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hibition produced by the racemic mixture was
traced to an isoleucine deficiency resulting
from inclusion of DZI-isoleucine, which was
actually a mixture of all 4 isomers, thus ef-
fectively diluting the active isomer. Substi-
tution of L-isoleucine or a mixture of L- and
D allo-isoleucine for the racemic compound
in the DL mixture entirely overcame inhibi-
tion and produced growth comparable to that
obtained with L-amino acids. The experi-
ments provide evidence that D-amino acids
can be effectively used as source of nitrogen
for biosynthesis of non-essential amino acids.

1. Rechcigl, M., Jr., Loosli, J. K., Williams, H. H,,
J. Nutrition, 1957, v63, 177.

2. Rechcigl, M., Jr., Kwong, E., Barnes, R. H..
Williams, H. H., Proc. Soc. Exp. Bror. axp Mebp.,
1959, v101, 342.

Cholesterol Estimation on Unmeasured Drops of Whole Blood.*

CHOLESTEROL IN UNMEASURED Broop Drops

3. Frost, D. V., in Protein and Amino Acid Nu-
trition, Albanese, A. A., Ed., Academic Press, N. Y.
and London, 1959, p225.

4. Rechcigl, M., Jr., Leosli, J. K., Williams, H. H.,
J. Biol. Chem., 1958, v231, 829,

5. Greenstein, J. P., Levintow, L., Baker, C. G,
White, J., ibid., 1951, v188, 647.

6. Wretlind, K. A. J., Acta physiol. Scand., 1956,
v36, 119.

7. Harper, A. E., Bentcn, D. A,, Elvehjem, C. A,,
Arch. Biochem. Biophys., 1955, v57, 1.

8. Van Pilsum, J. F., Berg, C. P., J. Biol. Chem.,
1950, v183, 279.

9. Berg, C. P., in Protein and Amino Acid Nu-
trition, Albanese, A. A, Ed., Academic Press, N. Y.
and London, 1959, p57.

10. Phillips, W. A, Berg, C. P., J. Nutrition, 1954,
'V'SS, 481,

Received March 7, 1960. P.S.E.B.M., 1960, v1i04.

(25871)

AncEL KEgys, Mario Mancinit anp JoserH T. ANDERSON
Lab of Physiological Hygiene, University of Minnesota School of Public Health, Minneapolis

Risk of future coronary heart disease in
middle-aged men is related to concentration of
cholesterol in serum measured in apparent
health(1,2,3). Accordingly, blood cholesterol
measurement is indicated, both in research
programs to define relationships more pre-
cisely in populations, and in screening and
possible preventive programs. Measurement
of serum cholesterol is readily made though
reports from routine laboratories indicate the
need for control(4). But practical require-
ments limit wide application of cholesterol
measurements to scattered populations and
insurance applicants. Complications of stor-
ing and transporting liquid serum may be
avoided by drying a measured amount (0.1
ml) of serum on filter paper, in which choles-
terol may accurately be estimated at leisure
in another laboratory(5). This requires
drawing blood, separating and accurately
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measuring serum onto paper. These seem-
ingly unexacting requirements are not readily
met everywhere and, in fact, impede programs
involving cooperation of general practitioners
or untrained assistants. To simplify the pro-
cedure we studied what may be done with a
few drops of finger tip blood, collected on fil-
ter paper. The result is a method, adequate
for many screening and epidemiological pur-
poses, that makes only trivial demand except
at a distant analytical laboratory. Proceed-
ing from the knowledge that drops of serum
on filter paper, dried in room air for an hour
or 2, may be successfully analyzed for choles-
terol months later, trials were made with
whole blood; this proved to be stable. The
question, then, was to estimate amount of
blood used when no measurement is made at
time of drawing. Advantage may be taken of
the relative constancy in whole blood, except
in persons with frank anemia or polycythe-
mia, of concentration of iron, sodium or sim-
ply the solids.

