-z S S o S S
,UQ\L @J(&S@% @3\(@3% & Le
oY ‘ o ”‘Ttlfilf 'T
o N . /:, ’;,- % J‘ JIWQ‘WL‘
}@\ ;' LW.@@

‘;,»»' = \\}A_ﬂv — o ‘\ & \x_,__/.’,d
£ *QD}(])\ Q&,
"::«{3 Q\_«_J ’

,,w/c;(, ; lian @8&) D[L ﬁ_}u}{\w
@}@%@ ;> C % f} "r‘“'f’é- X

; & DK @3}%}( L 3@&\}@\1@1 (“‘“\} @«ﬁ = @ =

* '-r:‘,@gﬁarnems b Oaxlan :},re’”m 3

! | N EaeN AT

~/ Radiation- L |

@/@ (o)

'\ il

V

sy

; :( LE gﬁmﬁ

L ERIL LR,
= RN
Ve '@p(),‘@%&c@u
A N

Y )(@\ Hﬁ){ﬁ)?/?\“ i @L\)(@r@é Ay
‘\F”%rf%\g‘ 4 {f*““i * ~|g (AR
;v /‘/-', \ml‘l i F‘\"] (//] '1\\, ﬂr\ RY Fl S f HV y

ﬁg&@@ﬁ:@“ f&ALL ey

@f H

AN{ rE @ %ﬁﬂgi\j (’- "—\1‘/;"

AN A

- TWO-WEEK LOAN COPY
This is a Library Circulating Copy mbﬂ
”7‘“\(“'\“\ , is is a Library Circulating . f M

)@E\@y} | . which may be borrowed for two weeks. “,,; - @)&MW

| ion copy, call N
For a.p_ersom‘xl ;rfztenthn Py | <@@456@J34@
Tech. Info. Division, Ext. 5545 N e N

R . o \» S e S

'V,zyr\

| \(J ﬂ/r
);\(fl@ﬂ}



DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.



Research and Development
: UCRL-10820

K4 ‘'UNIVERSITY OF CALIFORNIA

Lawrence Radiation‘-Labora‘ﬁtory
Berkeley, California

:Contract No. W-7405-eng-48

X -RAY SPECTRAL ANALYSIS OF CHEMICAL ELEMENTS IN-
THE SERUM OF HERITABLE XANTHOMATOSIS

Tai June Yoo.
(Ph. D, Thesis)

May 1963

u?

Reproduced by the Technical Information Division
directly from author's copy.



CONTENTS

I Acknowledgement

1T Abstract

iII Intrcduction

IV» Material and Method

4. X—Ray Spectroscopy

L.
2.
3,

60 '.

'Introdudtion

Atomic Structure and X-Ray Spectra

~ Analysis of Speotra

Spectroscopy Arrangement
Primary X-Ray Source

Analyzer Crystal and Collimater

B. Experimental

1.

2.
3.
41’!

.V Result

Subject
Sampling Procedure
Analytical Procedure

Quantitation

VI Discussion and Coenclusion

VII Appendix

<

Bibliography

Page

V=R V- RV R VORI N

10

13 -
13
18
19
20
20

23

33

3
39
117
121



- ACKNOWLEDGEMENTS

| I am especially grateful to PRDFESSOR“JOHN W,. GOF'I~IAN° without
whose-inspiration, advica,.encouragemeni and guidahce it would have
‘been virtually impossible for mé to undertake my research and write
this thesis. | |
For technical 3351stanceu I am 1ndebted to DR.' OLIVER deLALLA
for his help on sampling procedures; MR, ROBERT K. TANDY, who did the
computer programmlng of my data; other members of the X-RAY SPECTROSCOPIC '
"GROUP, DRS, G. NELSON N. K. FREEMAN F. LINDGREN A NICHOLS T. HAYES
vand M. BIGGS for the»use of their flguresg DR, Ee-He.S?RISQWER who
,provided a part of the éliniéal material and helpfui diééussiono‘
| 'Fér as#isting métin the tedious chorevof'draftingvahé éditihg
lfhié Manuscriptpvl give special thanks fo the,THESIS COMMITTEE,,PROFESSORS
Js We GOFMAN J. H. LAWRENCE and B. J. MOYER, MR. ROGER FAGER and MISS7
‘MARTE ANN HAN. | o
By grant of the OFFICE OF THE ATOMIC ENERGY OF THE REPUBLIC OF KOREA,‘
I was able to commence my study at the Donner Laboratory°
. | This work was done under the auspices of the U. S. AIQMIC ENERG¥
‘COMMISSIONO
T. J. Yoo -

. Berkeley, California
March 1963.



¥

ABSTRACT

An exnloratmon of posszble derandements in metabollsm of the
chemical elements in two 1nborn errors of llpoproteln metaoollsm
was attempted by analyzing 66 chemical elements in the serum of

these paﬁients with heriﬁable'xanthomatosis - xanthoma tuberosum

yand xanthoma tendinosum -- with x-ray emission spectroscopy° X~ray

spectrochemlcal methodology and experimental pr ocedure are described.

Significance tests done at the level of 5 show some differenceé
ih'tﬁe level of certain chemical element;: phosphorus, sulfur,
chlorine and zinc.v The ‘experiment does not show any possible
deficiency or exCess in ceftain elements in'the serum of the above
heritable hyperlipdprote;neﬁia patients: vanadium, arsenic, iron,
chromium, cobalt, copper,'éeritm, selenium, iodine,_and manganese
wﬁich have beenréonsidered to havé some relatidnship with lipid

metabolism. The relationship between'chemical elemeﬁts and lipid

,metaoollsm are briefly reviewed

99p conxldence llmlus were calculaucd for 66 chemical elements
in the dlfference of mean values between (a) xanthoma tendinosum and
xanuhoma tuberosum (b) reference group and xanthoma tuberosum (c)
reference group and xanthoma tendinosum.

Sore implications of these findings for the nature of biochemical

defects in hyperlipopfoteinemia are briefly discussed along with

lipoprotein metabolism, and suggest some possible future research

aspects in this "lipid-protein® disorder.



INTRODUGCTION

The heritable nature of xanthomatosis has been recognized |
since the'last century (1). It has been considered a disorder of
lipid ﬁetabolism but only comparatively recently carefully studied
and classified (2, 3).

vl'The two.inborn errors ol lipid metabolism to be studied in
this thesis, xanthbﬁa tuberosun and xanthoma tehdinosum,;pnesent
certain biochemical and clinical differeﬁces‘(z, 3, 4). From the
clinical‘point of view these lie in their frequent association with
overt coronary artery disease. |

Gofman et al have (2, 3) distinguishéd'betweén xanthoma
'tendinosum'and xanthoma tuberosum on the basié of lipoprotein patterns.
In #he former he feported'in "Hyperlipoproteinemia," tﬁat the greatest
‘inérease was in the standard Sfo 0-12 élass libopfbteins, the neit
greatest in the Sf° 12-20 class, and least in the S£° 20-100 class.
The.Sf°AIOQ-4OO>iipoprot¢in level is slightly, but significantly lower
: iﬁ4Xanthoma»tendinosum than in matched controls. |

Tn xanthoma tuberosuri, the S£° 20-100 and 5% 100-400 1ipopr§teiﬁ
Showed the 1argest inerease; the Sf0 12-200 lipoprotéins were elevated
but to a much lesser degree; the s£° 0-12 fraction was, if anythihg;
lower than normal. (See'Eig (1, 2> and Appendix I; II)

| .in spite of the fact that this work 1eads to a critical and
‘most precise insight tO‘tﬁe'problem;'this ﬁaé'often mistreated.(S.'é).
, Thié misunderstanding has brought nothing but more confusion on

the above issue.



This stuov was undertaken in an attempt to find the possible
basic clue to correlate the lipid and liooorotein netabolism with
' chemlcal elements (trace elenents and non-trace eleﬂenus)

In splte of vast llterature directed to ehe stuoy of llpld
metabollsm and lipid metabolic abnormality, the role of enzymaulc \
system remains a subject more of congecuure than one of unders»andlng
(7). |

Claude Befhard in his early age, suggested the possiblity
of flndlng netal enzjme complex or metalloenzyme molecule by trace
elemental study (8). .

Various known substancee, several of them chemical elemente;
are caoable of 1nduc1ng serum lipid derangement (9, lO) Co, V -e
‘are well known in this connectlon. Therefore it is reasonable to
coneider fhe defangement in metabolism of some common or uncommon
‘ chemical.elemente night undeflle‘some function of lipid ﬁetabolism. ,

AniﬁalSVWith'deficiehcy or excess storage of one or another
element, eopper; Co, n, ifon, magnesium,molybdeuum,etc. of these
‘_elemente which are known to be'eSSential for metabolic cycle, show |
.specific,metabolic derrangement (11, 12).. o
At an initial step, eefum ouu of all tissues is of special
'-interest because it is the'probable medium of tfansporf of chemical
" substances among tlssues and also 1t is a fundamental medlum in the x
homeostasis of "milieu 1nterne” (13) Furthermore, it is very common
to have' an aberratlon of the level of blochemlcal substances in the
blood 15 association with tho changes of the levels in other tissues.
Xanthoma formation in various tissues in the xanthomatosms is a good

illustration of this.
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1s Changes in serum cholesterol specific activities as a

function of time following a single feeding of 0.72g of cholesterol
-H3 (sp. act. = 1.07 c/mg) in a fatty meal. The lipoprotein spec-
trum shows: Sf 0-12 = 124 mg%, Sf 12-400 = 537 mg%. Serum
cholesterol values: free = 73 mg%, total = 259 %.
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2s Changes in serum cholesterol specific activities as a func-
tion of time following a single feeding of 0.60g of cholesterol -H3
(sp. act. = 1.07 ¢/mg) in a fatty meal. The lipoprotein spectrum
shows: Sf 0—12 = 974 mg%, Sf 12-400 = 193 mg%. Serum choles-
terol values: free = 143 mg%, total = 519 %.
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Is it less impdortant to study the steady concentration of bio-
chemical substances in the blood than dynamic studies of influx and
efflux rate in the blood? Since steady state concentration measure-
ments reveal abnormality that provides the basis for more penetrating
study of dynamic aspects, it is obvious that both approaches are
essential. In case of possible derangements of function of a
particular enzyme system, the actual concentration of a specific
element or ionic group in blood may be involved directly because serum
as a primary part of the extra cellular fluid compartment, may in
large measure define the chemical enviromment in which that enzyme
system functions (13).

Then what element is important to measure in the blood? Do
some particular elements have special merit to be studied while others
not?

There is no priori reason to single out any particular element
or group of elements in this study.

X-ray emission spectroscopy (initiated by Gofman et al at Donner
Laboratory) was applied in this chemical analysis (14, 15, 16, 17).

X-ray spectrochemical analysis is outstanding among analytical
methods for the following reasons. First, the x-ray emission spectro-
scopy technique has proved applicable to every element over the region
from magnesium throuzh uranium. In this region encompassing some 80
elements a single physical principle underlies analysis for all the
elements, namely, excitation of either of the relatively simple K or L
spectral x-ray lines. The excitation varies in a regular and predictable

nanner from element to element based upon Moseley'!s Law relating atomic



number to the x-ray spectra (13).

Second, the processing of samples of blood to render them usable
for x-ray emlssion spectroscopsy can be made minimal, with a single
processed sample being suitable over the entire region from atomic

number 12 to atomic number 92. Also the method is non-destructive

to the sample (13).
Third, the minimum goal of sensitivity, namely 0.1 ppm or less
appeared to be realistically possible of achievement with minimum

time and effort per analysis by means of this. technique (13).



MATERIAL AND METEODS

A. X-ray spectroscopy

1. Imtroduction

t was in 1895 when Rontgen cxperimented with "highly evacuated"
tubes, the glass walls of which suffered pulsating electron bombardment
in the course of a systematic attempt to see if any radiation could
be produced which would traverse matter opaque to ordinary light (18).
For his work with x-rays Rontgen in 1901 received the first Nobel prize
in physics, also the first of six to be awarded in the field of x-rays
by 1927 (19).

He studied the properties of the new rays so well that he laid
the foundation not'only for important methods of x-ray detection but
for the application of x-ray absorption to analytical chemistry as well
(19).

In 1911 Von Laue's suggestion that a crystal would diffract
x-rays was confirmed by Friedrich and Knipping. Soon afterwards, Bragg
let a beam of x-rays fall on the natural cleavage face of a mica crystal
and proved the beam was reflected when fhe condition known as Bragg's
Law

n\ =2d sin & is fulfilled.

In 197.7-14 Mosely discovered the regularity of spacing of x-ray

emission lines and the simple law governing the relative displacements

~ oL B
erenct elLenments

|5

of the lines of dif

The spectrochemical analysis by means of x-rays is based on this

simple relation.
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The methodology soon pleyed a vital role in the discovery of
several elements -~ that of hafnium by Coster and Von Hevesy (20) as
an example.

Hadding seems to have been the first to use x-ray emission
speeifically for analysis, and it is appropriate that his first
published data should have been for a metal because x-ray spectroscopy
is particularly suited to the examintion of metals (19).

2., Atomic structure and x-ray spectra

The origin of spectral lines is easily understood by simple Bohr
theory. Its essential feature is the assumption that the atom may exist
in any one of a series of discrete states and that while in such a state
no radiation is emitted, however when the atom changes from one state to
another of less energy, the energy lost is radiated in a single quantum

unit (18).

The phenomenon takes place as follows: when an atom is supplied
with sufficient energy, an eleciron, e. g., from the "K" shell can be
expelled from the atom (21, 22).

Thereupon, the gap in the "K" shell is at once filled by an electiron

rom one of the more outlying shells. Vhen "jumping" from an outer to
an inner shell, the electron radiates excess energy in the form of an
x-ray quantum. The energy of a quantum jump from the L shell to the

K shell is given by

2 L 2
2= et {2 - 1) 1 5
... = 1 o
12 2 ( 22)
where e = 4.8029 - 10719 esu = electronic charge
m= 9,1085 - 10”28 = electron mass



Lt

¢ = 2.9979 - 10%° em/sec = velocity of light
h = 6.6252 + 10727 erg sec = Planck's constant
z = atomic number

If this same quantum juip is observed in a series of different
atoms we shall therefore expect to find that a graph of V_;;’
against Z will be a straight line (22).

The multiplicity of energy levels is determined by the total
angular momentum vector j, defined by j = £ + s where S = 5 always (23).
Thus the K state is single asn =1, £ =0 and j = 4. Higher n states
are degenerate. For the L shell, n =2, L =1, O and j = 3%, 3/2. The
selection rules for transitions are as followspg =+ 1,43 =+ 1, 0.

Thus MYy, = EE__~§1 gives rise to the K series of lines where By =

; h
energy level satisfying selection rules. If we express the gquantum energy.
in electron volts, we have for the Kx 1lines
B Slbll ~ 1)2 ev (a convenient "rule of thumb") (22).
The corrssponding wavelength is given by

_he . 120 - 5B
>\ —7\—2—:—-1'52 A ( 1A 10 cn )
Thus, for example, for Cu(Z = 29), we should have E=7.8 Kev,

Fqg

= 1.5A. (22)
The intensity of lines increases with voltage across the tube as
short wavelength x-rays generated by bramsstrahlung processes are
ffective when V>V, is the minimum voltage required to excite the
characteristic line. The relative intensities of the lines are determined
by the probabilities of transitions. For the K and L series (19) the

following relationships hold:



12
K:;k\ :Kdl :Klg\ = 100:50:21, and Ld\ Ly, :LP‘ :L}gk =100%1).:50:20.

The values of the relative intensities vary from elements but the
ranking of the important analytical lines remains the same (19). The
‘subscripts refer to the transition from rarious initial to final quantum
levels.

The relation between encrgy E(Kev) and wave length N(}) of an
x-ray quantum is given by the following equation:

N

For the elements P to U e.g. the quantum energy varies from 6.153
to O.lZK.

The wave lengths of x-ray spectra are independent of the chemical

combination of the atom as well as of physical states of the specimen.

Production of the Svectra: The energy required for the excita-

tion of x-ray spectra can be supplied to the atoms by absorption of
x-ray quanta (or by electron, or particles, etc). Obviously, the
excitatién energy nmust be greater than the energy liberated by the
electrons jﬁmping from an outer to an imner shell, since the former
must expel the electron entirely from the atomic union. In the case of
elements P to U, x-ray quanta of minimum energy of 2.14 to 115.6 Kev
for an electron of the "K" shell are required, while quanta of at least
6 to 21.7 Xev are necessitated for an electron of the "L" shell of
element Ba(56) to U(92)(21).

