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Abstract.

The Determination of Chromium in Human Serum and Urine.

by George Murray.

A critical evaluation of the published data for chromium levels
in serum and wurine shows major discrepancies, indicating that further
work to establish normal values for these parameters is necessary.

Methods have been developed for the determination of total
protein-bound, and alpha-2-globulin-bound, chromium in serum, and
chromium in urine.

The sample pretreatment for serum is based on concurrent protein
precipitation and dehydration using propan-2-ol for the total
protein-bound chromium, and 0.5M hydrochloric acid in propan-2-o0l for
the alpha-2-globulin-bound metal. The precipitates are washed in
propan-2-o0l, then in toluene. Urine aliquots equivalent to 20 umol
creatinine are dried at 75° C. Acetic acid (plus 7.5% v.v. sulphuric
acid) and 1,1,1,5,5,5-hexafluoropenta-2,4~dione are added to the serum
precipitates and urine residues. The chromium in the specimens is
converted to the beta-diketonate at 75° C, and the complex extracted
with petroleum spirit. The excess diketone is removed by washing with
phosphate buffer. The chromium is back-extracted with ammonia in EDTA
solution and, after an evaporation step, dissolved in ammonium acetate
solution.

Atomic absorption .spectrometry with electrothermal atomisation
is wused to measure the chromium, and because of the matrix
simplification achieved, background correction is not necessary.

The mean results on serum from normal subjects were 0.11 ug/L
for total protein-bound chromium, and 0.07 ug/L for
alpha-2-globulin-bound chromium. The detection 1limit was 0.03 ug Cr/L
for both serum parameters. The mean normal value for urinary chromium
was 0.44 ug/ 10 mmol creatinine, with a detection 1limit of 0.05 ug Cr/
10 mmol creatinine. The analytical relative standard deviations for the
three parameters at the above 1levels were : %, 9% and 13%
respectively. ’

The serum chromium parameters did not show a significant
response to a glucose challenge.

Precautions against sample contamination were taken, and
techniques for reagent purification, and equipment cleaning to a high
standard were developed.



Acknowledgements.

My grateful thanks go to :

Dr.L.Ebdon,

Department of Environmental Sciences,
Plymouth Polytechnic,

Drake Circus,

Plymouth PL4 8AA.

Dr.K.Jackson,

Department of Analytical Chemistry,
University of Saskatchewan,
Saskatoon,

Saskatchewan,

Canada.

Dr.D.Leathard,

Department of Chemistry,
Sheffield City Polytechnic,
Pond Street,

Sheffield S1 1WB.

Dr.C.E.Wilde,
Clinical Chemistry Department,
Royal Infirmary,

Doncaster DN2 S5LT.



Abbreviations used.

AAS. Atomic absorption spectrometry.
EDTA. Ethylenediaminetetra-acetic acid.
ETA. Electrothermal atomisation.

GTF. Glucose tolerance factor.

(see chapter II, section 2.4.).

Hfacac. 1,1,1,5,5,S—Hexafluoropenta-z,4—dione.
OGTT. Oral glucose tolerance test.

RSD. Relative standard deviation.

SD. Standard deviation.

Tfacac. 1,1,1-trifluoropenta-2,4-dione.
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CHAPTER 1I.
TRACE METALS IN HUMAN NUTRITION AND DISEASE.

This ’chapter is an introduction to trace metals and in
particular to those aspects which are important to the clinical
chemist. The primary consideration is whether or not the determination
of a particular trace metal in a sample from a patient under
investigation has any value. That is : will the result of the trace
metal measurement influence the treatment of the patient to his or her
advantage? The analytical result of a determination will clearly need
to to be of acceptable precision and accuracy. Furthermore, reliable
normal results are necessary for comparative purposes. Elements which
are either essential for normal metabolism or important toxic agents

are clearly possible candidates for useful measurements.