Method. Discs of filter paper 4.25 cm di-
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ameter are used (Whatman No. 1 or No. 42
if iron is to be measured). They should be
handled with forceps. If whole blood solids
are the point of reference, discs are brushed,
numbered, dried in vacuum desiccator at least
6 hours, and weighed to 0.1 mg, taking pre-
cautions to prevent or correct for moisture ab-
sorption after removal from desiccator. We
used a micro-torsion balance in dry chamber
under slight positive pressure of specially
dried nitrogen, manipulation made with rub-
ber gauntlets let into wall of chamber. After
weighing, discs are transferred to individual
glassine envelopes for mailing or storage. Fin-
ger tip is cleaned with alcohol and, when dry,
is pricked, allow drops of blood to dribble
onto filter paper held with hemostat, then
hung by finger loops of hemostat in room air.
When paper appears dry (usually 1 to 2
hours) it is returned to glassine envelope and
ready for mailing. If either iron or sodium
are to be used, weighings are unnecessary.
Analysis may be carried out after blood is col-
lected, no refrigeration is required. The pa-
per is removed (forceps) from envelope and
again dried and weighed. Cholesterol analy-
sis follows same procedure(5). This involves
treatment of paper and blood with alcoholic
KOH, extraction with petroleum ether, evap-
oration of ether extract and development of
color with Liebermann-Burchard reagent(6).
If iron is to be determined, water and alcohol
remaining with residue after petroleum ether
extraction are driven off by heat and stream
of air. Iron is determined according to
method of Snell and Snell(7).

Results. Dried whole blood vs. serum.
The first series of experiments utilized blood
from arm vein from 38 men to provide a wide
range of serum cholesterol values. No obvi-
ous cases of marked anemia or liver disease
were included but the series was not specially
screened and included patients with coronary
heart disease. Immediately after drawing
blood, portions (0.1 ml) were placed on
weighed filter paper discs, hematocrit and
hemoglobin values were obtained and serum
separated for analysis by our version(5)
of the method of Abell, et al.(6), and
also used to measure cholesterol in fresh
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TABLE I. Regression Obtained with 38 Blood
Samples Covering Ranges 135 to 318 mg Choles-
terol/100 ml Serum, Hematocrit Values of 43.6 to
54.1%, and Hemoglobin Values of 13.5 to 17.2

g/100 ml.
Equation S.D.

1. Hb—= 5.81Fe4 174 .58
2. Ve =16.1 Fe -+ 12.6 2.04
3. W =216C+ 10.1 8.00
4. Y —=389C - 845 18.1
5 Y —432C4 5.04Ve -368 13.6
6. Y —=4420C+4 173 Hb-386 12.9
7. Y —=405C+ 828 Fe —-282 162

C
8. Y =711 ( ——~> -24.1 19.5

Fe
9. Y., =Y, 5 %

* Stand. error of measurement.

Abbreviations: Y — cholesterol, mg/100 ml fresh
serum. W — cholesterol, mg/100 ml whole blood.
C = cholesterol, mg/mg dried whole blood solid.
Fe — iron, mg/mg dried whole blood solid. Hb =
hemoglobin, g/100 ml fresh whole blood. Ve =
hematoerit, ml/100 ml fresh whole blood. S.D. =—
stand. dev. from regression, same units as of pre-
dicted item (left hand of equation).
whole blood. Paper discs were reweighed
after drying and, following a few days of stor-
age at ordinary room temperature, were ana-
lyzed for cholesterol, as indicated above, and
for iron.

Table I summarizes results in terms of re-
gression equations obtained by least squares
and standard deviations from regression. Re-
sults show that concentration of cholesterol
in mg/100 ml of fresh serum can be estimated
from cholesterol/unit weight of dried whole
blood solid by means of equation No. 4,
standard deviation from regression being 18.1
mg/100 ml, or 7.6% of mean of 238.8 mg/100
ml in these 38 samples. As expected, hemo-
globin, hematocrit and iron weight/unit
weight of dried whole blood are closely re-
lated. Since cholesterol concentration/unit of
cell volume is remarkably constant(8), inclu-
sion of some measure of cell volume in an es-
timating equation should improve estimation
by correcting for variability in hematocrit.
S. D. values associated with multiple regres-
sion equations No. 5, 6, and 7 show this,
though improvement gained by adding Fe
data (with S.D. = 16.2) is not great as com-
pared with prediction omitting this (S.D. =
18.1).

Equation No. 8 is least squares regression
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equation for estimation of serum cholesterol
from ratio of cholesterol to iron in dried whole
blood. The standard deviation of 19.5 mg
cholesterol /100 ml of serum for the difference
between observed and predicted values is
larger than in estimation from cholesterol -
unit of whale blood solid (equation No. 4)
and suggests that iron as sole reference point
is less satisfactory than blood solids.

Results with equations 4 through 8 may be
compared with equation 9 which indicates av-
erage standard error of measurement when
duplicate analyses are made with the stand-
ard method of aliquots of the same serum.
But, as shown below, the standard error of
measurement in equation No. 9 gives a false
impression of reliability of single serum cho-
lesterol measurement in estimation of the
true mean value of the individual.