Hence analyzing a compound of elements of different atomic
numbers, an exciting radiation of adequately high energy must be
chosen. Hence it follows that tube voltage of at least 116 Kev would

be required for exciting the "K" spectrum of uranium. For technical
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m

reasons, however, the excitation voltage were limited to 60 Kv. For

elements atomic number above 60, their "L" spectrum is used.

ry
)

3. Analysis of the spectra

The wave lengths of the emitted x-ray quanta are determined with
the aid of the x-ray diffraction produced by the atoms of a crystal
lattice. The diffraction angles are found by Bragg's Law

XN =2d sin 6
N ¢ the wave length
d : the grating space (distance between atomic layers parallel
ta the reflecting face of the crystal
5 : angle between the beam and the reflecting surface

It is obvious that a diffraction maximum is observed at angle 2 6
but with the same optical grating, the reflection may repeat in several
orders, n =1, 2, 3, etc.

The. angle between the incident beam and reflecting lattice plane
family of the analyzer crystal is egual to that between this lattice ==
plane family and diffracted beam. The incident and reflected beams form
together an angle of 2 6. The measurement of 2 © enables a clear inference
to be drawn as to the wave lengths of the emitted spectrum.

L, Spectroscope arrangement

An x-ray spectrometer consists basically of an x-ray tube which
excites the fluorescence spectrum, a crystal analyzer to disperse the
spectrun, and a detector.

Figure (3) shows schematically the simplest arrangement of com-
ponents for x-ray spectroscopy.

X-ray equipment, Kristalloflex 4, designed for direct voltage of
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4PRIMARY X RAY SOURCE

/ ~ 4CRYSTAL
SAMPLpr A \x__
\ i
\

X - RAY \ 4 COLLIMATOR

FLUORESCENCE
METHOD DETECTOR »
GONIOMETER §
MUB-553
Fig, 3. The x-ray fluorescence method, with flat crystal monochroma-

tization, (X-ray fluorescence, x-ray spectro-chemistry and x-ray
emission spectroscopy have all been used as names for this same
methodology.)
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X -ray spectroscope
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Sample chamber
Goniometer
Crystal chamber
Collimator
Prop. counter
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up to 60 Xv and a current load of up to 50 ma. (Fig &, 5)

For quantitative analysis, a very constant intensity of x-rays
is pre-requisite. The intensity, however, is proportional to the
current flowing through the x-ray tube and to the square of the tube
voltage.

Our machine is stabilized to an accuracy of 0.1% fluctuation
of mean voltage.

The x-ray tube is fastened horizontally in the tube hqlder of
the equipment (21). It radiates vertically downwards on the specimen,
which is inclined towards the horizontal plane at an angle of 45 degrees.
The specimen is accommodated in a radiation-proof changing device. The
specimen changer is mounted to the goniometer separated from the X=-ray
equimient and the tube. The analyzer crystal is fitted in the center
of rotation of the goniometer behind a screen protecting against radiation.
The counter tube holder with its collimator is pivoted on a bracket,
facilitating accurate adjustment (21).

The intensity of the fluorescent spectra excited increases rapidly
as the operating voltage V , exceeds the minimum voltage V5, and

Toc (V - Vy)?

up Ve 2~3 tine g

e

IeL V-V

o for V)3V, (24).

These tubes have beryllium windows and these will preferentially
absorb the softer radiation. Therefore at low operating voltages only
a very small portion of the radiation gets through the window, which
substantially reduces the excitation efficiency.

The best approach appears to have the vacuum tube with specimen

inside. But it brings another difficwlt problem.
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5. Primary x-ray source

The ideal x-ray scuce should radiate all its power in nearly
ronochromatic emission at a wave length equal to the critical excita-
tion potential of the element to be cxeited.

loviever there is always continuous white radiation.

The absorption encrgy exprossed in terms of wave length as
>\Kabs or)Labs for removal of a K or L electron varies with the atoxic
number.

The minimum potential V, required to excite the K series of the
target element is then calculated by substituting the N g, for

that element in place of the A min in Duane-Hunt Law:

Foreach element Nyaps 15 Just shorter in wave length than

the corresponding K emission line and XN pgps 1s Jjust shorter than
L emissiocn line (24).
The mininum potential Vo for three common target materials we

used is given in table (2%4).

Table I
Target Minimum Potential Vo X-ray Line
W 12.1 Key L
Mo 20.0 Kev K
Cr 6.0 Kev K

Since the absorption ccefficient of x-rays is proportional to
&5sz, (in most of formula U hasavalue of about 3 and V a value of

about 4, but in extrencly soft roentgen region these values are changed)
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“v) the long wave x-ray spectra of elements are strongly absorbed
by air. Therofore a vacuun spectrometer was used with gas flow

proportional ccunter for the scfi radiation with the stream of

gas mixture consisting of 90% argon and 10% methane passing through
the -counter tube at atmospheric pressure with the flow rate of

approximately two liters per hour. In the last stage of this work,
we replaced the vacuun system with heliun flow because we had
encountcred some difficulties with gypsum crystal dehydration in
the vdcuun systen.
6. Analyzer erystals and collimator

The heart of the x.ray speciroccopy might be the analyzing
c¢rystal becuuse it does distinguish the various wavelengths and
also intensity and resolution depend on the properties of crystal
(24). According to the Bragg law, a crystal cannot reflect a wave-
iength larger than twice the lattice spacing. The shortest wave
léngth reflected is governed by the reduction in the projected
crystal surface seen in the direction of the incident radiation at
small ang gles. (2_5)

The dispersion of the specira can be caleulated by the

formula derived from differentiating Bragg's Law (24, 25).

49 PO - S
an~ 2d cos ©.

Cypsum crystal and LiF crystal were used. A blade type
collimator was used with different kinds of blades (tungsten, stain-
less steel, otc.). The purpcse of the collimator (this collimator

located between a sample and a crystal does not appear in fig. 3)
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is to allow only a parallel burdle of the polychromatic radiation
from the specimen to strike the crystal. Resolution is limited by
the divergence allowed by the collimator and by the rocking curve
of the crystal (24).
B. Experimentzl
1. Subjects
a. Xanthomatosis patieants
Two groups of heritable xanthomatosis are under investigation.
One group is represented by 16 subjects with xanthoma tendinosum and
the second group is représentcd by 4 subjects with xantheza tuberosum
and 4 additional untypical type of later form in the c¢ase of certain
elements.
The individval clinical data for the series of patients are
pfesentcd in Table II.
A variety of metabolic states in which lipid metabolic altera-
tions was known to exist or suspected to cxist has been investigated

(2, 3, 27, 29, 30, 31, 32, 33). Such study has revealed that there

is a considerable diversity in the types of lipoprotein transport

derangement present in certain metabolic disturbances, whereas for
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deterrmination of serum cholesceral ic wholly inadeguate for satisfactory

description of the lipid motabolic disturbance present. Thus hyper-
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disorders, unrclated, not only becuase of etiologic basis, but also
unrelatcd in terms of the actucl lipoprotein transport aberration
prescnt (&4).

Scme of the patients with xanthoma tendinosum reported their
lesions had been present since childhcod (4).

Characteristic sites of the tuberosum lesion in this group
were (1) extensive swrface of the elbow, (2) buttocks, (3) exterior
aspects of the knees, (&) the hands, especially the volar surfaces,
(5) over the ankle malleoli, especially laterally (3, 4).

In contrast to the patieats with xanthoma tendinosum, none of
the patienis with xanthoma tuberosum reported the presence of lesiens
in childhood (3, &).

b. Control

In most of elemental studies, series of 39 ostensibly healthy
adult males have been analyzed using the pooling procedures (14).

The adult meles range in age from 21 to 53 years with a mean
of 35.3 years., All subjeets in the group were free of major disease
discoverable by & cormplete physical examinatica (1%).

A1l were residents of the Northern California Bay Area, and
included urban and rural dwellcrs. Common allergies and minor dermatosis
did not constitute basis for exclusion of cases. Acute febrile ill-
nesses cid constitute a basis for exclusicn, because .certain elements
as copper and Zn, are altered during infection.

110 normal male and femezle individual. blood samples were used

for the corparison in the Fe studies, 22 randorly selected (male and
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Clinical Data

run no. name sex age”*Sfo; ST, 05T, WS s I** Diagnosis Treatuent

( Lipoprotein Data J** ( drug )
B3% Ja Su D L3 207 115 621 od4 259 Hio gy &o2B8 o deparin
2L ds U F 97 500 45 190 110 110 Eey X.Tnd.&A. Thyroid,Premarin
25 M. J. T 39 1334 @ e z05%kxx 136 H., X.Tnd. Heparin,Premarin
27 He e ¥ L3 125 92 3E48 g2. 107 Hes XTS5 Thyroid
28 R:. 8. P Lo 257 170 374 89 136 H.; ¥.Tos. None
29 J. €, F L8 777 107 57 10 108 H,, X.Tnd., Mer. Hicotinic ag%gigh
350 Lis Jo M 5, 79y 13k 171 56 140 Hey X Thd TThyroid y
31 J. M. M 68 196 139 1042 Lg7 311 Ee«; £:To8.8B:. None
52 R. R. M 51 750 50 2l o 35 H., X.Tnd.&C. Nicotinic acid
199 A.C. F 57 1035 45 0 O 112  H., X.Tnd.&D. Thyroid
200 P. Bo. F. 39 806 128 gl 25 129 H.; XJThd. Thyroid,MER
201 5.B. F 12 498 51 53 16 72  H,, X,Tndd type Thyroid
202 c.G. F 12 527 - 51 56 5 73 B8rs®85%bove  Thyroid
374 P, 8. F 75 394 87 1&lL 138 119 B.y X. Tnd. Digitalis,Urinase
409 H. C. M 57 55 29 &8 0 62  EH., X. Thd. Thyroid
Lol Jo Q. M 45 5ck 32 L3 3 72 H., £. Thd. Thyroid
534 * H. 8. F S6 947 167 177 21 159  H., X. Tnd. Diuril,iCL,Digitalis
T35 Gs S« N 55 250 59 583 B7h 20% s gt B Thyroid,NitroglyCOEg
T 5% E. V. M 49 223 35 Z7L 302 146 H.,Hyperemic type&G lione
Vit G. G. M 33 500 9556 262 201 146 H.,Untypical type&H  Thyroiad
758% E. Ue P 52 492 wcoves yoorEE:. 275 H. Thyroid, Formatrix
759* M. M. F 5% 965 70 72 11 123 H.y, %. Tnd. Premarin
812* S.R. F 35 573 64 206 67 116 ey X+ Tod. Thyroid, Premarin
963 H. H. F 59 255 259 465 99 170 B.y X, Ths, Thyroid

* These samples wepe run on certain elements only.
** Age at the time of sampling.
*¥** The latest available data.
* W K N St
La-4vo
A : ASHD with posterior wall infarction
B : Diabetes Mellitus,diffuse lipomatosis, history of epileptic seizure and peptic
ulcer
C : ASDH with anteripor wall infarct,Dupuytran's contracture
¢ ASDH with old myocardiac infarction, left ventricular hypertrophy,
interventricular conduction defect by E.C.G.
D: ASDH with anginal syndrome
G : Essential Hypertension
H : Obesity
H Hyperlipoproteinemia
nd. : Xanthoma Tendinosum
bs. : Xanthoma Tuberosum

(e]
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female)blood samples with tho same age distribution were used for the
Zn study.

Normal subjects for Zn and Fe had the same basis for exclusion
of cases as the other normal group.

2. Sampling procedure

Collection of blocd szmples. Blood samples wers collected by
reans of the saméling kit. It includes a collecting tube which is
evacuated and sterile bleedingz set, which has a 20 gauge stainless
steel needle at each end of a plastic tube. The use of such a system
allows for complete control over contamination of the sample by some
foreign material. In most cases of xanthcmatosis 60 cc of blood was
drawn to make more than just cne sample for each individual to allow
for sample breaksge.

After successful venipuncture, the blood will gradually and
continuously flow toward the other end of the set which is inserted
through the diaphragm of the rubber stopper in the collecting tube.
The first tube is just for flushing off the needle. The second and
third tube together make 60 cc of the bloed.

Extraction of serun. The blocd samples are left at room

temperature for at least 2 hours to allow for sufficient clot retraction.

Serun is then transferred to a centrifuge tube for centrifuga-
tion at around 2500 rpm for 15 to 20 minutes. ter the first
centrifugation the serum is traansferred to another centrifuge tube for
centrifugation at the same rpm arnd period.

Parafilm cut to size is used to top the serum sarmple before
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ZN-3878

Fig. 6. All glass lyophillizer apparatus designed by de Lalla.
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the lyophillization.

Tyophillization. The serum is transferred to a proper flask

for lyophillization. Dry ice and acetone zre used to freeze the

‘sample. The flask is turred coatinuously wnile kept in the acetone-

dry ice mixture so that all the serum is in evenly distributed serum
film inside the flask. Then it is trausferred to the de Lalla
Apparatus for drying (Fig. 6).

This lyophillization is the compromise we choose as the simplest

~concentration process wilh assurance of minimal loss of any particular
-element present in the sample. Lyophillization of serum gives about

- a twelve-fold concentration of all elements present.

Samples for analysis have been preparced by accurate weighing

of 400 milligrams of dry powder which is pressed intc a wafer using

a press lined with teflon carefully cleaaed before each sampling
procedure (34%).
Standardization is perforned by preparing sample with known

additions of a scluable salt of the elezeni in question, lyophillizing - ‘

to dry powder in a manner idenitical with that for the study samplé

‘and pressing 400-mg disk for use in the x-ray emission spectrometer. -

| Since the powder yield per unit serum is not identical froh
samplé £o sampie._eadh dry sample is weighéé immediatelyrafte:
iyophillization, so that zppropriate qalgulations can be;madé for
the true vdlume of serum presented in a @OO;mg powder sanple_gsed in
thé'x-ray épectrometer.

The linearity of counting rate versus guantity of elément prescnt



“.collimator, and de

in Such a 400-ng disk for the elements analyzed was tested.

Some representive studies for manganese, chromium, ;nd_iron
are presented in Finures 72, 7o, 7;. 

The final dr1C¢ pewder disks have been mounted in fixed-
}dimension perzanent lucite holders for insgrtion into the x-ray

spectroscope.

The Gegnetry wvas very carc¢ 1y ccasidered ard handled for the

3

- sample in the sample crawer.

‘4

L.e,z;ray.beﬂrs,used_hava been providéd with limiting aperture

lugite hol&ér, except for:mul tiple scattercd radiation whicn

[ &)

funa&bid 2bly 1rrua4a o5 the holders.
Our expsrience has been'that‘thd‘dricd serun powdef disk.tolératés
the x—l*radlau%dn ver j well with respeet to présefvation of'structural
1features._ Such e_mplcs n“ve~ ¢cn exoosed~to the full intensity“of
 h z;ruy bQum fer pe“lcdo ox ,3 to &0 hours in the course of multip}e
Agnaly31° Ultx@dt ~ny evident sample deuerioratién, vMany'plaStic |
 materia1s are grdssly aitere? structur ally Ulth even lésé irradiation.
.3.f Analytieal .recéd v | |
A sténdard Siemens Xr&st" loflex was used. The X~Tay lhdu~d~
'méauuv*gn _nclLdlnv tub@, generator, goniometer, analyZan c*“stal
tector was described in a previous section. 2 6
.nngié: Since i he gonvoﬂeucL provi acs 21 tracking betwéenithe
crygt_l holder and the dctecuo* it was necessary to alllgn the

detector at the 2 6 a nzle (Bragg's Law).
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Fig. T7a. Study of linearity of counting rate (at diffraction maximum
for the specific characteristic radiation for the element studied)
versus concentration of element in the serum (range 0-10 ppm).

(a) manganese (b) chromium - (c) iron

.
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The systen is aligned by 4 inseriting an epon plastic sample
nrcparcd bj the cdding of & knowh elcment in the sample draver,

settlna the detactpr at the 2 & value caleuwlated from Bragg's
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equation for the p“~t1cul crystal, and spe
measuring the x-ray intensity in the detectcr.
The finé alignﬁéhﬁs were done oy rotating thevcrystal'and
.detector until maximun peak lﬂvenolty o the radiaticn (e.g.) Zn. &X |
is found at gppronrlate zangle. Flat LiF (24 = @,0269) was usad for
most of the elezents ard gypsum crystal (24 = 1551980) was used for 
soft radjation. The high vacuum we employed brought some destructive
changes onlﬁhe_gypsum erystal after use for some period.
‘The “off angie” Wwas carefnlly selected. (See section on Quantitation).
Voltage - - S | o
The operating voltage applied to the detector was carefully optlmlzed
to give proper peak to- b“cku*uhnd ratio. Background arising from a)-
highe:_order reflection cf x~-r2ys being enmitted from elements in the
‘éamplg more énergetic fhan the one being analyzed, b) first order reflec-
tion'plus higher order oflcctﬂo“s at the wave length being measured of
either the continuous white spectra or x-ray characteri#tic lines, c)
diffuse coherent and incohérent scatfering radiatién from x-ray tube
is the most crucial problem in the x-ray analysis. vfhe optimization of
the vbltage'applied to the detector is one of the most-essential'proce-
dures for aBove P/B ratio.