1.1. TRACE METALS.

Trace elements are defined by IUPAC (1) as those present at less
than 100 mg/L. Table 1.1 lists +trace metals in order of decreasing
reported concentrations in human serum or plasma. The data in the -
table are taken from the 1980 review "Normal levels of Trace Elements
in Human Blood Serum or Plasma." by Versieck and Cornelius (2). The
original results from the review have been processed to present a
balanced report freé from distortion by a few extreme values. The
overall means listed for particular metals are the average of the
reported means after the exclusion of outliers (outliers being defined
as values outside three standard deviations). Reiteration was carried
out until the data being processed were free from outliers. The values
excluded were in all cases high outliers. Furthermore the ranges of the
processed data for each metal were divided into ten equal intervals and
the modal decile determined. The median, modal decile (numbered in
ascending order) and percentages of reported means within the modal
decile are also presented in table 1.1. Iron was not included in
Versieck's review, presumably because iron determinations have reached
a reasonable degree of reliability, and the normal range is no longer
in dispute. However, iron has been added to the table for comparative
purposes, the reported values are from "Biochemical Values in Clinical
Medicine" (3).

The mean normal value reported by different workers should be in



general similar. Clearly data presented for the establishment of
normal levels should not be taken from isolated ethnic groups, closed
societies on unusual diets, populations exposed to high environmental
levels of a particular metal, or other unrepresentative population
samples. Furthermore homeostatic mechanisms exist for the control of
essential trace metal concentrations. The tabulated results were all
reported to be from apparently healthy adults and the number of
subjects sampled by the majority of contributing analysts was such that
a small range of values would be confidentaﬂlx expected. The wide
scatter seen for the majority of metals could not be explained by
biological variation but clearly illustrates the general
unsatisfactory state of trace metal determinations on human serum and
plasma. The modes for all trace metals for which adequate data were
available in Versieck's review, were with one exception, at the lowest
decile. This markedly skew distribution is consistent with
contamination of the sample being the major problem.

Two pairs of metals, one pair present in relatively high
concentrations, the other pair being in the ultratrace region,
illustrate the influence of element availability for comtamination
purposes on the ease of an accurate analysis. The first pair to be
considered are zinc and copper.

Zinc determinations appear to be less satisfactory than would be
expected from the comparatively high overall mean concentration. The
reported means vary from 840 to 3090 ug/L. However 73% of the results
are Dbetween 840 and 1290 aug/L. The major problem appears to be
contamination of the samples. Serum zinc samples are particularly
susceptible toAcontamination before separation because of the high zinc
content of all cells, including thrombocytes. The zinc concentration in
erythrocytes is 12 times that in plasma, and that in leucocytes is 25
times that in erythrocytes. Reimold et al (4) investigated
contaminations interfering with the determination of plasma zinc and
found polystyrene tubes, vacutainers and glass tubes to be
unsatisfactory for both sample collection and storage. Polypropylene
tubes with polythene stoppers were acceptable. Furthermore, the
non-water wettable plastic surface if used with a suitable
anticoagulant should help to prevent zinc release from 1lysed
thrombocytes. However Reimold did find anticoagulants from some sources

to have significant zinc concentrations. Furthermore many paper tissues



commonly used for wiping pipette tips were found by Reimold to have a
high zinc content. The mean normal plasma zinc was found by Reimold to
be 877 ng/L.

TABLE 1.1.

Ranges of reported means of trace metal concentrations

in human serum or plasma.

Metal. Concentration ng/L. Decile % in Mean

Mean. Median. Range. of mode. mode. n.
Zinc. 1285 1965 840 ~ 3090 1 51 77
Copper. 1130 1131 540 - 1721 5 39 74
Rubidium. 193 221 52 - 390 Insuff. data. 30
Aluminium. 102 202 3.72 - 400 1 62 83
Tin. 57 67 30 - 103 Insuff. data. 124
Arsenic. 39 96 1.07 - 190 1 71 20
Nickel. 20 32 1.6 - 621 1 43 41
Chromium. 17 28 0.14 - 55 1 | 30 61
Molybdenum. 13 17 0.58 - 34 Insuff. data. 55
Vanadium. 12 29 0.02 - 57 1 57 43
Cobalt. 11 36 0.00 - 72 1 71 40
Manganese. 11 17 0.54 - 34 1 35 43
Silver. 9.3 13 0.68 - 25 Insuff. data. 45
Mercury. 5.7 7.9 1.8 - 14 1 50 24
Antimony. 2.5 2.9 0.52 - 5.2 Insuff. data. 35
Caesium. 1.0 1.0 0.74 - 1.3 Insuff. data. 47
Iron. 1375 790 - 1960