Estimation from finger tip blood. The fore-
going refers to blood drawn from arm vein by
syringe. A new series of 93 men was studied
to discover relationship between cholesterol
concentration in arm vein blood serum and
that per unit weight of whole blood solids
dried on filter paper, using first 3 to 5 drops
of finger tip blood. As before, men included
coronary patients as well as men ostensibly
healthy or with only minor complaints: ages
ranged from 20 to 65, mean — 53 years. Di-
rectly measured serum values ranged from
117 to 423 mg/100 ml, mean — 210.6, and
these were obtained independently by differ-
ent technicians than those who worked with
dried whole blood.

The coefficient of correlation between cho-
lesterol concentration directly measured in
serum (mg/100 ml) and that measured in
dried spots (mg/g of solid) was r — 0.892 in
this series and the regression equation was ob-

tained by least squares: 10. Y = 31.6 X -50

where Y is predicted cholesterol in mg/100
ml of serum and X is that in spots, mg/g of
solids. Standard error of measurement, con-
sidering observed and predicted values of se-
rum cholesterol as 2 measurements of the
same item and computing S.E.M. as usual in
that situation (S.EM.? — 3A%/2N), gave
SEM. = =+ 15.6 mg/100 ml.
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FIG. 1. Observed serum cholesterol measured in

arm vein blood plotted against value predieted
from ratio of cholesterol to whole blood solids,
using the least squares equation (No. 10). O = 93
samples used in derivation of equation No. 10.
+ = subsequent trials with other men.

FIG. 2. Same as Fig. 1 but predieted values were
obtained by use of the theoretical equation No. 11a.

Fig. 1 shows serum cholesterol values ob-
served and predicted from equation 10 in this
series of 93 samples plus 31 samples analyzed
later and not included in derivation of equa-
tion No. 10.

Prediction equation from theory. A theo-
retical equation for prediction of serum cho-
lesterol from cholesterol/unit weight of dried
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whole blood can be derived: Let C be con-
centration of cholesterol in mg/100 ml, with
subscripts p, ¢, and w representing serum (or
plasma), cells, and whole blood respectively.
Let S be weight of solids in g/100 ml, with
subscripts as above. Now, if H is hematocrit,
ml of cells/ml of whole blood, we have: Cy, =
HC. + (1-H)C,, and Sy = HS. 4 (1-H)S,.
Accordingly, concentration of cholesterol
in mg/g of whole blood solids will be:
Cw HC. 4+ (1-H)C,
Sy HS.+ (1-H)S,
centration of cholesterol in mg/100 ml of

, from which con-

s 1L C = ( . +5S )
serum is, . Cp = — R -
p S, _H p
HC. . ,
I-H This corresponds to regression equa-

~

tion: C,—=a-}+b (S/

w

, where a = —(HC.)/

(1-H) and b = (HS,)/(1-H) + S,. We
found C. = 137 mg/100 ml with great con-
stancy in human blood(8) so coefficient a
may be computed for various values of the
hematocrit, H. Computation of coefficient b
requires estimates of concentration of solids
in serum (S,) and in cells (S.). Ranges of
these variables to cover 95% of bloods of
adults are (9): S, = 7.9 to 9.1, S, = 34 to
39. Mid-points of these ranges, 8.5 and 36.5,
respectively, correspond closely to our own
findings for medians for adult men aged 20 to
65. Using these values, coefficient b may
also be computed for various levels of hema-
tocrit.

In our series of 93 samples to obtain equa-
tion No. 10 the hematocrits are not known
but mean value may be estimated from equa-
tion 11 since we have directly measured mean
Cp = 210.6 from which H — 0.46 ml cells/
1 ml of whole blood and the numerical solution
of equation No. 12 is: 11a. C, = 39.6 Cy/Sy
— 117. When equation 11a is applied to the
data from the 93 samples the difference be-
tween means of observed and estimated serum
cholesterol values is 0.26 mg/100 ml, and
S.EM. == 17.5. Observed and predicted val-
ues are shown in Fig. 2. This theoretical es-
timating equation is almost as good for pre-
diction as the empirical least squares solution,
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TABLE II. Repeatability and Validity of Esti-

mated Serum Cholesterol from Cholesterol per Unit

Weight of Whole Blood Solids. All values in mg of
cholesterol per 100 ml of serum.

(8.EM.)* = S A%/2N.

Direetly measured serum, mean 199.5
BEstimated trom whole blood, sample 1 197.3
Idem T2 200.2
S.E.M. between samples of whole blood +10.8

” " direct and whole blood esti- =+15.3

mate

in spite of superficial difference between co-
efficients.