The differential method was used. Different operating conditions

are set up for each element to be studied., An electronic windew of 10



to 20 volts in widith. was uitilized with »:
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the stove setbtinz, the counter voltage is progressively raiscd until

value. If the veltage is raiscd further, then the

”y

it reaches a teak
“intensity of the characterisitc radiation is tco large for the.windou
setting.

The detector voltage at which intensity of K or L radiatiocn for
the particular element to be 2ralyzed was a nasdimum used the the neasure-
ment. By utilizing the above procedure we éan improve P/B ratio.
| 'Howpver, there_aré tvo processes, namely ”édge effects™ ard "escape
peak' phencmend which could not be feduced by the above procedure. The
incident x-ray quanta give up their energy by a cozplicated mechénism
'wﬁen their energy exceeds the critica} x—raj ab;orption edge of the
atoﬁs_in the'gﬁs.or crystal of the aetector. In those cases where the
fluoréscent x-ray quantum is reabsorbed ard the entire energy of the
incident x=ray qﬁantum is thus dissipated by'abSOfption processes in
the active volume of counter, 6ne average pulse amplitude Al is produced

L

which is proportiocnal to'the energy E; of the primary x-ray quantum

A =k B
A certain fractien of the x-ray quanta of energy Ep will not be
absorbed but instead will escape‘f:bm active volume of the detector.
‘Therefore, if pulsékmﬂght,analjzer iz set to reject it, quanfum counting
“effi‘ienC§vwill be cofrespondingly reduced (35).
If the quantum produces an electfon in the detector by photo-

electric absorption, the full pulse is obtained provided the electron

loses all of its encrgy in the detector. If the electron carries some

‘of ils energy out of the detector volume, the pulse procduced is cor-

respondingly smaller. 45 a rosult the pulse produced can be of a size
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that will get into the electronic window get for a much lower energy
x-ray quantun ("edge" effects) (7).

The differential procedure does decrease background consmerably°
houev T, 1t requ.reo stability of detector voltage and also a stable
electronic system in the pulse neight analyzer and these require:ents
gave serious probleﬁs at the beginning of the study.

&

The oncratlng voltage and current of the x~ray tube and target

of'thevtube_uere_préperly selected according to the particular energy
to be snalyzed.

A chromiun target tube wis usually used with gas flow counter
té:measure_soft radiation (below Ti). znd W and Mo tubes were also
;céfefully chosen for ﬁérticulat‘element under analysis. Thenoperatiﬂg
'céﬁditioh‘gi the tube, Cu:rent,.and vol tage was determined by studying
 thé inteﬁsity‘of pezsk versus bac grouud ratio.

 A'u$eful'r6ugh vaiue of voltage on the x—ray'tibe ié 5 £0 iO;
tlmes the .absorption edge voltage ?or n“ruchla: elements.

For the elex ept from Z = 45 o 55, it would reguire Betucen 115 KV_
ard 180 KV on x-ray tubef(23.2 XV - 35.9 KV'absorption edge voltage)
even to»prgvida 5vti§eé tﬁejabsorpti;n edge voltége.visince:our powef
suéply and X-ray tube are limited to 60 KV, scnsitivity ha#ibeen a
serious problem for these elements.

Varibﬁs'thicknesses of Al or Cu féils were used to filter thei
primarj z-ray beam for ihe particular elezent being analyzed._.

_Thié was again for g&éd P/B‘ratio'(é.g; A filter for Cu Ky
reasurement -- whichrwill dec*eﬂse’the Cu hiradlatlon from tHe tube

itself, since &1 absorpulon edgu lies below the Cu Ky ).



k. Quantitaticn

The interrelation between the intensity of the spectra lines
and_fhe concentration of the element in the specimen is a pre-requisite
to qﬁantitativé analfsis.

To eliminate the background pfe?iously described ffom the
‘quantitation and to establish the baseline we adopted the "on" and Hof L™
~angle methed with a proper plastic‘scatterera

After ‘the characteristic radiﬁtion was peasured at the_proper
2 G}angle with ﬁroper 6ptiﬁal voltage. another measurement was. made

vappfoximately one dggree away from the position of diffracted maximum
‘, whiéh deces not interfere wluh other characteristic radiation from some
E §ther ¢Zement (especially from Yo, Y, Cu, eotc.).
7' If the element being me;sured»in the sample is absent or
-Hpresent-below the 11A1t of detection, the counting rates at the 6n and

v

-,off angle unov €s ﬁnti&lly a straight line or smooth curve on the

"counting rates versus 2 0 Qngle ar mmh. Ouuer , it shoald how a
peak at 2 0 value of the di f .cted maximun for the characteristic line

&

of the element being Lb&"urud .Thl;-consiSts of two main components
‘namely'(a) ChaT&CueTISblc dluleﬁ from the element under analysis,

(b) bachgrounu due to th e p”ovi asly d crlbuu, namely scattering radiae

s
0 ‘v

tion of this wave lenvth from ?ne-ele :ént unlch is pregenu in the x-ray
tube & nﬂ Trom tﬁ dr"“cf'c?“its scattered radiation by the blood
sample. | |

To difierenﬂiate_@uapfitatively the-radiation (a) from (b) it
was necessary to study the same substance which does not céﬁtain the

”

element under analysis but otherwise has identical scattering power
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as the blecd sample at the same angular position with same geéﬁetry.
Tbelsﬁbstance used for this base line study was called "sca»terer n
v_which‘is ﬁadglof plastic. However, whether the elcment in qnestion
is preéent or not at the level of a feu parts pér.million is not én'
-easy p:oblem.

The préblcm was éft;cked'by:prcparing a sét.of plastic scatterers
of the same dimensions as the samplé-tlét scaétér:same extent as the
blood sample, measuring at 2 6 on and off angle value, and plotting
| the ébdnting rafevverSQS 26 in thé graph.

If there is peak present with the scatterer at the angle
ard so the plot.is a smooth curve one obtainsall the information needed
,to‘detefmime‘the amount of an element whose fludrescenée line i# at
that angle. ’ | ’

Ir gl;rof plastics chovw some peak‘at‘the 2‘9 diffraction maximunm
“ and éuanti%atively just as mu h as bloo sample,>it is very unlikely
to be die to the presence of the partlcular elexent present to pre-
claely the sare cont tent in all the plastic and blood. MNost likely the
- source of radiation is from tube or drawer constifuents. Effort has |
been made to eliminate the préblem by'inse:ting’foil or changing the
material in ﬂ;e draver. |

"he s op e of pla°+1c scatterer was used -for theVCOrrection of
" the backgrounu radiétion; Il the correction was overestimated, then
absclute vhlhe of the elemynts in a1l blood samples would be high by
a flted amount

This may bring a serious systematic error if the purpose of the

study is to determine absolute levels. However the absolute value
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Wis not very crucial problem here where the purpose uwas to measure
the difference betveen nornmal series versus xanthomatosisvseries.
Bt sti11 it is‘desirable 1o neasure the absolute value itself.
| Normal blood and xanﬁhomatesié blood was measured at on and off
ﬁﬁgies, 'The absclute value ¢f normel which 1s necessary in the calcula-
tdon is from Gofran's data. To eliminate possible mistaké arising
f?ém not having constant ouﬁput of x-ray>from the tubé, it was measured’
8¢ on and off angle 5 minutes alternately for 6 ﬁimes.
'; To thvsrt'nét counting rétes into parts per =millicn or any
6€ﬁér é@ncéntration measure a previoﬁsly described sténdard_sample
ﬁ%s measured,

Fron the differehce in the counting rate (9ﬁg and Omg standard
sample) and also known amount of the element to the standard sample,
het'counting rate per part,per'ﬁillion of the element in the blood was
obtained (Canting-yield). Hére we obtained all the necessary data.

It is straightforward to derive the.following formula from the

experimental procedure.
(1) (ppm)u - { .(ppm)k + retio(u.) - ratio (k.)  (off), .Yy

Pe Vi P.Yygt <ty
""(ppm)u = part per million of unknown sample
(ppm)k © = part per million of known sample .
PYst = pouder yield ofvstandard sarple
PeYy = pouder yield of known sample
P.¥y = powder yield of unknoun ;ample
- et.y = counting yield of stﬁndard sample

(off), .= off angle value of unknown sample
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on angle value
off angle value

on angle value — ritig ¢f known sample
off angle value '

ratio (u.) ratio of urknown sample

i

ratio (k.)

(II) (ppm), is caleculated from open study with same basic formula
(III) If off angle values ore much different frca cach other it is
advisable to use formula III where no assumption on off angle .

velues of kncown and unkncuwn is made.

11T '. .(ppm)u ={ (ppa)y + b‘: a+d+c p.yu'
. B P Yy PeYgy Ctey (W
b = on angle value of unknown
d=on angle value of.kﬁown
a = off angle;valué ¢f unknowa
¢ = off angle value of known
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RESULTS

The experlucntgl findings for the analysis of 66 chemical

elements are preuented in the following tables:

(1) Individual values of xanthoma tendinosum and tuberosum

(2 Mean level of element in normal control

(3) Normal versus xanthoma tuberosun

(#) Normal versus xanthomavtendinosum

(55 Xanthoma ﬁpndinosum versus xanthoma tuberceum

. The tables contain individualvvalues, mean values, differences

in mean, standard deviations of mean, standard errors of mean,
étandard errors of difference of mean, significance at 5% level and
confidence iimits upon the difference-in the mean value. Normal
statistics was sapplied for the above calculation. Significance
test was based on the t-test.

The confidence limit upon the difference in mean values was
'CaICulated because there is a great interest in estimating the extent
to which differences in means might differ at a reasonable level of
probability éven if significance test.is "no" _

J This is obtalned by adding 2.65 tlmes the standard errors of the .
dlfferencesto the dlfferences in means and by subtractlng those same .
numbers from the dlfferences in means.

By doing this, we can predlct how large a dlfferenc; may ever
be discOVered with good confidence. The confldence limit shows a very
narrow range for someelemcato and apprec1ably larger for others. The

reason is that it is the direct result of the différence in the sensitivity
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(or error) of x-ray spectrochemical analysis and biologicalv
‘variation for some elerenis as compared with others.

The meaning of the "negative resuli" could te easiiy under-.
stood from a previous section (see analytical procedure).
Of course, it is impossible to have a negati&e value for the

‘concentration of certain elements inthe human blocd., . This was

resulting from the problem of baseline deteramination.

- However, it is nqt proper to record’all negative results as
Zero, becausg it is still true that blood of -0.05 bpm has 1ess'
concentration than the blood sample of 0,00 ppue

Even if incorrect on an absolute scale, the importance of

the relative differences is of obvious signifi¢ahcé.



- DISCUSSION

I

History

Ag inheritable tendency toward iﬁcreased concentratioﬁs of
plasmajlipids ffequchtiy associated with xanthoma tendinosun and
tﬁberoéum has‘been recognized, and among the earliestbdescriptions
N 6f,tendinous and tuberous XanthOma-appeérlto'be those of Rayer (3%5)
and Addisonland Gull (37) and Fox (38). TFagge (39)'observcd the
'associaﬁion of xanthomatosis agd cérdiovascular disease. In 1920
" Chauffaud, Laroche andvGrigaut ard Burns demonstrated that theretisla
defectivévcholeste:al meﬁabolisﬁ -- increased amount of total sarum
:vv cholesterol «- in patientsfwith this syndrome. In 1929, Wile, Eckstein
| and Cuitis stated that the formation of xanthoma could not be explained
~'solely by the theéry of hypercholesteremia and that a defect in fat
meiabqiism,'in which cholesterol urdoubtedly played a part, was
apparently responsibie (44)."In 1893 T&rék (1) :ec&gnized the
familiél tendency of tuberous xanthoma and made an extensive study

of-thé literature concerning the various aspects of xanthomas.

: Definition-and Classification

- Lipidoses is a general term applied'tb disorders characterized
by abnormal concentrations of lipidé iﬁ tissues or in extracellular
_fluid, Xanthomatosis often is employéd in the same sénse, althéugh it
more specifically refers to certain mor?hologic'chéﬁgesfin tissues
associated with lipid accumulation. Subciasﬁification of nomencléture

seems very cbaotic. many types of classification are available at the
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éreseni time. According to tﬁe ciassification by Fredrick;on. et al.,
primary hyperlipidemia can bo subdivided by (6):
| a) Esséntial fanilial hypercholesteremia

b) Essential familial Lyperlipenia..
The former represents a. heritable dloorder having hyper-

f‘cholesterolemla even though plasna phopholipids (hyperphospholipldemla)

are always, and trlglycerldes occuslonally,velevated as well, Significant

hyperglyceridehia,,producihg lactescence 'in plésma (hypérlipem&a), is
less cémmon.  The 1dttef éssential hyperlipidenia has high triglycerides
' ~ with proportlonately much less ass ociatcd increase in other lipids.
Biochemical tests are lacming for clear separation of the hyperlipidenmic
syndromos into above subcla931fication. even though it is frequently

used (41)

' Gofman, et al., proposed the most accurate biophysical methedelogy -

to”clarifj'thé complex'phenomena of lipid metabolism in mammalé.
One aufhor described it as "very interesting from a heuristic point
1 of view for the invéétigation of multiplicity of serum protein #ggregates,
bﬁt it seems not justified, or at least premature; to attribute to:the'
various_Svedberg units diagnostic significance.in clinical medicine®
(5), and alse (5) "The determiration of so-called lipoproteins by |
electrophoresis:or ﬁltra—centrifugation'does not offér_a better or a
diffefent.glassificatign for_differential diagnosis of Xanthomatous
disorders." |

Amother author stated "Sound argzuments could be advanced for

the tern Essentlal Hyperllpoproteinemla, since concentrations of some
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‘lipoproteins can be elevated without recognizable hyperlipidenia
(3) but too few phleClaHS have the faClllulCS to measure lipoproteins,
ete.* (6) Even thou"h 1t requlres an ultracen»rlfufal atudy of patient's
blood to have a proper dlagnosio, it is Justlflable to do this rath»r
than u51ngla confusing generlc name". Otherwise it will bring only
confusion on the above iééﬁe.

The “hyperlipoproteinémia" is a term based on a sound basis,
whereas "hyperlipidemia" is Jjust av"generic" tern. In a recently dis-
covered rare inheritable»disorder, & - bétav- lipoproteinenia, EXE_"

choleéterolemia is associated with the absence of one major lipoprotein

groups. Acéording to others,'ihis‘should be called agdin as "hypo-
‘cholesterolemia®.