Note. 1. The range quoted for iron is the biological range.
2. Mean n. is the mean number of subjects sampled by the workers

reporting a normal mean value for a particular trace metal.

The reported normal mean valués for serum or plasma copper levels
are more consistent than the zinc values. The range of reported normal
means is 850 to 1720 ng/L if a single low value of 540 ng/L is omitted,
and 75% of the means are between 850 and 1200 ug/L. Furthermore, in
contrast to the marked skew distribution of the zinc values with the mode
at the lowest decile, the reported copper means have a normal

distribution with the mode at the 5th decile. The inference must be that



there are no serious contamination problems associated with the
collection of samples for serum or plasma copper determinations.

The "ultra-trace" pair of metals selected for discussion are
caesium and chromium. Caesium has been chosen because it is the only
metal in this class with reasonably consistent reported means. The risk
of contamination with caesium during sample collection and storage is
minute, since the element is amongst the least ubiquitous in the
environment. However the caesium concentration in eryrthrocytes is
about 6.5 times that in serum (Versieck et al (5)) therefore haemolysis
or delayed separation of the plasma will produce an elevated result.

The contrasting metal of the second pair is chromium, the trace
metal of interest in this study. The range of reported means is very
large, 0.14 +to 55 ng/L, and the markedly skew distribution with the
mode at the 1lowest decile as shown in figure 1.1 indicates that
contamination is the major problem. Versieck (6) demonstrated that
gross chromium contamination can result from the use of stainless steel
needles for sample collection (chromium determinations will be
discussed in detail in chapter III).

Two points emerge from the above discussion. The first is that
the ratio of a particular metal in the environment, available for
sample contamination, relative to the normal plasma concentration is
more important than the latter factor alone, in determining analytical
difficulties. The second factor is the possibility of contamination
from the cellular elements where high intracellular analyte
concentrations are present. However, the data reported for caesium
confirm that this second factor can be controlled if sufficient care is
taken. The frequency distribution of Cu, 2Zn and Cr within the deciles
are illustrated in figure 1.1. The data from table 1.1 were used for
this figure and Cs was  omitted because insufficient data were
available. The normal distribution of the Cu values contrast with the

skew distribution of the levels reported for the other two metals.

1.2. ESSENTIALITY.

Aggett (1) considered the following to be the criteria for trace
element essentiality. The first is +that deficiency is associated with
reproducible defects which respond to the re-introduction of the
element. Essential trace elements should be present in relatively

constant concentrations throughout life. Concentrations of
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non-essential trace elements have a skewed distibution within a

population, whilst those of essential elements follow a normal
distribution Dbecause homeostatic mechanisms exist for essential
elements.

Essential trace elements must by definition be physiologically
active at low concentrations. They are constituents or activators of
enzymes, co-enzymes and hormones, all species which are active at low
concentrations. The mechanisms by which metals function in enzyme
systems is listed in table 1.2.

TABLE 1.2.
Mechanism of metal function in enzyme systems.
1. Direct participation in catalysis.
2. Combination with substrate to form an intermediate complex, upon
which the enzyme acts.
3. Formation of a metalloenzyme that binds the substrate in an
enzyme-metal-substrate or enzyme-metal-coenzyme-substrate complex.
4. Combination of metal with a reaction product to alter equilibrium.