Repeated finger tip punctures. It is not
suitable to take duplicate samples from the
same finger prick unless an undesirably deep
puncture is made. After taking first few
drops as sample No. 1. a second sample re-
quires “milking” the finger with resulting in-
creased variability and lower average choles-
terol concentration/unit of blood solids,
presumably because of dilution with tissue
fluid. Accordingly, comparisons were made
between findings on bloods from 2 separate
finger tip punctures on each of 13 men. An
arm vein sample was obtained at about the
same time. Data are summarized in Table
I1, serum cholesterol estimates from finger tip
bloods being made by equation No. 10.
Standard error of measurement, direct serum
cholesterol vs. estimate from cholesterol/unit
whole blood solids was =+ 15.3 mg/100 ml.
This agrees with corresponding value for the
93 sets of data used to obtain equation 10
(SEM. = +15.6). S.EM. for serum cho-
lesterol values estimated from dried whole
blood sample 1 vs. 2 was =10.8 mg/100 ml
and represents method error plus biological
variation between bloods from different fin-
gers punctured 10 minutes apart.

Discussion.  Theoretically, estimation of
serum cholesterol concentration from ratio of
cholesterol to sodium in dried whole blood
may be better than with whole blood as refer-
ence. The 95% range in normal man is only
from 132 to 144 meq of sodium per liter of
plasma, the average for blood cells is about
18 meq per liter of cells(9). Work on the
method with sodium is in progress.

In screening and in epidemiological studies
a major purpose for estimating cholesterol in
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TABLE III. Intra-individual Variation in Serum Cholesterol Coneentration, mg/100 ml. ¢‘No.
pairs’’ — number of men except in series 2 where a total of 110 men provided 834 pairs of ob-
servations, each 1 to 2 weeks apart, over period of 3 years.
(S.EAL)* = 3 A%/2N, where N = No, of pairs,
Chol.,, mg/100 ml
Series Interval Diet, ete. Age No. pairs Mean S.EM.
1 1-2 wk Fixed 20-29 38 209.7 12.0
2 ” 35-60 834 228.2 11.5
3 1yr ad lib 20-20 100 175.8 18.2
4 ” 55-0+4 100 23.4.9 20.1

the blood is its possible use to identify risk
of future coronary heart disease. In the
Framingham Study of U.S. Public Health
Service a cutting point of 260 mg of choles-
terol per 100 ml was used(2). From a fol-
low-up of 4 years it was reported that men
with single sample values above 260 subse-
quently suffered 2.9 times the rate of new
coronary disease experienced by men with
cholesterol values under 260. In the Albany
Study of N. Y. State Dept. of Health(3) a
cutting point of 275 mg/100 ml was used.
Men above that level had a coronary attack
rate 3.4 times greater than men below that
level. Both Albany and the Framingham
data provide valid estimates of prognostic sig-
nificance of single cholesterol measurements
but they must be gross under-estimates of sig-
nificance of true mean values. This follows
from a consideration of intra-individual vari-
ability.

Table III summarizes data on intra-in-
dividual variability in serum cholesterol.
Series 1 and 2(10) refer to samplings 1 to
2 weeks apart from men maintained through-
out in a constant state with regard to amount
and composition of diet, exercise, recreation
and environment. Series 3 and 4 refer to
samplings just one year apart (same season),
from men of settled habits and occupation in
same state of health (clinically healthy). and
metabolic state (resting, fasting), on 2 occa-
sions. Values in Series 3 and 4 must be un-
der-estimates of average intra-individual vari-
ability in ordinary life over a period of one
year.

For men living ordinary lives intra-individ-
ual variability over any appreciable period of
time, in the directly measured serum choles-
terol, is larger than same-day variability be-

tween estimate from finger tip whole blood
and measured arm vein serum cholesterol.
Besides suggesting that the dried blood esti-
mate is relatively good, these data are im-
portant in evaluating such material as from
Framingham and Albany. Since single blood
samples are imperfect indicators of true mean
cholesterol values of individuals, any classi-
fication of men above and below any cutting
point on the basis of single blood samples will
misclassify some men in regard to their true
mean values. From distribution of individ-
ual (single sample) values in a group, and
data as in Table III, frequency of misclassi-
fication above and below any selected cutting
point may be estimated.

Elsewhere mathematical theory and ap-
plication will be presented. Here it is enough
to state that such analysis of Framingham
and Albany data indicates that true individual
mean values of serum cholesterol must show
some 60 to 80% better separation of high risk
from low risk men than reported.

Considerations of intra-individual variabil-
ity indicate: 1) Real significance of serum
cholesterol level as predictor of risk of cor-
onary heart disease has been under-estimated
in analyses reported heretofore. 2) Much im-
provement in reliability for prognosis of
cholesterol measurements will be gained from
a series of bloods taken from each individual
at different times.