Lipoérotein , ' _
It is.certain that the lipids in plasma and other extracellular
fluids? except for 5 few unesterified fétty acids, - are present as a
‘complex of lipid linking with protein. The first discovery of a lipid-
#rotein‘complex in plasma is credited fo Machebeuf in 1929 (42) who
manipulated beth salt concentrations and PH to fracticnate horse serum.
Organic solvent fractionatlon was applied for lipoprotein isolation by
u51ng_alcohol or other solvents at a low lonic strength together with
PH manipulation (43). Similarly. electrophoresis was attempted for
'purification.aléo ﬁith f#ilure (44). The first application of thev'
analytical ultracentrifuge to blood lipoproteinvwas done with undiluted
whole sera soon after the introduction of the ultracentr1fugal pattern
.(45, b46). These phenomena resulting from accumulatlons of low den51tyv

llpoprotelns in the reglon of the albumln boundary was analyzed and
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Fig. 8. Electron micrographs of the major classes of serum
lipoproteins. These lipoproteins were isolated ultracentrifugally
fixed in 1% OsOy4, shadowed with Pt—Pd—Au alloy, and viewed in
RCA EMU 2 -E electron microscope (magnification 36,000 x).
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Fig. 9. Representative schlieren flotation patterns obtained in the
ultracentrifuge for the three major lipoprotein classes of human
sera. The upper pattern is Sf 20-400 class floated in a medium
of 1.063 g/ml. The middle pattern is Sf 0-20 class floated in a
medium of 1.063 g/ml. The lower pattern is the HDL-1, 2, 3
class floated in a medium of 1.21 gm/ml. Time of each exposure
after ultracentrifuge obtained speed of 52,640 rpm, is, from left
to right, 0, 6, 22, 30, 48, and 64 minutes respectively. This
run was made three double-sector-type ultracentrifuge cells in
a spinco series ANC-1 four-cell rotor.
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_explained.bincfman, et al., by utilizing the theory of Johnston an&
Ogetoh'which treated the problem of a mixture of proteins of different
densities nndergoing sedimentatien.in an ultracentrifuge (47). Gofman,
ei al., noticed that since the concentrations of lipoprotein in sera
are usually.lessAthen that of other serum proteins. therefore, it was
necessary to isolate and concentrate the‘li?epretein.from the other
serum protein before characterization in the analytical ultraccntrlfugal
flotation procedure. (48) * Thus, the flrgt purlfled 11poprote1n could
be obtained from human serum by this ultracentrlfugal flotation pro-
°ed“"e°,:¢..l N - ‘ | .
| In the past the chemistry (molecular neight chem1cal composi-
tion and transport of human serum lipid and serum lipeprctein)'has ‘ |
been'described by Gofman and his colleagues (49-52). They also proposed
‘the neﬁenclature for the lipoprotein and the lipoprotein netabolic
| abnormalities on the baeis of ultracentrifluge. According to then,
floatation rates of lipoproteins of density less than 1.063 are
expressed in S unlts (Svedberg flogtatlon unit in 10-13 cm/aec/dyne/gm).z
(3, 4, 48, 50, 51)
Ultracentrifugal pattern, avergae dlstrlbutlon. chemical composi-
'tlon. etc. are well shown in the Flgures 8-18
It will be self-explanatory that even though there are several .
types of lipoprotein measurement, ultracentrifugal'lipoprotein flota-
| tion methodology'provides better-information. (Fig. 10) Therefore
it is desirable'to use ultracentrifugai nomenclature applied to lipo-
proteins, rather than the other nemenclatures. Separation of the

diseases in the xanthomatosis group of hjperlipidemia has been .more
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difficult because of thé great variations in cholesterol and phospho-
lipid levels. Clinical terms, such as "tuberous" and "tendinous?
which describe localizatian or appearance rather than their specific
chemicél abnormalitics have been used (27). The intrcduction of the
ultracentrifuge has made it poszible to define thavspecijic defect
in lipid transport in these syndromeé. In intensive studies of the
hyperlipoproteinemia associated with xanthoma tendinosum, Gofman found,
"in a group of 18 patients, that the loundensity seran lipoproteins
sténdard S£@ 0-12 standard S£° 12-20, and standard S£° 20-100 were
significantly elevated and standard 5f° 100-400 significantly decreased
in concentration cémpared with the lipoprotein values observed in a |
series of contfois matched by 2ge and sex (3, 4). The high dénsiﬁy
1ipoprotein HDLfl was significantly elevated in concentration coﬁpared
with the matched control group, and the HDL-2 and HDL-3 high density
llipoproteihs were significantly decreased (3, 4). In xanthoma tuberosum
the increase in’lipoprotéin levels is greatest in,the\standard Sf 20-100
lipoproteins and in the standard Sf 100-400 lipoproteins. Tﬁe standard
Sf.iZ-ZOO lipoprotéin level is significantly increased, but to a nmuch
lesser exﬁent than the standard SI 20-100 or standard Sf 100-400

‘lipopretein classes. However, the standard Sf 0-12 lipoprotein level
is significantly lower than in the matched controls (3, 4). The ﬁDLl
levelé’éannot be proven to be significantly altered in xanthoma tubero-
.sgm within tﬁevframework‘of his available data. TheAHDL2 levels are
significantly iqwer than'fof,hatched controls, but the.extent of
1owariﬁg.isAless than that obser%ed in.the metaboiic di#tuﬁbance which

characterizes xanthoma tendinosum. The_HDL3 level cannot be proven
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10. Interfelationships a.rr;on.g lipoprotein measurements and

lipoprotein hydrated density, ‘Lipoprotein flotation characteris-
tics are for Sf 1.20 (0.95 molal NaCl; 2,771 molal NaBr), minus

S or Sf 1,21 (1.748 molal NaCl; 2.051 molal KBr) and Sf 1.063

(1.748 molal NaCl) measured at a temperature of 26°C. The
values of 936 and 217 are calculated from the experimentally ob-

' tained values of 802 and 185 by correcting for the solution (exclu-

sive of lipoproteins) viscosity and density differences between the
two media, For lipoproteins obtained by the Colin procedure,
overlapping and certain hydrated densities are indicated by dashes
and dotted lines, respectively. Similarly, for serum lipoprotein
electrophoretic characterization, the dashed lines indicate regions
of overlapping mobilities and dotted line indicates a region of un-
certainty (or technical difficulties in.determining mobilities). Sub-
script CF, F, and P, and SB refer to Cohn fraction, free, paper,
and starch block electrophoresis, respectively.- Regions of poten-
tially effective measurement by the lipoprotein precipitants are
indicated by the shaded rectangles.
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ULTRACENTRIFUGAL COMPOSITION OF HUMAN SERA

<]_ngh— Densnty_Dq_Ultracentnfugol

Lipoproteins Residue >

10°

10 10°400 100

CHYLOMICRA
e —S Rate—D
LIPOMICRA
1.007 41,063 1,200
gm/ml v/ gm/m! ' gm/ml
egn @ @ (4 -
5000 K 7008 400k 300K 2004 1008 788 ~150 & x 38 &
MOLECULAR DIAMETER (ASSUMED SPHERICAL )
' 18

h-—O*‘SO 260 Pt 364—4;{K 4—}(}6H)‘07I78 6000 D

AVERAGE GCONGENTRATION (mg /100 mi)

MU- 11739

11. The ultracentrifugal composition of human serum showing .
relative molecular size as well as average serum concentration in
45 -year-old males. The non-lipoprotein residue is plotted on a -
thirty -fold-reduced dn/dx scale.



significantly lowex than that for matched coatrols (3, 4)..

Essential hyperlipenia represeants a vaguely defined clinical
State usually discdvered by the incideatzl finding of creamy serum in
a fasting biood specinen, Manifestly, the criteria for such a diagndSis
can hardly he rcgardcd quantiﬁative or definitive (3, 4). Some
authors refer to- xanthoua tuberosun a5 essential hyperlipemia in those
patients with fhe typical cutqh-ouo tubefou» lesions in whom. the
fastihg'sefum is creany. (3, 4) In his considerations of essential
hyperiipemia;'réference is made only to thosc pétients réferred for
Studj-becaﬁse of*creamy serum, buﬁ ﬁho do not show any visible
xanthomatosis leoion (3, H). | . o -

In esuential therllpemia the standard Sf°ldo-400'and
st° 20~100.11poproteins shew the greatest elevation in level as come
paredndﬁﬁimatchéd controls. The standard Sf° 12-20’;ipoprqtein'class
is not.sighificahtly different in level from thaf'of,ihe matched
control.gronp,'lThe staﬁdard Sf° 0-12 lipoprotein level.is significantly
and markedlyilower than.that in ratched conﬁrql groups (3, 4).

- No meéhanismvof bicchemical defect in essential hyperlipo-

proteinemia is understced, even though there are sdme'suggestive
hypothesis (6). Possible defects in the homeostasis of influx and |
‘efflux of lipid substances in the blood were largely attacked.

| | 'Bérgstrﬁm'and Bgrgostrbm'(jj), Frgzér (5&)-Bloom; et al.,
(55) reported on the mechanism of digeétion‘bf fat'and transfer -
v'phenomena in the intestinal. mucosa which .are far frohgcomplete
uhderstanding.‘ | | |

The nature 6f triglycéride rich chylomicron removal from the
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biodd ié only partially ;dlved. Lponential rate of removal and
vdecfeased fractiqnal‘turnover raté by higher initial concentration
of qh&lomicron (56), and tissucs (57, 58, 60) involved in the removal.
lof éhylomicron were reported. |

  3There afe two schools of éhough concerning the site of hydrolysis
and participation of othervlnxprcﬁin in the process of removal of
chylomicrcn (6). Lindgren, Nichols, Freeman, Gofman (32,_33, 59)
and Pierce (60) had suggested the degradation of chylomicron takés
placélprimarily-int:avaécularly. This involves the hydrolysis of
glycerides, with removal of the product fatty acid bound to albumin,
leaving higher density lipoprotein which may be degraded sequentially
' (Fig..iS);
" This interconverSioﬁ procesé has been reported in human beings

' #fter ingestion of fat (61). Even thouzh one author claims that

. paséi?e:exchange of labeled protein and lipid betﬁeen chylormicrens and
other lipoprotein.may mimic actual metaﬁolic "eonversion" (6), it is
quite reasonable to believe there is a &efect iﬁ conversion of chyloo.
microhs iﬁ eésential hyperlipoprotéinémia. Also, the "interconversioﬁ"
defect was propOSGd as the origin of hyperlipemia in the nephrotic
syndromé (62). The report by Biggs and GéfmanAon the tritium labeled
cholestercl study is conéistcnt with the above idéa (63). |

| It is also sﬁggesfed.chylomicrqn triglyceride does noﬁ pass'
through other low~density lipoprotein in plasma during iﬁs removal;
or it may pass With rapid turnover rate. The poséibility of intact
qhylomicrén removal was suggested (64, 65). In any event, it is.

quite reascnable to believe thai two processes are ceapeting with
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Fig. 12. Model of serum lipoprotein transformations. between the

various lipoprotein classes found in human sera, presenting _
schematically the pathway for the transport of ingested fatty acids.
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‘each other in human chylomicron uCt&bO¢lSL.

Chaikoff, et al., ghcucd some dlffCPbﬁC“ in the dis appoarance
curves for labeled cholesterol ard labeled triglyceride in the
rats (66). Whether an abnormally slow rate of rexoval or rapid in-
flux of 1ipid i%'the cause of the defect is not yét clearly understood.
'Ihanhauser (67), Croffora (68), Lever (69) havevreported slower
clearance from bloed and Crofford (70) reported an accelerated influx
of 1lipid inte the blood stroax. | |

The interrelationship between the lifoprctein lipase and hyper-
lipoprotginemia is not yet coﬁpletel& established, even though numerbus
‘works have been done on this.hydrolytic4enzyme (71, 72,'73, 74, 75, 76,
. -

iipop *otein lipase deficiency was reported in some cases (?8
'79) but another did not detect it (70). Schettler suggested that
chylomicron may have abnormal ccomposition, but Fredrickson reached
the épposite conclusién.v(é) |

The abnormal nature of lipecprotein is not yet clear, but
what is clcar is the existence of an abnormal llpop otein transport
pattern G b, b9, 80).

The pos°ible asgcclatlon of hyperllpoproteinomia with car-b
bohydrate retabolism was reported (5, 28, 68, 81), but the nature is
not clear in the'hyperlipoproteinemia. Net synthesis of triglycqrides
involves the intermediate formation of phosphatidic.acid and, 1,
2-dig1yceride,(82). ATP and Acyl CoA are esséntial fqr thesé steps_:

(82), and it is logical to assume that a major‘share-éf the.latter comes

from glucose degradation (6). Langdon (83), reported in those lines.
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_ COMPOSITION OF LIPIDE. MOIETY OF MAIN LIPOPROTEIN CLASSES
(average of 9 cases) '
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Fig. 13, The average lipide composition of nine individuals is given

with respect to the three major lipoprotein classes. The phospho-
lipides are presented as a single fraction,
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The cholesterol a°pect is also incompletely understood. The liver

is reportcd to be the organ responsible for its homcostasis (8%, 83,

86, 87).

| ':Hellman, et al., have shown no difference in the rate of acetate
 in¢6rporation as dgtermined.by appearance of radioactivity in the plasma’
iin’hyperéholesterglémia (88). Since diabeteg is often aSsocigted with
hyﬁersholestereﬁia,it is-iﬁtefesting.that whereas Wilkins (89) found
no abnorm#1ity'ih the glucose tolerance test Waddell (90) reported
abnormal gluco»e and insulin tests in'ﬂuahypercholesterolemla or
:hyperlipemia because 1ncreased hexose monophophate shunt and increased_
gproduction of TPNHZ would lead to ‘increased chclesterol synthesis (91).
fThe:catabolism of cholesterol intoAbile acid was studied.(92, 93, 94,
;95, 96); Biggs and Gofman have made anbinteresting study with tritium
1~1abeled cholesterol on the dynamic aspect of lipld transport in
" health and. disease (63). These authors reported a‘differencevof
;.specific”aativity of free aﬁd3eéterified cholesterol level between the
blood of normal,.xanthoma.ﬁuberosum and xanthoma tendinosum (Fig. 1,‘
2, 17, 18). Alsé“they showed this specifié-activity absorption curve
is a functionwof the S£%-12 versus St® 12-400 lipoprotein molecule
in the serum and concluded that it is consistent with their idea of
‘Vmigration (63)0 _

The endocrine #nd viﬁamin aspects were repdrted (97, 98. 99;

100, 101, 102, 103, 104). o o |
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LIPOPROTEIN N-TERMINAL AMINO ACID DATA
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Fig. 16. Major N-terminal amino acid composition of the serum
lipoproteins, The rectangles are placed to indicate which lipo-

protein bands within the total lipoprotein distribution were

studied,

Trace cornpomment are not shown,

Dominant components are shown in the longer: prlnt
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Fig. 17. Séhemaj:ic representation of exogenous cholesterol metabo-

lism in the normal patient. The Sf° 20-400 lipoprotein pool is
small and hepatic uptake is rapid.
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II.

‘The relationship of lipid to mineralvmetabolism was shown.

by many'authoré, Lewis studied the sefum iipids of=fahadiumuindustny
and found a 1ower mean serun cnolesterol level in the wormer than the
confrol (105) Curr3n, et al., also iound:the serunm level.of freo
and total cholesteréi inthe ybung normocholé#tefblemic'subjects
iowered by‘vanadium'salt édministration. !He also noticed reduction
of C/P ratio (106), but no significant change in serum phospholipid
levél° .Severai authorg'répbrted in those lines (107, 108, 109, 110,
111). | | | | | |
| Salts of vanadium alsc h#ve Seen shbwn to inhibit utilization

of mevalonic acid for choleéterol biosynthesis (107), possibly by
competing_with manganese of magnesium required for conversion of
mevalénic agid to lsopentenylpyrophosphate by two succéssive reactions
with ATP (112). | |

Wright, et al., reported vanadyl inhibition is probably a
reflection of the inability of a system to maintain a functional
level of ATP (113). | |

Manzanese increases the incorporation of Cigolabelléd acetate
in cholesterol and faﬁty acid (108). Tietz (114), Wakil, Portéf‘and
Gibson (115) reported similar findings with the synthesis bf‘fatty
acids in vitro. | |

Chromium increased-hepatic'cholesterol‘and fatty'aciQ‘(lOB)n
synthesis by pfomoting the reaction between cytochrome ¢ and succinic
dehydrogenase (11).

Chromium differs from manganese and vanadium in that it is
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dmediatedithrough a stimulating effect of ehromium'on'carbohydrete-~»
_metabolism.sith resultant production of sueh'cofactors for"lipid syn-
theSis as reduced diphosphopyridine nucleotide and triphosphopyridine
nucleotide (116) It vas also suggested by studying of antagonistie
iactions of these metals (116)
v Iron was reported to posse 5 moderate depressant action on |
'cholesterol synthesis ln‘VltrO end a,lesser effect on,fatty»acid
synthesis (116) | |
Many relations were- reported on these metal functions on the
above issue ard (ll?, 118) suvgested the possibility of an etiologio
vanadium deficiency needs further investigation (119)
.”"‘ Arsenic was also reported for its inhibition of cholesterol
biogenesis (120) ' ‘
| Cadmium and lead were reported to possess a lowering effect
in the serum cholesterol of rats (121) Zyl reported elemental iodine
caused a decrease of serum lipids in totally thyroidectomized baboons H
(122).
| Perry, Camel_have demonstrated that abnormally elevated levels
of cholesterol in human plasma diminished fellowing parenteral admin-
istration of disodium calcium chelate of EDTA, CaNa, EDTA and sub-
sequently there is a markedly increased zincuria and increased excre-
tion of Cd. V, Pb and Mn-in the urine (117, 123). It was interproted
as indirect'action rather than due to the molecule per se by Boyle,
.Clérke. Mosher and McCann (124). The& also found no constant changes
in thevtotal cholesterol levels of plasma or in the ChOIesterol level

of the three lipoprotein fraction (Sf° 20-400, SfO 4-20, and HDL)
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studied (117). Also they showed one of the two patients with xantho-
matosis showed good response with a somewhat smaller daily oral in-
take of CaNaz EDTA for a longer period of time (117)

_Caplan, Curtis reviewed hyperlipemia and xanthoma of skin
produced by cobalt (125).

A sllght inhibition of synthesis of triglyceride was suggested
by the lowering of'radioac@ivity of triglyceride synthesized by rat
‘1iver from Cl¥-1abelled acetate in the presence 6f‘vanadium (108).

fbe hetal effectvon phosphoiipid metabolism was reported by
bivBernheﬁmand Bernheim., They found that vanadiuﬁ increased the
‘oxidation of phospholipids (126, 127). In 1956, Mountain, et al.,
also showed that dietary vanadium éroduced a lowering of hepaiic |
. ,phospholipid content (110).