5. Maintenance of the quaternary structure of the enzyme.

The relative body burden of an element tends to correspond to
the environmental availability. Many non-essential elements are in fact
present in higher concentrations in serum than essential ones. For
example aluminium, an abundant environmental element not proven to be
essential, is present at much higher concentrations than chromium,
which is generally accepted as an essential element. The "spectrum of
biological effects", figure 1.2, illustates several important points.
FIGURE 1.2.

The spectrum of biological effects. (Aggett (1)).

PHARMACOLOGICAL STATE. TOXIC STATE.

BENEFICIAL.

4 OPTIMAL.

gmOj00=ROAY ghr=om

DETRIMENTAL.

TISSUE CONCENTRATION OF ELEMENT.

Red, essential trace element.
Blue, non-essential trace element.



Figure 1.2 illustrates that essential trace elements are potentially

toxic, and that concentrations of a trace metal modestly above the

optimal may be beneficial wunder certain circumstances. For example

chromium supplementation has been reported to have a beneficial effect

on lipid metabolism, however other workers have not been able to

confirm this. Nevertheless there are sound ‘theoretical grounds for a

beneficial effect if chromium is accepted as an essential component of

an insulin cofactor. The evidence for beneficial chromium, and ‘the

toxicity of chromium are both examined in chapter II, section 2.3.

Table 1.3 lists the evidence for essentiality in humans of the

- trace elements for which the concentrations in serum or plasma are

reported in table 1.1. The possible value to the clinical chemist of

reliable determinations, assuming these to be available, are also

indicated.-5€0@ﬁaan.. metals are listed, of these seven have importance

as toxic substances, and five are postulated as possibly being involved

in trace element deficiency states in human subjects.

TABLE 1.3.

Metal.

Evidence for essentiality, and value of assays, in humans.

Evidence for essentiality.

Value of assays.

Al.

Sb.

A regulatory mechanism has
been documented (Versieck

et al (2)).

Two enzyme systems have been
shown to be Al dependent :
1. Reaction beween succinate
dehydrogenase cytochrome-c in
vitro (Underwood (7)).

2. Al forms chelates with
pyridokal amino acid Schiff

bases which act as model

transaminases (Schroeder (8)).

No known biological function

in living organisms.

‘Al is known to be toxic in

the presence of renal‘failure.
Dialysis patients particularly
at risk. From:

1. Al contaminated dialysis
solutions.

2. Al compounds given to prevent

the accumulation of phosphate.

Serum Al greater than 100 ng/L
said to indicate high
probability of Al deposits in
bone (Danks et al (9)).

But many workers report normal

values higher than this.

Antimonials shown to be of value
in tropical medicine (Versieck

et al (2)). Sb levels possibly

of value in therapeutic monitoring.



TABLE 1.3.

Metal

continued.

Evidence for esséntiality.

As. .

Cs.

Cr.

Co.

Cu.

Fe.

Evidence has been presented
that As may be an essential
trace element (Versieck et
al (2)).

No known vital function.

Evidence for involvement in

carbohydrate metabolism, as
an essential component of
"glucose tolerance factor",
an insulin cofactor generally

accepted.

The element serves its
paramount established
biological function as a

component of vitamin Bi12.

Eséential, present in many
énzymes and proteins.
Enzyme activities dependent
on Cu include:

1. Cytochrome oxidase.

2. Superoxide dismutase
(cytosolic).

3. Caeruloplasmin (93% of
plasma Cu on average).

4. Lysil oxidase.

5. Dopamine hydroxylase.

Value of assays.

" Toxicology only at the present

time.

No value.

Céntroversial. Lack of reliable
reference levels for

serum/plasma or urine.

Reports of response to a glucose

challenge even in normal

subjects also contradictory.

" Competitive protein binding

assays of vitamin B12 using
57

Two inherited disorders of Cu

metabolism occur in humans.

1. Menkes' syndrome.

2. Wilson's disease.

Cu determinations on serum

and urine, and caeruloplasmin

activities are all valuable.

6. Ceramide galactosyl transferase.

7. Ferrioxidase.

Essential constituent of the
respiratory proteins:
1. Haemoglobin, about 75% of

the total iron.

