'n

| ynphocytes of the_ individ ture nedi um accor to any one of
ciains 1 to 7, inbREi EESROBELHOHY dYRPBOBYLRS FB%FEHerlﬁuBsFFF&ﬂéé fyiture.
34 - or partial | ymedaai butedohsaigingoserhandosespar ang theliaspassa of

: d..n. Lmil .
cul tur e et um bubraPARARRER ph sbE RPEREE pRe bl Epr B RudL bengurspesize
18. A netinogisplderechoding.the ability of an individual to

synthesi ze aysl east one o B@thoefoelusbaﬁméaingeaheeasefgegsb?ga culturing
a culture nedlun1a0ﬁ3 g aim 0 ein |V|dum

c
t he medi um cont ai AP a§P BMQtBPsESthﬂerSPlﬁPEPQEFHnénd vi tam n
[err] and free of at Ieascumnarmngbcemlsfiglaccemlaedleerenmedaﬁﬂ conpari ng

e STOTSY 2l | BSNRHR Kbe Ry, thel BP EIRRARCS, B0, 1) ARV DESpEHL e
t kese inoculated with lymphocytes of the individual, and
~ comparing the response of the lymphocytes with
the response of lymphocytes cultured in a similar culture
medium in the presence and in the absence of precursors of
purines, in the presence and in the absence of one or
- more B vitamins. |
16. A method of determining the ability of an
individual's lymphocytes to synthesize stimulatory
components comprising,
inoculating a cell culture medium according to
any one of claims 1 to 7, free of a stimulatory
compound with and without additions of their precursors
and vitamins involved in biosynthesis,
¢ incubating the inoculated cell culture medium,
and
comparing the response of the lymphocytes with
the response of the lymphocytes cultured in a similar
culture medium but containing effective amounts of the

stimulat-»:< ent, as a determination of the ability
of the 4 - \-,synthesize the stimulatory component.,
17. F\A me¢ gEﬁf\actermining the ability of an

indivﬁa,alrgﬁfreplacrsglucose with other carbohydrates
comprisid@”ﬁﬂ&b uﬁ_;'

SIRERPDLE
culturingﬁiymphocytes of the individual in a
culture medi@mlgg ording to any one of claims 1 to 7,

in which a carbohydrate being tested is substituted for



am no acids and vitam ns. 19. A net hod of "determining insulin

i nsufficiency in an individual conprising, cultoringtynmphescytes of the
By one of clainms 1 to -

i ndividual in a cell culture nedium according
e

cont ai ni ng gl ucose, and conparing the response
re nse of |ynphocytes cultured in ad§|n1lar cont ai ni ng
i Yin thereby effecting an increas® ?eEponse as an indicati'on of whet her
theke is such an insulin deficiency or abnormal insulin response in the -

i ndi vi dual . 20. . A e den nutritional factors or~ud

bi ocheni cal i R%erRRftRE ymﬁ?%ﬁggb %%ngggd%¥yg%%ﬁfa? éffects of nutrients,

bi ochemi cal internedi atemsparingethe presponse afidtbehdymphocdtesnponent s

| ncl udi ng drugs,d lr&ég&%wgé%fum 44 ol P aHEY gﬁtal geRyghref fects

conprising, inocu cu ture di um accor fo any one of
claims 1 to'7cuiﬁﬂ%#rW%©i%ﬂ P%ﬁs@°%ﬁﬁ§%ﬁ"$h%lﬁﬁP?FeHi hoytotReni ca

I nt er medi ates gubggfmh@gscgwbohydﬁﬁtepther bIood conponents |nclud|ng drugs

at a concgntration havj det nt al ef ect onse,
i ncubat i n t he |noculaééﬂe€%?$ ﬂtg$ oo Rt B?}ﬁgyrg p8 se of the
| ynphocyt es vmiﬁui*&ﬂua&pbmsswuﬁhégh@momytksasUIoaeedrlboahsoﬁ1Iar cul ture

medi um but su%)if%?%#\n% fnéo&lgﬁrf);jbﬁ%e subst ance suspected to affect

the detri ment nut ri them cal internediate or |ts

product or ot her m(xxPQkﬁﬂK#ﬁﬁna|¢RQQRF?EF?¢ENGr%3°B§¢ﬁ§8tEgtééalm ’
with lymphocytes of the individual, the medium containlng N

at least one or both_of_folinic acid and vitamin 86 and - (")
free of at least one or both of glycine and serine, and
comparing the response of the lymphocytes with
the response of lymphocytes cultured in a simiiar culture
medium dbut contéining the nutrient supplements'of-these
amino acids and vitamins.
19. ' A method of determining insulin insufficiency
in an individual comprising,
culturing lymphocytés_of the individual in a
cell culture medium according to any one of claims 1 to
7 containing glucose, and
comparing the response of the lymphocytes
with the response of 1ymphocytes cultured in a similar
culture medium but cbntainins insulin thereby_
~ effecting an increased response as an indication of
whether there is such an insulin déficiency or abnormal
: insulin response in the individual.
20. A method of identifying nutritional factors or
| biochemical intermediates which-overcomes detrimental
effects of nutrients, biochgmical 1ntermediétes or
their products, and other blood components including
drugs in an individual sensitive to such detrimental
effects comprising,
inoculating a cell culture medium according to
any one of claims 1 to 7, containing at least one of
the nutrients, biochemical 1ntebmediétes or products or
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other blood cdmponents including drugs at a
concentration having a detrimental effect on the cell
response, '

incubating the inoculated cell medium, and

comparing the response of the lymphocytes with
the response of lymphocytes cultured in a similar
culture medium but supplemented with a source of the
substance suspected to affect the detrimental effect of
the nutrient, biochemical intermediate or its product '
or other blood component including the drug being
tested.