From a P32 study Snyder and Carnatzer have 1nterpreted the
decreased hepatic phospholipid value after administration of vanadium’
"waé due to the iﬁhibition-of phospholipid synthesis (128).

The interrelationship between.gggggg.deficiengy and phéspho-

- 1ipid was carefully studied by Gallagher, Judah, and Rees. ‘fhey'demon--
. strated_that the defect in phospholipid synthesis in copper deficient
rats was due tb’an abnormally low capacity to couple acyl coenzyme A
W1th ck-glyoerophosphate to form phosphatidlc aclds (129).

Snyder, et al,, also noticed abnormal fatty acid ox1dation in
the fatty liver induced by cerium (130, 131)°

Selenium was also'reported for its fﬁhction on_lipid’métaboliSm'
(132, 133).

Thus, chemical'elements and the linkage between lipids and
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protein ih lipcprotein are'féscinating tiddles é“d quite'bossibly‘thef
keys to tha questlc“ of how the plauma lipld is rebulated in normal

and abnormal llpid metabolism (112)
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Several chemical elem¢nts are shown in this study to be
significantly different in the xanthona tuberosun and xanthoma
tendinosun. | |
Althﬁugh the differences are significant, they are not
large. Listed in tables are the elements showing abnormal differeﬁces,

Table:

Significant differences expressed in ppm of the mean value -
, of -the reference population and also between two xanthomatosis *

Mean Value Difference Difference Difference

Element in in in ‘batween
' Reference Xanthoma Xanthoma Two
Population Tuberosum Tendinosum Xanthomatosis
Phosphorns 163 16 ‘ 6.6 9.5
Sulfur 1201 20 s 646
~ Cholorine 3798 354 143 210,
2inc 0.80  =0.09 0.4 =0.1

*underlined values showed positive siznificant test at 5% level. .

Serum phosphorous occurs in several forms as does serum
sulfur or serum zinc9 Since x-ray SpectrdscOpic_analysis of
chemical elements does not diécriminate between the various chemical
strugtures of a particular‘element; it is sometimes quite useful.
Thus, it provides total concentratioh of all forms, organic plus
.inorganice | |

Serum_total phosphorus findings. Total serum phosphorus

represents the sum of contributions from all phosphorous-containing

entities of serum, organic and inorganic.
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Literature tabulations (13%4) shows 35 ppm (3.5 mg/100 ml) for
sorum inorganic phosphoras (HzPQZ, HPOZ POE), and some 92 ppm as |
.phospholipid phosphorus, there is left some 36 ppm of phosphorus |
 distributed among all other forms (135, 13). If this observed

aberration in serum total phosphorus level in xanthoma tuberosum is
- due t0 one form of sérum'phosphorus, itis# sizable alterétion. ‘Why
do two diseases shqw a different value? If one agreés with one author who
“described it as different‘manifestations of the same disease (6) he
 i$fvery unlikely to expect thesé results. With thiéraata, it is
impossible to know which form of phosphorus is high. It is interesting
to match this.with phoépholipid phosphorus since there is some |
different phospholipid diét;ibution among varioﬁs‘méﬁbers'of the
iipoporteip transport systemo _ |
_ A¢c§rding-to Gofﬁan. Freeman, deLalla;‘Nichols, Lindgfén
} (4,“49) the phospholipid contents»éf-various_lipoproteins-in xanthoma .

Tuberosum and xanthona tendinosum shows as Table 3.

~ Phospholipid content

Lipoprotein Xanthoma -~ Xanthoma Fraction of Fraction of
Classes - Tuberosunm ‘Tendinosum Phospholipid Lipid -

‘ : Lippprotein'v Lipoprotein o v :
HDLy. . 25.6 . 25,8 - 0.20  0.50
HDLp 5 38.54165.9  M.9+IA9.8 - Ok 0,50

Sfopo 3™ 793 0.25 = 0.75
SFaou00. 1266 e 0020 0.90

The phospholipid phosphorus calcuiated'from the table'

above shows the following values:
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Xanthoma tuberosum,

{3 (0.25) (0,75) + (25,6) (0.2) (0.5) + (38.5 £ } o
165.9) (0.44) (0.5) + (1266) (0.2) (0.9)

= 134 (ppm) ) (Phospholipid phosphorus)
Xanthoma Tendinosum |

écw)(zs.s) (0.2) +1459 +149.8) (0.44) (0.5) +(793 } ok
+150) (0.25) (0.75) + (164) (0.2) (0.9) - *

= 96 (ppm) ) (phospholipid phosphorus)

These data agree very well with x-ray spectrochémical
data. . S
| It is very intereéting that 36 ppm component of the
,phosphorus is very'much decreased in xanthoma tuberosum whereas in
‘xanthoma tendinosum there is no effect., If this 36 pﬁm component
is used for some 1ip0proteln tranSport system or some other lankage
:with proteln. it is suggestive that the two diseases may have
‘distinctly different struttures of lipoprotein system beyond just
ultracentrifugal differences.

" Chlorime: Chlorine in the serum is probably mostly
in the form of choloride as the predominant matching anion for Na.

Chloride ion has a véry weak affinity for combination with
protein, Evidence of its binding to protein in biclogical fluids and
tissues is sparse and inconclusive (139). | 7 .

About 2% of serum chloride at the most, binding to protein
was described by Cotlove and Hogben on the basis of Mautry's annan-
equilibrium experiment, if the result did not stém frqm analytical
errvor (139). | It was suggested.thaﬁ thé binding of chloride in
~ plasma is likely to be less because of competition for protein-binding
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s;tes by substanceo with higher afflnitles fatty acids amino aé;ds,
'organlc acids and other proteins (139) |

- vadence‘for protein bindlnv of Cl was obtalned by evaluatlng
ioh—p:qtéiﬁ ihteractidn (l40). The binding affinlty of Cl “for serunm |
glbumin ié about ene-fourth that of I” and binding readlly reversible.‘
). | '

N The average number of moles of anion ‘bound per mole of serum
'axbumin increases at lower pH with increase in. net p051t1ve change
_ on protein..and increases at higher concen@ratlons of anion,_ (139)

_ o " Several detaiie@ interpratations of bin@iﬁg data have been
'pfoﬁﬁsed (141). .Also,'chloridé_is reported to havé.binding withi
. globulin (142). |
| .Tﬁe-activation of éhzymé by C1™ was showﬁ=in a few insﬁéhées'
(139), among them. Mammalian amylases, polypetidase converting hyper-
tension I to II (® plasma~convert1ng enzyme") (143).. |
| It is of interest to study to what extent the above-deranged
chloride of hyperlipoproteinemia is_diffe:ent from the normal funce .
vtional rangé;' Also, it is desirable to know the distribution of
chloride between intra and extra—cellular'compartments, and theudifference
in the Cl“.énd lipdpréiein interaction in the hyﬁerlipoproteinehia.‘ |
None.of the sﬁbjeqts could be suspécted of baving other coﬁn
ditions known to bring about chloride deraﬁgemenﬁ,‘eog,, diabetic
acidosis, gastroinfestinai'fluid ;oss and starvaiion, adrénocortical
.iﬁsufficiency, Renal tubular acidosis, uremic acidoses,'or-congestive

».heart failures.

Serun sulfur finding: Total serum sulfur also represents the

.sunm of contributions from a variety of chemical entities, organic and
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inorganic.

The sulfur valuc are very much lower than éur X-ray spectro-
chemical data becuase, as one "ould expcct it is customary to report .
serun sulfur as the sum of inorganic plus organic forms without the
protein er other macromolecule sulfur which ray contribute by.its'
‘amino acid or bound sulfur (135, 13). A value bf 85.5 ppm of
serum sulfur was rcported (134). Since the mean lével of the healthy
reférence group sample‘is reported‘as 1201 épm, it would follow that
'agproximately 1115 ppm 6f sulfur must'be'bound in proteins or other
macromolecules'(135). |

According to Edsall (137) the following data could be obtained

for the sulfur content of serum proteins:

Albumins -  1.96%Sulfur
=" Globulins 1.02% sulfur
= Globulins 1.32% Sulfur

Calculation done by Gofman (136) based on de Lalla, et al.,
(138) report on the protein-bound serum sulfur_shoué:

.6 x 0.0196 + 1.5 x 0.0102.+ 0.3 x 0.0132 = 0.109
gms of sulfur per 100 ml serum

(b.6 gn¥ for albumin, 1.5 gnd for globulin and 0.3% for-
blobulin) (138)

' Approximately 7% (some 85 ppm) distributed among inorganic sulfur
Plus sulfur in various Small molecule organlccompounds.'
Approxinately 70% (some 840 ppm) as cystine, cysteine and
‘ methionine in serum albumin,
Approximately 23% (some 275 ppm) as cystine, cysteine, and

' methionine in various serum globulins (13%).
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‘»Expressed in ppm, 1095 ppm protein-bound sulfur is'ealculafed
(136). | -
As in the ease of phosphorus, it is interesting to’knoﬁ what
iorM'of sulfur 15 cheﬁged. Thelcomparison of the sulfur in the ﬁwo
different genciic diseases.is also significant. Whether it is
{he direct result.o£ thevlipidvpert or proteih part of the lipe- .
protein transport system or_somevother ﬁetabolic abnormalities
.influencing hemeestatie'mechahism of sulfur remains.a_challenging_
”ﬁnsolved problem. . No known sulfur lipid exists in the plasma;v -
although it does in other tissues (e.g. brain tissue). Structural
studiee of pretéin moeity efllipoprotein might_previde the_key
information about the above metabolic derangement. o |
‘ Zinc'A This element shows a p051tive significance test in>,
':the dlfference between the twe groups of xanthomatosis. aven
though the individual groups do not have significant dlfferences .
iwwith respect to»the‘reference\group.u.lt is quite‘true further
'vstudy is necessary before(gaking'any conclusion. _Howe#er;'this
'eiimited data.doee:show theAdifference between the groups to be
‘.Vin.the opposite senee. ‘This should'be further explored with a
ﬁere ideal reference eontrol.and ; greater number of patients
‘because zinc forms about four different metalloenzymes which a:e
inﬁelved'dehydrogenation_process in TCA eycle and also glycerol paft
of.fatty'aeidwmetabeliSm (alcohoi dehydrogenase) (144)5
At first élance it is interesting that two dieeases'v

‘show distinct different values for these elements. It is in
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qu1te good agreement with Gofman‘s xanthoma cla551flcation

based on ultracentrlfugal flotatlon rate of lipoprotein in the -
serum of hyperlipoproteinemia. Even though the exact biochemical
significaﬁce still rem#ins uncertain, two inherited inborn
metabolic disorders.ﬁhich show different lipopfotein.transport and
different.homeostasis of chemical elements could be genetically.

distinctly different disorders.

Other élements such as vanadium, arsenic, iron,

-ghromium, cobalt, copper, cerium, selenium, iodine and-manganese which

 are discussed in relation with lipid metabolism do not show any
significant difference between the twovtypes of xanthomatosis at the level
where this technique could detect. It might be quite possible that £here
were some changes at a lower level where our teéhnique cannot reach
or some alteration at some organ other than Serum. But, nevertheless,.
it is quite interesting that they do mot show any significant difference
‘when other elements do.
| Future of hyperlipoproteinemia research: Since all:
lipid in plasma is transported in association with protein as
'lipoprotéin'molecules, abnormalities in the linkage bond or in pro@ein
structure could also play an etiologic role along with other der#ngéd i
lipid‘metabolism‘o Ultracentrifugal work achieved by Gofman. et al.,.
on the xanthomatosis was ingenious since it deseribed the 11pid
metabollc disorder as a "llgld-protein“ dlsorderc

The x-ray Spectral data is qulte stimulat:ng since it may
suggest also disturbances in the protein moiety of 11poprotein macromolecules
In short, all of lipoprotein metabélism, normal and abnormal phendmenag



- 70

are related to the fine structure of 1ipoprotein, protein and
. lipid; , | |
The so—called'structure of protein, which consists.
f‘of amino'acid.sequence, spatial<configuration;-the electric charge
fdlstributlon in ‘the peptide chain at microscoplc range is in dynamlc
equilibrinm wlth 11p1d component. A subtle linking bond produces a '
-phighly specific'feacfionvand thus leads to a specific biochemical trans-
' formation o energy transfer (145). The'intermoiecular forces within' '
5bloleg1cal macromolecules and also the intramolecular forces of such
| molecules remain unsolved theoretlcal problens (1#5). _
| * A'more important but rather difficult assigmment is the
.determinatlon of llpoproteln conflguratlon in the colutlon. it is more
‘1mportant because water is a major conetltuent of an organism, and
11p0protein ;sihnctlonlng with the mediation of plasma. This shbgectv
can be approached from various.angles by the various scientific fields
and dlvergent approaches can be unltedo o ‘ : )
‘ Exten51ve and joint appllcatlon ‘of various research

techniques‘involv1ng both phy81cal and phy31o-chem1calvmethods {e.go .
Llnderstr¢m-Lang's deuterium exchange method Doty s optical rotation
: diper81on method, electrlcal conduct1v1ty. flourescence Spectra. |
'ultracentrlfuge, xsray daffractlon. 1ight scatterlng. 1nfra-red
cspectroscopy, electron mlcrocOpy, flow blrefringence, electr;c _
' blfrlngence, vmscoszty, etc.), chemlcal methods (I.e.. paper chromatography,
column chromatography, 1sotop1c tracers, term;nal analysis._etc.) and
also new iechnique developed E. Mc R. for measuping free radical and N.M.R.
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for spatiallcOnfigurétion and hydration of protein molecule (145)
should be properly applled to understanding this macromolecular genetlc |
disorder at the molecular or submolecular level, Indeed, 1t is so
profound and mystefious.that it requireé‘further and further
‘exploration. - - |
|  Metals, enivﬁ 2s, lipoprotein, lipids and gwote

in bygerligogrotelnemlag other inborn errors of metabolism and ;;___i;' )
‘henomen 2o these are CHALLENGING PROBIEMS to all phy51clsts, chemists,

blologlstsa biophysicists, nolecular blologlsts, medical sclentists,, |
‘matbematlcians and eng ineers at Rresent and in the future.
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Fig, 19. Serum elementogram in ostensibly normal man
arranged by elemental groups and periods (from Z =15
through Z =92),

Does not represent the table, (17)
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TABLE 1

X-Ray Spectra Analysis of Sixty-Six Chemical Elements in
the Serum of Xanthoma Tendinosum

Z= 15 -~ z=16 2= 17

4 Serun -Serum Serum

Subject ] Diagnosis Phosphorus Sulfur ‘Chloride
w2y  Xanthoma 151 1107 R 3507

Tendinosum

25 = - 169 1298 3921
2 12 8y 3764
0 . . 1720 124 3983
32 | | 163 1201 3797

%9 : 188 135k uege
200 - - W6 1204 4093
{'201 - | 188 ¢ 1237 3908
f'zoz " 166 1225 . 3871
T 182 13% koo
ko9 ; 1% 1150 3638
T 168 a2 3917

'ppm mean | ' 170 T 1246. 3942

ppm Se Do o n9 . B2 1833

ppm So Ec - ‘ . 295 180)4‘v 5800

%24 is not included in statistical calculation because of its
partial hemolysis. : :

S. D¢ ='Standard deviation
" S. B. = Standard error '

[Continued]



74

TABLE 1
Z= 19 Z= 20 Z=21 Z=22 - Z=23
o Serum Serun Serun Serum Serun
Subject Potassium Calcium - Scandium  Titanium Vandium
: not not. ' ' '
2k available 1108 available .'-O°06 ' 0.05
25 183 106 ~0.12 =0.10 0,08
29 175 | 102 eE i able -0.08 - 0,02
30 . 18k 115 S -0.09 0.0L 0.0k
32 17 109 - -0.0k 0,17 0.09
, L , - not_ _0°70 - ,{ -
199 200 07 mvallaple. 010 0.0k
200 - 19 © 113 0.31 . T =0.13 0.06 .
200 182 115 - .07 . =0.15 0,00
202 180 113 ~0.07 -0.01 0.0
3 197 118 0.0 =0.09°  © 0.03
409 169 113 '~ -0.20 . =0.06 . 0.04
21 183 121 0.05 0,03 0.05
" ppi. mean 184 112 0.00 -0.08 0,04
ppm S. D. - 8.6 5.5 0.22. 0.05 $0.03
ppm S. 'E. 2.7 1.8 o.07 0.02 . 0,01
58L | -0.k2
759 - 0.15

[ Continued]
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TABLE 1
Z= 24 ‘.2= 25 7= 26 =27 7=28
: Serum .Serum ' Serum Serun Serun
Sulject Chromiunm Manganése Iron Cobalt Nickel
24 0.00 - -0.02 Zg:ilable ~0.01 -0.05
25 -0.03 -0.01 1.17 ~0.02 ~0.04
29 ,. -0.01 . =0.03 '. .74 . -0.03 -0.04
;v3o  0,00 0.00 0.82 -0.01  -0.08
32 -0.02 0.00 1.1k 0.01  -0.06
199 000 0.1 0.82 0.00 = -0.07
200 . 0,00 0,02  0.72 0.03  -0.07
20 0.1 0,00 0.96  0.00  20.06
202:.; 0.03 0.01 077 0.00  -0.05
o -0.02 0.07  1.09 ~0.10 -0.06
4oy 20,02 " 0.02 1,16  -0.06 -0.04
w002 0.0k 117 -0.05 - -0.07
584 ’ o 0.82
759 0,22
ppm mean :'Q;oo 0.02 089 -0.02. .5140-05 L
ppm S, D, b;oz_' Co.o 0.2 0.0k o1
ppn S. E. 10,00 10,01 - 0.07. 0.0 0.00

~ [Continued]
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Z= 29 Z= 30 Z= 31 '.bz.=- 2 - 2=33
: , Serua Serum - Serum Serun. Serum
Supject Copper .Zinc Gallium Germanium - Ars,enig‘
24 163 1.03 0.06 . | 'o;ol'f' - 56;01 :
25 1.36 0.6 | 0.06 '0;08  . -0.01
29 1.38° 0.65 0.06 0,01  ;>"fo.dl:
0 1.29 0.72  0.07 20,01 0,07
32 1.26 0.81 ~0.05 o.01‘ :;Q,OZ"
199 162 0.9 0,06 0.03 © 0.07
200 227 0.0 0.05 0.6 0.0
201 130 097 0.07 -0.01 0.0L
202_ 1.22 0.87 0.03. 0.0 -0.01
3% 1.29 - 0,71- 0.07 : 50;08" p,Qb,
‘409 - - 1;20; .6;83 _ | lfo,olv B _0;67 ;_fo,qiu:
21 _' | 112 '0.99  L0.04 ,';o.os'_ g d;ojl'
e 2.3 073 o o
759 L.k 0.82

812 - 1,02

ppx_n mean . 14§ | 0& 0.04 , 6.00 " 0.00 -
ppm S. Di’ - 0.% 0.13 0.03 0.05 0.03
ppn S. B, 0,01 0.03 - 0.01 0.02 .~ 0.01

[Cohti-huec_l] -



Subject
24
25
29
30
sz
199
200
201
262
37k
40y
421

ppm mean -

ppm S. D.

ppm S. E..