Iron deficiency is the most
common disease in the world
today (Golden and Golden (10).

Caused by:

Co are reliable and valuable.



TABLE 1.3. continued.

Metal Evidence for essentiality.

Fe.

Mn.

continued.

2. Myoglobin.

3. Cytochromes, minute
fraction of total iron.

About 25% in storage as:

1. Ferritin, iron core
surrounded by a protein shell.
Ferritin circulates in the
serum and extracellular fluid
in equilibrium with:

2. Haemosiderin, insoluble
iron store in the
réticuloendothelial system.
Transferrins, iron transport

proteins.

Hurley (12) states:

1. The skeleton and otoliths
are susceptible to Mn
deficiency.

2. Superoxide dismutase
found in mitochondria
contains Mn.

3. Mn deficiency results in -
abnormal mucopolysaccharide
synthesis, alterations in
the integrity of membranes

and to abnormal brain function.

The enzyme activities
generally accepted as being
Mn dependent are:

1. Glyosil transferase.

2. Arginine pyruvate

carboxylase.

Value of assays.

1. Inadequate iron ingestion.
2. Inadequate absorption.

3. Increased iron loss.
Measurement of serum ferritin
appears to be the earliest
indicator of iron depletibn.
Serum iron does not fall until
later, when iron deficient
erythropoiesis develops.
Ferritin déterminations also
give the earliest detection of
iron overload. Treatment can be
initiated minimising damage to
the liver and other organs

(Halliday (11)).

Only one reliable case of Mn
deficiency documented.

A subject receiving a purified
"chemically defined" diet
designed to establish the adult
need for vitamin K. The patient
was unable to correct his
depressed prothrombin levels
when given vitamin K until Mn
was restored to his diet

(Undexrwood (13)).

Tanaka (14) and Papavasiliou
(15) both found whole blood Mn
levels below normal in about
one third of children with
convulsive disorders of unknown
cause however all the children

were on anticonvulsant therapy.



TABLE 1.3. continued.

Metal

Evidence for essentiality.

Hg.

Mo.

Ni.

Rb.

Essentiality for man not

proven.

Mo is essential as a

constituent of xanthine

aldehyde and sulphide oxidases

(Aggett (1)).

Essentiality for man not
proven, although deficiency
states in animals well
documented Mertz (18)).

A Ni containing
macroglobulin has been
found in human serum,

but function is unknown

(Sunderhann (21)).

No evidence that Rb is

essential.

10.

Value of assays.

Toxicology purposes only.
Neutron activation analysis is
only suitable for the
determination of total Hg.
Refined atomic absorption
methods can distinguish between
organic and inorganic Hg.

The principal excretory route
for organic Hg is via the bile
into the faeces as
methyl-Hg-cysteine,

(Vallee (16)).

No known deficiency cases in

mane.

In view of the concern about Ni
toxicology, expressed by
Sundermann (17), reliable
reference concentrations are
needed for the general
population so that accurate

determinations on exposed

subjects can be interpreted. -

The close physido—chemical
relationship of Rb to K has
stimulated biological interest
in Rb. Fieve et al (19,20)
report that there is some
evidence that Rb has unique

neurophysical characteristics.



TABLE

Metal

1.3. continued.

Evidence for essentiality.

Ag.

Sn.

Zn.

No evidence that Ag is
essential for living

organisms.

Schwartz et al (22) produced
evidence that Sn was an
essential element for some
animals in 1970. No definite

proof of essentiality in man.

The balance of opinion is
probably that V is essential, -
but no definite proof. No V
metalloprotein known.

Golden and Golden (10) state
that homeostatic control is
exerted over V, and that the
metal does not accumulate
with age.

Cantley et al (23) and Karlish
et al (24) have produced
evidence that vanadate

inhibits the Na pump.

Zn is one of the most
important trace metals, over
50 Zn metalloenzymes have
been identified. All key
metabolic pathways have

Zn metalloenzymes.