Summary. A method is presented for esti-
mation of serum total cholesterol concentra-
tion from concentration of cholesterol/unit
of whole blood solids, using a few unmeasured
drops of finger tip blood dried in room air
on filter paper. Prolonged storage at ordi-
nary temperatures may elapse before analy-
sis. In 124 sets of comparisons between se-
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rum from arm vein and dried finger tip blood,
standard error of measurement was —+ 15.5
mg cholesterol/100 ml serum. This is com-
parable to intra-individual variability in di-
rect serum measurement of blood samples
drawn a few days apart and is smaller than
variability between serum values in casual
bloods drawn at longer intervals. Signifi-
cance of blood cholesterol level in prediction
of risk from coronary heart disease has been
under-estimated in previous studies.

1. Technical Group and Committee on Lipoproteins
and Atherosclerosis, Circulation, 1956, v14 (no. 4,
part 2), 691.

2. Dawber, T. R., Moore, ¥. E,, Mann, G. V,,
Am. J. Pub. Health, 1957, v47 (no. 4, part 2), 4.

3. Doyle, J. T, Heslin, A. S, Hilleboe, H. E,,

457

Formel, P. F,, Korns, R. F., ibid., 1957, v47, 25.

4. Rivin, A. V., Yoshino, J., Shickman, M., Schjeide,
O.A,J. Am. Med. Assn., 1958, v166, 2108.

5. Anderson, J. T., Keys, A, Clin. Chem., 1956,
v2, 145.

6. Abell, L. L., Levy, B. B., Brodie, B. B., Kendall,
F. E, J. Biol. Chem., 1952, v195, 357.

7. Snell, F. D, Snell, C. T., Colorimetric Methods
of Analysis, Van Nestrand, New Yerk, 1959, 3rd Ed
v2, pp279-337.

8. Mancini, M., Keys, A., Proc. Soc. Exp. Bror.
AND MED., 1960, in press.

9. Albritton, E. C., editor, Standard Values in
Blood, A. F. Tech. Report, No. 6039, Dayton, O.,
1951.

10. Keys, A., Anderson, J. T., Grande, F., Lancet,
1957, vii, 959.

Received March 11, 1960. P.S.E.B.M,, 1960, v104.

Erythropoietic Recovery Measured by Fe;q Uptake in Irradiated Mice

Protected with Bone Marrow.*

(25872)

E. A. MiranD, J. G. Horrman anp T. C. PRENTICE
Roswell Park Memorial Inst., and Physics Dept., University of Buffalo, N. V.

Lethal effect of whole body irradiation of
mice and other mammals(1,2) is offset by in-
travenous grafting of nonirradiated bone mar-
row which may be isologous, homologous, or
heterologous. It is believed that the intro-
duced marrow cells proliferate and provide re-
covery by cellular repopulation or by elab-
orating some humoral substance which stimu-
lates recovery of indigenous marrow. It is
possible too, that transfused marrow plays a
beneficial, transitory function pending recov-
ery of indigenous marrow. Survival of animal
after lethal doses of radiation depends on time
of hemopoietic recovery. This has been meas-
ured in mice by recovery of the count of cir-
culating lymphocytes and granulocytes and
by recovery of hemoglobin concentration and
platelet count. Recovery of hemoglobin con-
centration is not a satisfactory index of re-

* This study supported by grants from U. S.
Atomic Energy Comm., and U. S. Public Health
Service. Appreciation is extended to the following
Summer Fellows: William Zenosky, Douglas King
and Susan Getman.

covery because it is cbscured by the slow
downward trend of circulating survivor cells
over a period of 12 to 16 days after radiation
(4). Odell and Caldwell(5) found donor
type erythrocytes in irradiated rats in signifi-
cant numbers only after 14 to 20 days. To
examine quickly the recovery of erythropoie-
sis we used the Fesy uptake method(6) and
find that recovery begins after third day post-
radiation and is discernible by sixth day when
isologous cells are administered. Moreover,
responses elicited by homologous and heter-
ologous cells are measurably different from
one another and from the isologous case by
sixth day. The method appears to distinguish
the 3 genetically different cell types by the
induced Fejy uptake.

Methods and materials. ICR/Ha Swiss
male mice, 6 weeks old weighing 20-25 g were
irradiated at target distance of 30 cm, 250 kv,
filter 24 mm Cu plus 1 mm Al, with a dose of
900 R. Survival was 50% at 6 days and 0%
at 12 days. Protection was given with
isologous bone marrow from 6-week-old cou-