Z =34
Serum
Selenium

0.09
0.04

0,07

0.09

0.12
£ 0.01.
0.03 .
10.01
0,06
0.11 |
0.12

- 0.21

0.08
0.06

0.02

TABLE 1

Z=735
Serum.
Bromine’

3.83
b.55

312

3.81
4,87

4,85

4.92
5.41

366

3.68

1.87

2.80

3,96
1.03 .
1 0.32

*>24 was used

Z=73
Serum.
Rubidium

-0.10
0.33
0.21

©0.23

0.16

0.20
0.16

0.10

0.08

0.14

0.10

.0.09

-0.16

0.07

0.02

%= 38
Serun
Strontiun

0.07
-0.06

-0.03

. =0.01

-0.07

-0.08

0.03

20.03

0.0k4

-0.05

-0.03

-0.02
0.0k

0.01

77

z= 39
wverunm
Yitrium
-0.01
0.03
0.06
0.10
0.05
-0.10
-0.12
-0.02 -
-0.02
0.02 .
0.00

-0.01

0.06

0.02

[ Continued]
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gz 10 Cgz=l z=u2 Z=L4L 2= 45

: *Serum '~ Serum  Serunm Serum Serum ‘
Subjeéct . Zirconium Niobium Molybdenum Ruthenium  Rhodium
2k -0.08 . =011 ,,-o.za'v 0.10 020
C25 013 025 -0y -0.15 o027
;'29 o2 —O.¢5 o 0.8 =019 0.07

0 f40-33"-v  S S1.951 - =0.33 0.19 0.00°
'3231';f L 0.3k  'ff' 0.02 0.5 0.05 ~0.24
199  o8 ~0.13 3 0.47 05  =0.30
200 c ~;o;27 o '] ;0.30 031 0.6 -0.26
'goi B o1 =013 031 0.0k -0.1 }
202 0.73 ) 20435 10.85 . 0.8 . -0.11
374 - -0.08 o 0.08 | o 0.22  _0.04 ~ -0.51
w9 013 0.03 09 0.2 -0.15
b1 ~0.60 00k 0.07 0.05 -0.02
. Ppm mean O L0.1k , _0.31‘ B 0;15' © 0.04 - '-Q;li--
 ppm S. D. . 0.2k 0.53 0.39 0.12 - 0.22
~.ppm S. E. . 0.11 0.18 0.12 0.0k O 0.07

* 24 was used

[Continued]



Subject:

2h
25
29.
30
.

199
200
201
202

e
09
42

: ppmbmean
- ppm S. D,

pp S, E.

Serun

Palladiwna

0.07
-0.22
0,38
0.28
0.23
0.05
-0.09
-0.51

0.00

0ﬁ037
. ‘o::ou’

0.37

~0.03

0,26

1 0.08

Z= 47
“Serum
Silver

-0.16

0.11

- 0.28

0,19

0,15

0.25
0.35
0.39
0.3

Vofzz

0,24

0.09

1 0.20
©0.29

0.17

Z =43

Serum

- Cadmium

not 4
avajilable

0.18
0,09
-0,04
=0.03
0.02
0,02

-0,08

- =0,28

~0.75
-0.37
=0.92

-020 "
- 0.33
0.11

Z= L9
Serum
Indium

- =1,04

~2.77
0.25

- 0,09

~0,77
-0.22
~0.06
-0.18
0,41

"0920

0,05

0,23

0.3

-0.86
0,27

79

Z=50
Serum
Tin
-0.08
-1.23
- -0.36
0,06
+=1.38
-1.38
1.04
0,10
0.21
0.7
0.03
-0,43,

-0.32
. 0.71
0.23

‘[Continued]



Subject

24
25

,.29-

'32_,

199

”200 |

201
+202
374

. 409
k21
ppri mean

ppm S, D.

pom S, E.

2=a
Serum_
Antimony
- .2.16
‘ -0.88
0.6 =
sk
-1.16
-0.30
~0.76
1,19

0.26

-0.15

-0.06

0.07

m-0.37
0.5
0.18

TABLE 1

= 52
Serum
Tellurium

- =0.25
-0.14
2,04

176

1.34

-0.43

-0.23

-0,03

,40.@0.

~1.88

;1.81v

~0.42
1 .. 41
0.45

Z=5 -
Serum
Jodine

-0.78

-1.50

 0.89

0.23

-0.17
0.50.
R

0.27

1.06

-1.68
0.72

-0.01
0.84
1 0.25

80

7= 55 z= 55
Serum Serum
Cesium Barium
0.43 0.19
0.32 0.37
0.60 0,08
0.36 0.730
ok 0.06
 o.3u-u 0.30
0.14 | _o.iz
S 0.36 0.19
0.31 0;23
018 10.30
0.33. 0.29
0.3 0.26
0.3 0.23
0.12 0.10
fo;ou - 0.03

v[Cdntinued]
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TABLE 1
=5 . 2=  2=5 2=60 Z2=62
‘ Serum = Serum Serum . Serum Serum
Subject Lanthanum Cerium - Praseodymium Neodynium Samarium
. _ v . v 4 ‘ not : .
2k 0.27 0.16 Cavailable 0% -0.06
25 o 0.32 0.28 . . 0.10 0.09 0.10 .
L : not : ~ A : :
29 . -0.27 0.0k - available - | 0.00 '0‘96
30 C=0.31 -0,03 . =0.02 “ 0.02 0.09
32 -0.32 0.3 =0.05 -0.03 0,23
) , S ’ not ‘ o ,
199 =0,17 =025 available ' 0.05 0.21
1200 .0.22 0.0z - =0.05 . =0.02 0.18
: ’ N "~ not . : '
‘29;: -0.28 0,07 i le .o.oz 0.09
202 -0.22 0,53 0.00 =0.07- 0.10
% -0.20 =011 0.0 012 -2
:4097 -0,20 0.14% 0.03 o ‘o,oo -0.08
21 -0.16 ©-0,10  -0.03 0.63  =-0.26
584 | | - =0.05 .
ppm mean - -0;15" " 0.01 "-0.61 0.03 0.04
ppm S. D, 0.18 0.2k 0.0k 0.05 0.16
ppm S. E. - 0.06 0.08 502 o002 0.05

b'[Continued)



82

TLBLE 1

2= 63 z=64  z=65  2=66 z=67
i Serun - Serum Serum - Serum Serum
‘Subject ~ Europium. = = Gadolinium ) Terbium - Dysprosiunm Holmium
ok ooz w00 o2 ok
25 0.5 S 015 =00 0.08 '” 0,09
29 0,20 =0.17 . 0.02  =0.04 o 6.131_
30 0,18 -0.03 e '-0.01.’“ 50.07" o ;o,i3qf
32 ;_,o.la_ -0.28 007 0.03  =0,09
199 -0.02 “0.19 . 0.05 - 0.08 018
200 -0.04 0.21 ~0.14 20.25 =011
j201' : 0,66‘ -0.19  =0.06 - 0.03 - 0,04
202  _0,19' -0.07 | 0.03 | o,ij - =0.11
3 =0.89 -0,09 . =0.04 0.08 0.2k
409 =026 0.03 002 0.14 0401
Wi =013 0.17 - 0.10 -0.28 0.0k

ppm mean  =0.07 : =0.11 - =0,02 ~0.01 : ¥dp01

ppm So Do 0029 ) 0012 0007 091)“' 0011
ppu S, E. - 0,09 - 0.0k S 0.02 . 0.04 0.03

. {Continued]
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TABLE 1
?_.‘= 68 Z= 69 =70 | Z= 7 Z= 172

, . Serum Serun Serum Serum Serum
Subject Erbium = Thulium Ytterbium . Lutetiun Hafnium
oo 0,06 0.04 -0.07 . =0.30 - 0.24
25 .0,04 =017 . 0,00 =0.03 =03
29 w0.0b =0.05 0 -0d9  <0.03  -0.18
30 008 - 0.25 07 obp . -0.23
32 0.03  -0.01 0,22 0,63 0.47
199 0.0k  0.22 0.25 0.5 -0.05
" 200 ©0.06 0.16 0.23 20,02 «0,07
201 0.03 027 - 0.1k ~0.31 0.3
202 0,10 0.18 .~ 0.16 0.57 -0, 56
S 0,07 0.22  0.09 063 -l.01.
1C ho9' 0.2 0.06 '-0010 - 0.6 - -0.73

21 0,02 . 0.08 -0.02 0.22 - -0.85 |
.ppm'meah-. 0,00 © 0.1 0.06 .. 0.17 | -0,30
CpemS. D, 0.06 0.1 0.15 0.0 0.50
‘ppm S. E. 0.02 - 0.0k 0.05 , 0.12 0.16

[ Continued]
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. TABLE 1

=73z z=7s o z=96 z=7
i : Serum - Serun Serum - Serum Serum

' Subjeqt Tantalum = Tungsten . Rhenium . Osmium Iridium
2% 1';:- 0.3  -0.13 0.00 . 0.53 0,02,
:25f 5  ~0.04 | 0,15 ’fj'i -0.09 - 0.39 0,09
29 0y .22 -0.02 0.10 -0.05
30 048 .23 0.0k -0.29  0.02
32 0.53. 0.08 =003 -0.38  0.08
199 0.3k 0k 0.0 -0.bb 0.07

2000 032 ~0.26 0.0z 0,00 0,00 :
,f201f;;' U0 =005 0,00 0,03 =0.07 B
rizozsj., 0Lk | 0,00 -o,1é_v 0,25 o0

sk 0.26 016 0,05  -0.13 0,01
?f4b9'; 035 0.23 2,07 -0.85 0.1k <
}j4§;¥' 0,42 0.32  -0308' O =0.19 0.00

‘ppm mean - 0,30 -0.01 015  =0.18 0.0l
ppm'S. D.: . 0.16 0.04 0,61 - 0.3 0.06

ppn S. B. . 0.05 0,01 0.19 0.10 0.02 -

: [Céntinued]



.Subject
24
25
29
30
-2
'"199f
200
201
202
37k
1409
Ju21

ppm mean

ppm S, D.

”ppm:sqlEo

Z= 78
‘Serum
Flatirium
- 0.40
0.30
0.10
0,35
0.33
0.42
0.09
0.30
0.33
0.37
0,15
0,01

0.26
0.13
0.04

TZBLE 1
2= 79 Z= 80
Serum Serun
Gold ¥ercury
0.02 0.81
0.01 0.51
0.68 0.12
0,10 0.05
0.32 0.21
0.54 0.10
0.32 - 0.15
0.9 0.20
0.43 0.20
20,07 1.22
- .=0.13 10.06
-0.20 0.28
0.23 0.26
0.28 0.31
0.09 0.10

35

2= 31 2= 82
Serum Serum
Thallium Lead
0.20 0.26
~0.0k 0.40
~0.06. 0.23
-0,09 0.24
-0.01 0.36
0.00 - 0,30
-0.06 - - 0.33
0.08 0.21
0.00 0.30
-0.16 0.20
- -0.06 0.6
0.01 0.41
- =0,04 0.30
0.06 0.07
0.02

0.02

[Conﬁindéd]'



TABLE 1

=83 z=9%0  2=92

- Serun Serum Serum .
Subjeqt | Bismuth . Thorium Uranium -
24 =0.06. 0,00 0.20
25 009 - 0.0k  0.07
29 0.5 f=,ov°o'6' 0.17
3 . 029 -0.02  0.10
32 030 =010 0,04
199 035 -0k -0.02
200 ,-aoobévf =0.07 0.02
200 . 0a2 . 0.05 0.0
fzoé B 0.28  -0,05 0,05
[374:'”; 0,08 0.08 0.0l
.luog . 0.30 ‘0;12 - 0.29
s o7 008 0,23

ppmmean 0,20 20,01 009
ppm S. Do 0.17 0.08 0.08
ppm'S. E. 0,05  0.03 0:03

R
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TABLE 2

A-Ray Soectra Analysis:. of SlYtj—SlY Chemical Zlements
o in the Serum of {anthoma Tuberosum

Z=15 2=16 2=17
v R o ~ - - Serum . Serum . Serum -
. Subjeet .. Diagnosis .  Phosphorus = Sulfur Chloride.
23 | " Yanthoma - 179 1312 48

‘ _ ' © . tuberosum . . S .

27 - , : o 169 120 3933
ok 85 13 baoh
C3L | 189 1m W32

Cpommean. 1w 52
Tepms. D, - .80 5.7 179
pmS. B o570 kg 127

o 28 is not included in statistical calculatlon because of its
partlal hemoly51s.
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TABLE 2
Z=19 0 Z=20 =21 - 2=22° Z= 23
. Serum Serum Sérua Serum . Serum
Subject . Potassium Calcium Scandium Titaniunm Vanadium
23 9k 12 20.03 - -0.29 0.08 -
27 183 107 w0.01  =0.02  0.09
‘not o Ny '
28 available 143 0303 - =0.03 10,07
31 206 - 102 -0.03 -0.18 ~0.01
| -0.1
963 0-12 :
ppm mean 193 107 ~0.01- -0.13 0.06
ppm 8. Do 85 . 39  o.00- . 017 0.03

pm S. B. . 6.0 2.7 0.0% 1010 0,02



‘Subject
23
-

28"
‘3l
gupr
733

735
753
753

Ppn méan
rpm'S. D,

ppm S. E.

Z= 24
Serum

Chromium

-0.01

0.00

- =0.03

-Oo OO

0,00

0.01

0.00

* same sample

2= 25
Serum
langaaese
=0,02
~=0.01
©«0.02

-0.01

-0.02
0.01

0.00.

2= 26
Serum
Iron

0.68

0.80

not

‘available

1.%

0.88

1.08

0.37
0.72

0.67

0.83

0.30

- 0.11

Z= 27

Serum

Cobalt
-0.02

- =0.01

-0.0L.

- 0.02

0.00

0.02

0.01

g9

2= 286
Serum
Nickel

-0.06
-0.06

-0.10

~0.10

..-0.07‘

- 0.02

0.01

[ Continued]



Sﬁbjedt'
23
27
£
733
735
753
o

lppm,mean'
ppm S. D,

ppm S. E.