Williams et al (26) and
Kirchgessner et al (27),
both report that when an
animal dies from Zn deficiency

the metalloenzymes and the

1.

Value of assays.

Toxicology only but Ag is not

important in this field.

Toxicology only.

Golden and Golden (10) state
that the V content of human diet
appears to be considerably below
that required by some animals.
They conclude that the low serum
V concentration in patients with
nutritional oedema may

represent a natural human
deficiency.

Dimond et al (25), reports that
V salts are relatively non

toxic to man.

Acrodermatitis enteropathica is
a rare congenital disorder of
Zn absorption. The disease is
readily cured by giving Zn
sulphate. All patients for whom
data are available have very

low serum/plasma Zn levels.

The incidence of marginal Zn
deficiency, and the value of Zn
determinations for the

diagnosis of this condition are



TABLE 1.3.

Metal

continued.

Evidence for essentiality.

Zn continued.

1.2.1.

tissue Zn content have hardly
changed.

Zn is unique amongst trace
metals in that there does

not appear to be a functional
body store of this essential
element. Virtually all the Zn
is locked away in bone or
protein, this is responsible
for the rapid onset of
symptoms on a Zn deficient

diet.

Value of assays.

both controversial subjects.
Solomons (28) believes that
Zn. (and Cu) deficiency states
probably represent an under
recognised segment of human
nutrition problems. Solomons
also states that the simple
determination of total Zn

(or Cu) alone is insufficient
for assessing the metal status

of an individual.

Regulation.

The metabolism of the essential trace elements is usually

adjusted by a homeostatic mechanism to maintain body burdens and

concentrations near the optimum levels. The uptake from food and the

excretion rate may both be used for control. For example Elinder (29)

reports that for - iron and =zinc regulation takes place in the

gastrointestinal tract, absorption rising under deficiency conditions
The wuptake of

high,

and falling when stores are adequate. copper, in

contrast, 1is stated by Elinder to be always status being

regulated by an effective and rapid biliary excretion.

The measurement of serum iron and the determination of iron

status have reached a reasonable degree of reliability. The involvement

of iron in a single metabolic process, respiration, undoubtedly helps

in the determination of status. Iron status regulation is therefore a

useful comparative model for ~other metals. The factors affecting iron

absorption are obviodsly relevant to many other metals, despite the

fact that regulation may not be by absorption. Limited absorption,

or particularly favourable absorption conditions can clearly ovelride

the homeostatic mechanism, leading to deficiency or overload

respectively. The conditions resulting from failure of the regulatory
mechanism are also relevant, because chromium is one of several metals

12.



carried by the iron transport protein transferrin. Furthermore a high
incidence of diabetes mellitus is seen in one type of iron overload,
idiopathic haemochromatosis, and Sargeant et al (30) postulated that
the high saturation of transferrin seen in this condition could result
in chromium deficiency.

1.2.1.1. Iron status regulation.

The absorption of iron is susceptible to conditions in the
intestinal lumina, particularly to pH and to the presence of oxidising
or reducing agents. A low pH increases absorption because of the higher
solubility of iron, especially Fe(III). the presence of reducing
agents favours absorption because Fe(IIl) is absorbed about three times
as efficiently as Fe(III).

Reimold et al (4) gives the following account of iron
absorption. The normal intake of iron averages about 20 mg per day, but
only a small fraction of this is absorbed, since an adult male
maintains iron balance on an absorption of about 1 mg per day. However
females during the reproductive years absorb about 1.5 mg daily to
balance menstrual 1losses. The absorptive behaviour of the intestinal
mucosa changes under conditions of abnormal iron status in an attempt
to achieve homeostasis. However under deficiency conditions the’amount
of dietary iron that can be absorbed is limited by its bioavailability.
Absorption rises only to about 4 mg daily under conditions of
depletion, and falls only to 0.5 mg per day in overload states. In
areas where the populations subsist on cereal diets containing little
ascorbic acid or meat,  iron is less <available, and the ability to
increase absorption is even more restricted.

There is a limited loss of iron from the body. 1In ‘the normal
adult male the total excretion is from 0.5 to 1.0 mg per day according
to Moore (31). The bulk of the iron is lost in the faeces where it is
derived from the intracellular iron of exfoliated epithelial cells and
erythrocytes. The urinary loss is reported by Dagg et al (32) to be
less than 0.1 mg daily. When the total body iron content is raised,
iron excretion 1is somewhat increased. This is mainly due to the fact
that each desquamated epithelial cell contains slightly more iron.
Aétaldi et al (33) claims that under conditions of iron overload
macrophages packed with iron pass into the intestine.

1.2.2. Deficiency.

A number of nutritionists consider that absolute deficiencies of
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trace elements are unlikely to occur except among subjécts who have
rare inborn errors of metabolism, metabolic alterations secondary to
protein-energy malnutrition, primary disease or stress, and those
receiving total parenteral nutrition for prolonged periods. The only
reasonably convincing cases of Cr deficiency reported are from this
last category, that is prolonged total - parenteral nutrition, and this
will be discussed in chapter II.

1.2.2.1. Dietary variables.

O'Dell (34) states that there are major discrepancies in the
literature as regards the definitions of bioavailability, some
investigators equating bioavailability with absorption. 0'Dell defines
bioavailability as the proportion of nutrient in food which is absorbed
and utilised. Utilisation is the process of transport, cellular
assimilation and conversion to a biologically active form or forms. The
dietary variables affecting the bioavailability of trace elements are
given in table 1.4 below.

TABLE 1.4.
Dietary variables affecting the bioavailability of trace elements.

A. Extrinsic factors.

1. Age or maturity of food.

2. Processing

3. Dietary components.

i) Protein. Snedeker (35) showed that a high animal protein diet
significantly increased the apparent absorption of Zn.

ii) Carbohydrate. Fields et al (36) reported that replacement of
starch by sucrose reduced the hepatic and renal Cu of rats fed on a
low Cu diet.

iii) Fibre. Davies (37) reviewed the effects of dietary fibre. He
was unable to draw firm conclusions.

iv) Phytate and oxalate. O'Dell et al (38) demonstrated that
phytate decreases Zn bioavailability in experimental animals. Kelsay
(39) showed that foods such as spinach, which are rich in both fibre
and oxalate decrease Zn balance.

4. Minor dietary components.

Considerable evidence has accumulated that a dietary excess of one
trace element may have a detrimental effect on the absorption of
another particularly if the latter is present at a minimal level.

O'Dell (34) reports the following interferences:

14.



TABLE 1.4. continued.
Fe(II), Pb and possibly Sn reduce Zn.
Zn, Cd, Ag and Mo reduce Cu absorption.

B. Intrinsic factors.

1. Chemical speciation.

McKenzie (40) regards chemical speciation as the more important of
the two intrinsic factors. Some differences can be explained on the
basis of aqueous or 1lipid solubiiity. As a general rule organics are
better absorbed than inorganics.

2. Dietary concentration.

Frolich (41) supports the Norwegian policy of »having a very
restrictive fortification policy for foods because of the interéctions
of some elements, and the possibility .of overloading some subjects.

Sandstead (42) states: "A factor that probably protects people
in industrialised societies from the occultence of greatly distorted
trace element relationships is the variety of foods consumed from a
variety of sources. Poor people and members of agrarian societies may
have less protedﬁon in this regard.  In the latter instance, food from
local farms may be the major dietary constituents. When this occurs,
persons living on the farms may be subjected to undesirable soil/plant
interactions similar to those affecting livestock."
1.2.2.2. Genetic defects leading to deficiency.

Genetic defects leading to trace element deficiences are
extremely rare.