2= 29
Serun
Copper

1.45

1.19

1.08
1.30
1.8
L2
1.21
1.59

1.8
0.14
0,06

Z= 30
Serum

Zinc -
0.75
0.75
066
Co.58
0.76

d.?l
0.68
0.85

0.72

0.08

0.03

TABLE 2

Z= 71
Serum

Gallium
0.04%

0.11

0.0y

0.06

0.07
0.03

0.02

Z= 32
Serunm -
Germanium

0.03

0.05

0.00

0,06

0.03
0.02

‘ 0.01

go

Z= 33
Serum
Arsenic

20.01

-0.02
-0.02

0.00

-0.01

-0.01

0.01 .

( Continued)
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TABLE 2
Z =3k Z.= 35 .'.'-._,Z =37 S 1= 138 Z= 139
Serum Serum Serun - Serum . - Serum
"~ Subject = Selenium Bromine Rubidium Strontium Yttrium
23 0.04 Iyt 0.3 -0.09 0.03
27 0.0k 5,06 - 0.20 -0.05 - 0.0b
28 - 0.04 2,93 0.21 | 0.03 B 0.06
3 009 331 0.19 -0.09 0.0k
W - 0.0
| 735 | . | N -6.27
75 o 0.1
s | . 0.06
,‘ppm'mean" 0,06 b2y 0.2h . -0.04 0.04
_ppm S. D, - 0.02. | 02 0.07 ‘ AC.lO ‘ 0.01 .
ppn S. E, 0.02 0.5 0.05 0.0  0.01

[ Continued]
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TABLE 2
Z=40  Z=M 2=k Z= U 2= 13
~-Serum - Serum Serum - © o Serum - Serum
Subject Zirconium Niobium_v - Holybdenum - Ruthenium : Rhodium’
23 025 0,05 -0.35 -0.17 0.90
27 o 013 B N ~0.22  =0.05
_28"‘ ‘,ﬁ.‘ 0.19 - 0,05 0.78 .  -0.06 -0.05
31 -0.15 i,\;o,os - -0.42 o 0.03 -0. 34
ppm mean 0.13 ,-oloa L -0.15 -0.11- 0.1l
ppmS.D. 0.9 0.0k 0.3 010 0.4
ppn S: . 0.5 . 0.03 0.24 E © 0.06 0.27 

{ Continued] -



Subjéct‘
o
27
"
31

733
735
753.
758

- ppm mean

ppin 37 D.

" ppm S. E.

Z= U6
Serum
Palladium
-0.05

‘ 0.02
0.5
-Ool?

-0.07
 0.08.

0.06

*28 was used

TABLE 2

Serum
Silver
"0009

0.11

'_ 0.77

0.59

0.20 -
0.24

0.07

2= 43
Serun
Cadaium

-0.09

-0.40

0.06
-0.11
0.25
-0.30
-0.53
~0.27

-0.20

0.24

0.09

Z= L9

Serum

Indium
0.50
0'67
0.50

-0.28

0.30
0.41

0.29

93

Z= 50
*Serum
Tin
=004
-lo 22
0.35

1.10°

~-0.04

0.35
0.20

(Continued]



B Subject
23
27

28

31

Z=.5)
Serum
Antimony
-0.17
0.39
-1.93
f0-53"

-0.10
0.38

10.27

TABLE 2

7= 52
Serum
Tellurium
. =1,07
~0.14
-0.94

0.39

= 53
Serum
Jodine

6.70

0.82

0,63

0.45

Z= 55
Serum
Cesium

0.28

0.51

| 0.36
0.35
0.38

0.10

0.07

[continued]

9L

Z= 56

arum

Barium

-0.21

0.22

0.29

0.27'

0.09

0.22

0.15



TASLE 2

2= 57 1= 38 1= 59
Serum. . - ‘Serum Serum

‘Subject - Lanthanum . Cerium . Praseodymium -

.23 0,07 0.243 -0.01
-a1 2?  ._'0,11 Co-0.621 ad.lz»'
"gze_‘f,j:' 0,07 f, 0.181  0.02

! T 5"' 0.02 -0.222 20,03
% aa

ppm mean - 0.07 ~0.20 . -0.04
pmS. D, 0.32 . 0.35 0.05
Cppm S..E. 018 . 0.25  0.03

95

Z= 60
Serum

Neodymium

-0.07
0.07
-0.04

0.09

0.03
0,07
0,05

[Confinued]

Z= 62
Serum -
Samarium
-0.03
0,05
0003
0018

©0.07
0,09{
0,07



Subject

2

27
'28:':
3L

ppm mean

ppm S. D. -

ppm S, E,

2= 63

‘Serun _
Buropium

0.32

0.12

'\0;13

-0.11

0.11
0.15

£ 0.09

Z:
© Serun
Gadoliniunm

TABLE 2

64

"'09,03
0.17

0.12

0.03
0.06

0.0k

._//
= 00
Serun
Dysprosium -

-0.28

-0.08

0.20

0014

96

Z= &7

Serum

Holmiun
0.20
0.07
0.12

0.6

Ooou‘ .
0.15

0.11

‘[Continued]
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TABLE 2.

7= 68 =69 =70 =71 . =72

. . Serun Serum . ' Serum Serum Serum.
Subject.  Erbiuin Thuliua Ytterbium Lutetiun Hafniun

83 -0.01 0,09 - 0.05 ~0.37 0.43

27 0,03 0,03 030 20,36 0.19

28 . 0,05  -0.15 -0.12 -0.09 0.00

3L .02 0.0z L 0.25 0.35 0.05

ppmmean - -0.0L  0.05 0.00 - =0.06 0.17°

'

ppm S. D. 0,03 0.03 0.22 043 0.16
Cppm S. B, 0.02 0.02 - 0.16 0.31 0.09

[Continued]'
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o mBLE2

o Z=p3 . =gk . 2=95 T=96  Z=77

o .t- .. . Serum .- Serum . ' Serum ' -~ Serunm Serum
‘Subject . Tantalum - - Tungsten Rhenium - -Osmium Iridium

S 23 . 0.29 o . 0,05 226 . -0.03 - -0.15
2 0L -0.09 0.23 0.1l 0.03
28 v 0.22 .05 <0.01 - 0.06  -0.08

31,0 0.0 0,01 0,06 - 03 -0.01
fjppmgmean, 0.2k -0.01 063 . 0,07 | £0.05

ppm S. D. 0,10  0.60 0.95 . 0.20  0.06
ppuS. B, 0.07 035 0.55 . 0.1k 0.04

[Continued].
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TAELE 2

z=78  z=79 z=0 =81 = 2=82

. Serum | Serunm Serum .. Serum “Serun
Subject ' Platinum ‘Gold  MNercury Thallium Lead
23 0.33 - -0.03 ©0.08 ~0.11 0.38

27 0.30 <0.02. . 0.18 0.02 0.22
28 L 10.33 -0.14 10.19 - 0.00 " S 0.38

oA £ 0.20 - 0.30 0.11 0.16 0.23

‘ppm mean’  0.29 0 0.08 0.12 0.01 0.30

ffPPmTSé“D?' .6506a, 1 0.15 . 0.0L 0.10 .0.08

CppmS.ES  0.03 0.1 0.03 0.06 0.04

[Continued]
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TABLE 2 .

‘z=83 0 z=90 . 2= 92

. .Serum - . Serum - Cerum
Subject . Bismuth - Thorium ~ Uranium .

23 . 020 =00 0.13

29 -0.04 ~0.13.  0.08

28 . 01 0,01 0.13

o: L 032 - =010 0.13

fpbm'meanui' 0.16 = - ~0.08 .- 0.11 .-
ppm S. D.° 0.15 0,05 0,02 .

ppm S. E° 0.1 0.03 0.02



»lOl

TABLE 3 .

Mean Levels for Sixty-Six Chsauicil Tlexents in the
Serums of Ostensibly Healthy Adult Male Subjects

MeénlAge = 35,3 years 39 Cases .

4 o _ Mean Level. Standard 99% Confidenée
El&ment “Atomic Number . © ppm "Error Limit or Mean
. : : T Value
*Phésphorus 15 163 3.1 155 - 17
- Sulfur ' 16 P . 147 1161 - 124
" Chlorine A 3798 S 2000 37k - B85
.+ Potassium 19 : 177 3.1 169 - 185
" Caleiun 20 15 1.3 111 - 119
;fAScahdiuh. 2 00 0a 0.0 - 0.3
' ]Titanium : 22 0.0 0.07 0.00-0.18"
Vanadium | . 23 o 10.01 0.04 o 10.00-0,11
Chromium o 0.0 . 0.0 0.00-0.04
trﬁaﬁganese - .25 " 0.00 '3_" 0.02 0.00-0.06
*Iron = 26 ©0.80 . 0.03  0.72-0.88
Cobalt oo . 0.00 002 .o¢ob-o;o5l
Nickel . 28 0.0 . 0,07 0.00-0.18
~ Copper 29 0 1.29 0.05 .1.16-1;42
#xZine 50 . 0.80 0.03 0.7290;88.

*Fe data are from 110 healthy people.

**Zn data are from 22 healthy people

-[Continued]
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TABLE .3
, Mean Level . >Standard 99% Cénfidence
Element - Atomic Number : ppm Error. . Limit or Hean
: - . N ‘ Value
Gallium ) !jlqg'“ 0.04 - 0.02 0.00-0.09
Germanium f   32 | . QQQO - 'd;ou ' 0.00-0.10 -
Arsenic R . 0.02 6;Qi’ . 0.00-0.05
$eleniunm S o002 0.05-0.15
Bromine EETR 3 L1z 016 3.70-k.sk
Rubidium | 3 o 0.15 ©0.05 ' 0.02-0.28
‘Strontium 'S o;do__’ . 0.02  0.00-0.05
Yttrium 39 - 0,02 0.0l 0.00-0.05
Zirconiun wo 01 0.0k 0.00-0.20
Nicbium on 0.0 - 0,06 10.00-0.16
Molybdenun 42 0.2 0.04 0.10-0.30"
Ruthenium m 0.0 0.09  0.00-0.23
‘Rhodium b5 0.0 0.06 0.00-0.18
Palladium Y | 0.0 0.0k 0.00-0.10
Silver | 47‘. | 0.2 0.07  0.02-0.38
Cadmiwn - 48 0.0 0.09 0.00-0.23
Indiwn g 0.0 0.08 0.00-0.21
Tin 50 0.0 0.18 0.00-0.47
Antinony i 51 | 0.0 0,12 - 0.00-0.31
Tellurium 52 0.0 0.19 0.00-0.49
Todine 53 0.0 0.22 0.00-0. 57

[ Continued]
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TABLE 3
Mean Level. Standard 99% Confidence
Element Atomic Number - ppin Error Limit or Nean
. : Value

Cesimn 55 0.2 0.2 0.00-0.52

- Barium 56 | 0.18 0.1 0.00-0.44
Lanthanum 57 0.0 0.08 0.00-0.21
Cerium : 58 0.1 0.17 0.00-0.55
 Praseodyniun 59 | 00 ©0.05 0.00-0.13
Neodymiun 60 0.0 0.03 ~  0.00-0.08
Samarium - 62 0.0 0.07 0.00-0.18
Buropiun 63 0.0 0.2  0.00-0.52
Gadolinium 6l 0.0 04 0.00-0.26
1Terbium 65 0.0 0.09 0.00-0.23
Dysprosium 66 0.0 0.1 o o,od;o.zé
‘Holmium | 67 | 0.0 0.16 0.00-0.41

' Erbiun 68 0.00 0.03  0.00-0.08
Thulium 69 0.0 0.4 0.00-0.36
 Ytterbium 70 o1 0,08 0.00-0.31

' Lutetiun 7 | 0,0  0.05  0.00-0.13
Hafnium 22 0.0 0.6 _  0.00-0.41
Tantalum 73 0.2 0 0.08 0.00-0.41
Tungsten 3 0.0 0.07 0.00-0.18
Rhenium 75 0.0 0.06  0.00-0.26

[Continued]
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TABLE 3 -

Mean Level  Standard  $9% Confidence

Element Atomic Number ppn © Error Limit or Mean
: ' . Value
Osmium 7% 0 ©0.18  0.00-0.57
Iridiun o7 0.0 Y 0.00-0.13
Platinum 78 : 0.1 0.1k 0.00-0,46
Goid o 79 0.0 0,09 0.00-0.23.
‘Mercury 80 S0l . 0.08 0.00-0,31
 Tha11ium; . 8 0.0 0,01 0.00-0.03
Lead 82 03 0.09 0.07-0. 53
Bismuth - 83 0 0.04  0.00-0.20
Thorium 90 -0.00 . 0.04 b;oo-o.;o

Uranium 92 0.02 0.03 0.00-0.10
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TASLE b

Comparisqn of the Serum Levels of Sixty-Six Chenical Zlements
in Zanthoma Tuberoswa and the Reference Group

| Mean Yanthoma  Standard | 99% Confidence
Element : Z Velue in. . Tuberosum Error of Signé;fiqanc_e Limits upon
Reference Minus Difference at 5p difference in m
| Group Controdl of Mean Level Limit A Limit
Phosphorus 15 163 . 16 6.5 borderline 16.6 33 B
Sulfur 16 1200 110 o " borderline -4 224
: Chlorine 17 3798 354 - 128 - - borderline -200 456
\ Potéssium 19 177 16 | 6.8 : no L =2 24
Caleium .20 . ‘115 8 3.0 " no -6 - 0.
Scandiun 21 0.0 -0.01 o;io ' no -0.,26 0.26
Ttentum 22 0.0 2013 =012 om0 -0.k5 -0.19
' Vanadium 23 0.0 0.05 0.05 mo ~0.08 0.18
Chromium 24 0.01 -0.02 0.0l no -0.05 0.0l
Manganese 25 0.00 -0.02 0.02 ~ mo -6.07 0,03
Iron 2 0.80 10.03 0.13 - no 0,31 0.37
oobalt 27 0.00 0.00  0.02 " no .0.05  0.05
Nickel 28 0.00 -0.07  0.07 o .0.26 0.12 -
Copper . 29 - 1.29 0.09 0.08 no 0.12 0.30
Zine 30 0.80  =~0.09 0.05 . no .22 0.04.
Gallium 31 0.0  0.03  0.03 no 0,05 0.11
Germanium 32 - 0.00 0.03 0.01 ~no 0.00  0.06
Arsenic 33 0.02 -0.01 " 0.01 "no -0.0k  0.02
Selenium  3b 0.1 -0.04 0.03 no _0.12 0.04

[Continued |



Element

Bromine

Rubidium

Strontium .

Yttrium.
Zibdonium
_Niobiﬁm
Molybdenum
Rutheniﬁm
Rhodium

- Palladium
Silver
Cadmium
Indium
Tin |
Anfimony.
Tellurium
' Ipdine
Césium
Barium -
Lanthanum‘

Cerium

Praseodymium 59

35
ey
38

39

40
41
42

Iy

b5
Y

W7
48
59
50

51

52
53
55

56
57
58

Mean
Value in

"Reference

Group
b2
0.15
Q.Qov
0.02
0.1
0.0°
0.2
VO.O
0.0
0.0
0.2
0.0
0.0
. O,Q‘
0.0
0.0
.0.0
0.2
0.18
0.0
0.1

0.0

Xanthoma
Tuberosum
¥inus
Control

0.15
0.09

-0.04

Standafd
Error of
Difference
of Mean
0. 54
0.07
0.04
0.01
0.14
0.07
0.24
0.12
0.19
0.07
-0.18
0.12
0.30
0.70
0.29
0.47
0.50
0.21
0;18»
0.11.
0.30
0.07

at 5%

Level
no
no

. no
no
no
no
no
no-
no

no

no

- no

no
. no
no
no
no
no
. no
no

no

[Continued |
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99 % Confident

Significance Limits Upon-
Difference in:

Limit A LimitB

-1.28

-0,10

-0.15

~0.01

0.48
~0.51
~0.50
-3.22

-0.87

-1.5%

-’0051 '

-0,16

=0.57 .

"0011
"lole

-0.36

Lss
0.28
0.07
0.05
040

0.1

L 0.29

0.19

“0021

0.12
0.48
0.13
1.10
0.54
0.67

‘ 0.97

2.15
039%
0439
0.47
0.50

0.02
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TABLE &

S Mean ’}fanthdma ' Standard S | 99 % Confidence
Flement Z Value in-  Tuberosum Error of Significance Limits Upon
) 'Reference Minus -  Difference at 5% - Difference in mes

Group - antrol', of Mean Level .  -Limit.A Limit B
Neodymium 60 0.0 0.03 10.06 . mo | ~0.13  0.19
Samarinm 62 0.0 - 0.07 0.09 no - -0.1%  0.31
Europium 63': 0.0. 0.11 5,24 ‘ no | -0.53 0.75
Gé.d'oiiniumf 64 0.0 20.03 0.16 no 045 0.39
Terbium 65 0.0 0.00 0.10 " no -0.27 0.27
Dysprosium - 66 0.0  -0.08 0.17 " no -0.53 0.33
Holmiun 67 o.o.' 0.04 0.9 no -0.46  0.54
Brbium 68 0.00 ~0.00 0.03 no -0.08  0.08
‘Thulium 69 0.0. 0.05 o;lbf .no‘ - -0.32  -0.42 |
Ytterbium = 70 0.1 0.1 0.18 . no - -0,58 0.38
Lutetiun 7L 0.0 -0.06 0.31  no 0.88  0.76
Hafniun 2 0.17 .17 0.16 | no ~0.25" 0.591‘
Tantalum 7-‘3" 0.2 0.0k 0.10 o ~0.23  0.31
' Im;gsiceh'__ 74 0.0 S -0.01°  0.38 " no . =1.01  0.99
Rhenium 75 0.1. 0.7k 0.7 no 1.1k 2.62
:Osnii_um' ,‘76 ' vb.i _ ~-0.03 '0.2'37_ ~ no ~0.64 | 0.58
Iridiun 77 0.0 0,05 0.06° - wo _0.21 0.1
Platinum 78 0.1 - 0.18 0.15 | no o .0.32 ' 0.58
Gold ?9 0.0, 0.08 o 0.14 - " no ;0,29 vo,hé
Mercury 80 0.1 0.0k  0.09 no 0.0 0.28
'Thai:_Lium' 8L 0.0 0.02 0.08 no -o,lé 0.23

[Continued |



"Elemernt

Lead

_BismuthA

- I%@rium,

Uranium

82

83
90

92

Mean
Value in
Reference
Group
0.3
0.1
0.00

0.02

108

. TABLE &4

Yanthoma  Standard . - G9 % Confidence

Tuberosum »Error of Significance 'Limits .Upon

Minus _ Difi‘eren_ce _S.t 5,41: Difference in meaj

Control of ¥ean - Level - . Limit 4 Limit B
-0.02 0.10 ~ no ~0.29 0.25
0.06 0.11 no -0.23 . 0.35
-0.08 - 0.05 no  .0.21 - 0.05

0.09 0.04 no . .0.02 © . 0.20
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TABLE 5

Comnarlson of the Serum Levels of Sixty-Six Chemical Elements
:.n Xanthoma Tendinosum and the Reference Group

$lement Z gziﬁe in xanthoma Standard 99 % Confidence
: ' 3 ~ Reference Tendinisum - Error of Slbnlxlcance Limits Upon
Group Minus Difference at 5% . Difference in mean
Control = Reference  of Means Level = '1imit A Limit B
 Phosphorus -,15 163 - 6.6 3.9 ..ho - -3.9 16.9
.Sulfur  _ 16 1201 N5 23.5 = no ‘_ 17,2 10502.
Chlorlne 17 3?98 '1¢3.8 61 yes —17.9 ‘30505
. Potassium 19 177 6;7 | b1 no 4.2 17.6
"CaICium}: :20" - 115 _ ~2e9 - ”?QZr - no - -8;7- - 2.9
Seandium 21 0.0 0.0 012  no - -0.32 0.32
-iTiﬁanium. 22 _-Q«»O 0,08 0.07. no ~0.27 o
Vanadiom 23 0.0L  0.04 - 0.0k no 20.67  0.15
chromium*'vj.zu'-- ' 0.01 'gé.dzv ol omo 0,05 o.01
‘Manganese 25 0.0 0.2 002 mo  _oon .08
Irpn} -  26  ‘; l‘O;so. “d°09‘ o d,lZ' ‘no '4d°23 , 6;#1
Cobalt -~ 27 ©.0.00 -0.02. 0.02  mo  _5 o8 o.0
- Nickel - | :"28f  ‘__ 0.00 ~ =0.06 8 6;07 no ,40725-_ -0;13
:Copéer 29 | 1.29  0.19 I 0.15 no | '—b,lo 0.k3
"Z2inc . 30 0.80 - 0.04 Q,OS i no _¥C,O9v .0q17
:Géllium o3 .06 . 0,00 0.02 no - =0.06  0.06
Germanium - 32 o 0,00 .o,oo" 0.02 no -0.05 |  ¢;05‘
Arsenic 3 0,02 -0.02 0.01 no -0.05  0.01
Selemium 3% 0.1  -0.02 0,03  no . -0.10 0,06

[continued]



- Element

‘Bromine
Rubidium
Strontium.
Yttrium |
Zirconium
Niobium

. Molybdénum
Ruthenium
.thdium
Palladium
Silver
Cadmium
Indium

' Tin
Antimqny

el luriun

 Iodine

Cesium

Barium

Lanthanum

Cerium

35

37
38

39

W
"

L2

M

k5

46 .
W
48_7

49
50

5

52
53

- 55

56
57

Mean

* Value in

Reference

Group

Control.
B.12
0.15
0.00
0.02

| 0.1
0.0

0.2
0.0
FO,O
0.0
0.2
0.0
0.0
0.0
0,0
0.0
0.0
0.2
0.18
0.0

0.1

TABLE 5

Xanthona
Tendinosum
Minus
Reference.
"Ooli?
"‘Oc Ol
~0.02
0.00
<0.24
"'Oa 31
0.01

0.03

~0.17
0.00
~0.20
-0.36
-0.32
-0.52
~0.41
0.0
0.35
0.22
~0.15

~0.08 -

Stahdard

‘Error of

Difference
of Means

0.34
0.06
0.02
0.02
0.11
0.18
0.14
0.10
0.09
0.09
0.10
0.1k
0.28
0.29
0.25
045
'0.25.
0.20
0.10
0.10

0.18

at 5%
Level

no'
no
no
no
no
no
Ano

no

no -

no
no
no.’.

no

no

no

no

" no
no
no
no

no

110

99 % Confidence
Significance Limits Upon
Difference in mea

Limit A
-1.07
~0.18
-0.08
-0.06
~0.53
~0.79
-0.3%6
~0.24

~0.35

 =0.41

~0.27
-0.57
-1.10
-1.09
«1.18
-1.66

~0.65

- -0.25
0,05

-0.k2

-0.56

~ [Continued]

Limit B:
0.75

0.15
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TABLE 5
- o oMean |
Element.  Z Value in = Xanthoma  Standard . 99 % Confidence
' Reference Tendinosum Error of Significance Limits Upon
Group . Minus - Difference at 5% - Difference in mean
7 Control  -Reference of Means Level Limit A Limit B
Prasemqmuumv59 0.0 . -0.01 ) 0.05  no : -0.24%  0.12
| Neoaymiumj_ 60 0.0 0.06 0.05  no  =0.07  0.19
Samarium 62 0.0 o 0.03 ©0.08 . no -o¢i8 0.2k
1Europium -~ 63 0.0 ~0.05 vv'o,zzj- no - -0.63 - 0.53
‘Gadolinun 6 0.0 -0.10 0.11  no 20,39 0.19
 Te£b1um o 65 0.0 -0.02 0.09  no -0.26  0.22
inysp?osium, 66 0.0 0.04 02 o -0.28  0.36
Holmium 67 0.0 0.02 0,17}' ‘no | ;0,43 - 0.47
Erbium_, . 68 0.00 0.00 0.0  no S =0,11 0;11‘
Thalion 69 0.0 0.0  ~ 0.15  mo -0.30  0.50
 Ytterbium : 70‘ 0.1 -0.06 009 no 20.30  0.18
. Lu;te'tiun_z ' V71 0.0 - 0.13 o 0._13 ‘no - =0.21 vo,l+7v
" Hafnium .72 0.0 0.30 023 o 0.9l :.o,3i'
.. Tantalum 73 0.2 0.10 10,09 no . -0.1h . 0.3k
'_ Tungsten 74 -0.01 -(5_.02 | €.10. vnov | _0,2"9‘ 0.25
. Rh'enium. .75 0.1: .,-.0.0l& ' 0.10  no '}_(‘);2‘3 10,13,1'
' Osmj,um 6 O.l E «0,22 0;21,‘ o no l' .‘.."0,78‘ -‘O'l.31+
Iridiun 77 0.0 0.14 6.05 | ‘_"na s il 0.27
- Platinum  "78 | 0.1 . 0.16 - 0.15 . ‘no C0.2% © 0.56
Gold 79 79 0.0 0.21 0.12  no 0,11 0.53
'Mercury' - 80 0.1 0.20 - - 0.13 o '-é,ih 0.5

- [Continued]
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TABLE 5

o ~ lean
Element Z Value in Xanthoma  Standard 99 % Confidence
" Reference Tendingsum ZIrror of Significance Limits Upon

Gproup Minus | DPifference at 55 ~ Difference in mean
Control  Reference of Means Level -Limit A Limit B

Thallium 81 = 0.0 -0.02 0.03 . no -0.10 0,66

‘Lead . 82 0.3 0.00 0.09 - o 024 0.2k
Bismuth 83 0.1 - 0.10 0.06 ne - -0.06 0.26
Thorium 90,  0.00 =~ =0.01 0.05 no -0.12  0.12

Urapium 92 0,02 0.07 0.0k no ~0.0k 0,18 .
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TABLE 6

Comparison of the Serum Levels of Sixty-Six Chemical Elements
Xanthoma Tuberosum versus Aanthoma Tendinosun

, giigiagi Significance99 ?iﬁzﬁiiience
i ‘Difference Difference at 5% Diffefegce ignmean

R emnent . yA in Means in Means Level Limit A Limit B
Phosphorus 15 9:5 . 6.2 no | ;609 25.9
Swlfur 16 4.6 Ll 7 no -53.9 | 183.1

, Cﬁlorine 1? .. 210 139 | no '~158 578
Pdtéé‘sium 19 9.7 6.6 no 98 27.2
Caletun 20 .52 32 om0 3.0 5.3 .
Seapdium .21 | 0.0L 0.08 no ~0.20 6uao
Titanium 22, . =0.47 0.12  no -o,.79 0.15
Vanadiuml 23 0.02 0.03 ne -0.06 o,io‘
”Chromigm 2k ’doOO 0.01 ﬁé -0.0% 0.03
Manganese 25 -0.00 0.01 - no .05 0.03
Iron - 26 ! .0.06 0.13 no ~0.40 0.28

~ Cobalt 27 _‘°°°‘2 .02 mno 0.0k 0.08
Nickel i 28 'O-“,Ol 0-01 'n°.' -‘6.04- 'Ao.oa |
Copper 29 - ‘-f0°iO o 0.12 _no =042 - 0;22
Zine R 30 ~0.13 0.05 yés | -.o.zev é;oo
Galliun o 0.03 - 0,03 -n"?. | ~0.05 0.1l
Germanium | 32 7 0.03 ' 0.02 . no | =0.03  0.09
Arsenic 33 ~0.01 - 0.01 no - -6.04' b,oz
Seleniun | 34 ~0.02 | 0.03 no - -O;lo 0.06
Bromine 35 . 6.31 | 0.61  no -1.31 - 1.93
Rubidium 37 0408 : 0.05 no | -0.05 0.21

[Continued ]



Element
.Sfrontium

Yttrium-

" Zirconium . -

Niobium‘

Molybdenun
b

Ruthenium

thdiqm

Palladium

_Silver 
 Cadniun
Inaigm
" Tin |

_ Antimony

Tellurium

Iodine
Cesium

Barium-

Lanthanum

Cerium

Praseodymium. 59

Neodymium

Samarium

“

y2

k5

W6

k7

48
us

50

"
- 52
v53

55

.57

58

60

62

Difference
in Means

- =0.02 .

OaOQ
0.35
0.23
-0.33
. -0.16

- 0,22

0.0k

. 0,00
0.69
-0.5
0.27 -
0.14
0.25
0.04
0,13
0.22
<0.21
-0.03
0,01

0.03

TABIE 6

Standard

Trror of

Difference

in Means
0,04
0.02
0.21
0.17

10,28

0,09

0.28
0.10
0,18
0.14
0.41
0.30
0.32
0.62
0,72
' 0.08
0,16
0.22

0.26

0,08

0.05

0.08

Sighificance
at 5%
Level
no‘
no
no
o.
no
no
no

no .

-~ NO

no
no
no -
no
no
no
no
no
no
no
no - _;
no

no

114

99 %'Confidénce;
. Limits Upon

Difference in iMean

Limit A
"'OolLs'

-0.02
-0.21

| 0.22

. =1.09
~0.40
-0.52
-9.311 
~0.1438
-0.57
~0.40 .
~1.30
~0.58
-1,50
=1,66

07

=0.55

' -0.36

"O'e 90
-0‘013
‘_O ° 12 ’

-0.18.

' [Contiﬁued]

Limit B
0.10
0.10
0.91

0.68

0.39 -
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TABLE 6

Standard o 99 % Cojfidence

Error of Significance ILimits Upon ‘
‘ : Difference Difference at 5% Difference in liean
Element yA " in Means in Means Level : Limit A " Limit B
Eurbpium 63 0.17 ' 0.15 o -0.23 0.57
Gadolinum 64 0.07 | 0.13 no . =0.27 0.41
Terbium 65 ~ 0.02 . 0,05 no ~ -0.11  0.15
Dysprosium 66 =0.07 | 0.15 . " no | -0.47 0.33
Holmium 67 0.06 . 011  no ~0.23  0.35
E_rbiu’ni - 68 0.00 0.02 | o -d.os  0.07
Thulium 69 =0.07 Q.o5' e -0.20  0.06
Ytterbium 70 -0.06 0:17 _ no -0.51 0.39
Lutetium 71 =0.23 0.33 ~  no -1.10  0.64
Ha fnium 72 0.28 0.18 no - ~0.20  0.76
Tantalum 73 -0.06 0.08 no -0.27  0.15
Tungsten 74 0. 10.35 no © -0.93 = 0.93
Rheniun | .75 0.69 O.?U : no , -1.27 = 2.65
vOs.mium 76 0.25 - 0.17 - no ' -0.20 0.76
Iridium 77 0.0k 0.041  mo . _0.07  0.15
Platinum 78 | 0.03 ' 0.06 no . -0.13 0.19
Gold 79 -0.14 0.14 v'no‘ v |  -0.51 0.23
Mercury 80  -0.1k | 0.10.° jm “0.E1 - 0.13
Thallium 81 0.06 0.08 - no -0.15 00'27
Lead 82 -0.03 0.06  no 0.19 0.13
Bismuth 83  =-0.06 012 no ~0.38  0.26

[Continued ]
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TABLE 6
~ Standard G9 % Confidence
Error of Significance .Limits Upon
_  Difference Difference at 5% - Difference in mean
Element  Z- in Means . in Means  Level - Limit A Limit B
Thorium 90 0.07" ©0.07 © no 0.12 0.26

Uranium 92. 0,02 10.03 " no -0.06 0.10



117

APPENDIX I

Sources of Variation in Population (UCRL) Statistics (49)

Standard Biological Technical
Lipoprotein Mean_value _  deviation variation error
Class ~ (mg/100 =l) of mean (mg/100 ml)  (mg/100 ml)
) ~ A (mg /100 ml)
5£° 0-12 352 79 32 15
5£° 12-20 K 21 o 7
S£° 20-100 N 92 - 51. . 27 12

S£9 100400 . 53 | 63 43 | 12



;'.APPENDIX II

ipogrotein Levels in Xanthoma Tuberosum (h9l

Lo# density lipoproteins (n = 23)8 . HDL 1lipoprateins (n = 16)a
: (mg/loo m) : (mg/100 m1)
sr 100400 sr° 20-100 5£° 12-20 5£° 0-12  HDL, HDL, HDL,
'Mean lipoprotein . ’ o :
levels . o . 650 . 616 . 128 206 S -39 - 166
Matched controls - 72 . 105 7 358 17 %6 . 185

a The symbol n designates the number of cases studied.

8Tt .



_APPENDIX III

Lipoprotein Levels in Xanthoma Tendinosum (49)

Low density lipoprotéins (n=18)2 - HDL lipoproteins (n = 9)2
(mg/100 ml) | . (mg/100 m1) |
: Sf°/100-M007 S£° 20-100 S£© 12-20 SO 0-12 DL,  HDL, _HDL3
Mean lipopfbtein _ : ‘ _ : o ' - :
levels ' ¥ 128 . 150 793 26 - 15 150
Matched contrels = 56 92 - 65 3% - 17 . 88 193

a Thne symbol n designates the number of cases studied.

61T



APPENDIX IV

‘Lipoprotein levels in “Essential Hyperlipeﬁia“;jk9)

Low density lipoproteins (n = 9)® , HDL lipoproteins (n = 5)2
{mg/100 ml) - - (mg/100 m1)
5£° 100-400 S£° 20-100 S£° 12-20 S0 0-20 - HDLl' HDL, HDL
Mean lipoprotein . o : | A
levels ‘ 967 k50 66 229 80 sl 144
Matched controls 83 109 68 64 o 20 80 196

a The symbol n designates the number of cases studied,

0ZT
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