1. Menkes' kinky hair syndrome.

This condition was first described in 1962 by Menkes et al (43)
as an x-linked recessive disorder. Danks et al (9) reported that
patients with Menkes®' syndrome were Cu deficient and that the primary
defect was probably one of intestinal malabsorption. Nooijen et al (44)
produced evidence that Cu accumulates in various tissues particularly
kidney and duodenal mucosa, thus Menkes' syndrome cannot be one of
simple Cu deficiency. Furthermore, in agreement with the identification
of the Cu binding protein as a metallothionein, it was found that Zn,
Cd and Hg were also trapped in these tissues. Table 1.5 compares the Cu

levels in Menkes' syndrome with normal values (Danks (45)).
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TABLE 1.5.

Copper levels in Menkes'

syndrome compared with normal values.

Copper Normal baby Menkes'
Tissue. units. 6 to 12 months. syndrome.
Serum. ng/L. 700 to 1525 127 to 381
Liver. ng/g dry wt. 50 to 120 10 to 20
Brain. " 20 to 30 1 to 7
Kidney. " 10 to 20 240
Duodenum. " 7 to 29 50 to 90
2.Wilson's disease.

Wilson's disease or hepatolenticular degeneration is an

inherited metabolic

fundamental disturbances in Wilson's disease are:

i) A gross

caeruloplasmin.

reduction

disorder

in

that affects

the rate of

incorporation

Cu metabolism. The

of Cu into

ii) A eonsiderable reduction in the biliary excretion of Cu.

The copper levels

levels in table 1.6 below (Danks (46)).

TABLE 1.6.

in Wilson's disease are compared with normal

Copper levels in Wilson's disease compared with normal.

Serum caeruloplasmin mg/L.

Total serum Cu

mg/L.

Non caeruloplasmin Cu

as a % of total Cu.

Urinary Cu pg/24 hrs.

Normal adult.

200 to 400
700 to 1525
5 to 10

< 40

Wilson's disease.

0 to 200
191 to 635
> 10

100 to 1000

3. Achroderma enteropathica.

Achroderma enteropathica is a rare congenital inherited disorder

of Zn absorption. The disease is readily cured by the administration of

Zn sulphate.

All patients for whom data are available have

serum/plasma Zn levels.

4, Deficiency of transferrin.

A subject with apparent

Heilmeyer et

al
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very low
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and required regular blood transfusions. However although both parents

had low transferrin levels they were not iron deficient.

The analytical results reported for the subjects with the known
inborn errors involving trace metal metabolism illustrate both the need
to carry out determinations on several types of specimen and the
potential value of fractionation procedures.
1.2.2.3. Excessive loss.

Excessive trace element loss may follow various conditions. The
more common ones include burns, kidney disease, cirrhosis, diuresis and
the therapeutic administration of chelating agents.

The broad spectrum determination of trace -element status for
subjects in this group would clearly be of value. Adequate control of
status should lead to some improvements in prognosis and quality of

life, in those cases where significant deficiencies exist.

1.3. DETERMINATION OF TRACE METAL STATUS.

The criteria given by'Kirchgessner (27) for the diagnosis of
trace element deficiency are listed in table 1.7 below.
TABLE 1.7.
Criteria for the diagnosis of trace element deficiency.
1. Characteristic and sensitive for the particular trace element.
2. Indicate latent and early stages of imminent deficiency.
3. Give some clues to the causal factors.
4. Afford easy sampling of the analytical material.

5. Simple and robust analytical methods.

These criteria can be approached for only one trace metal, iron, at the

present time.

1.3.1. Choice of material for analysis.

Determinations are usually carried out on whole blood,
serum/plasma, urine or hair. The containers used may contaminate any of
these samples with metals. Zn is a particular problem and Reimold et al
(4) reports that the rubber sealing rings used with many sample
containers, especially glass ones are especially troublesome.
1.3.1.1. Blood.

Whole blood, serum or plasma are the samples used for most trace
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element determinations, as blood is a convenient readily available
material. However there are some special problems.

Blood may be contaminated dufing the sampling procedure. The
stainless steel needles can contribute Cr, Mo, Fe and Ni. When the
analyte to be measured is not equally distributed between the blood
cells and the plasma whole blood results are influenced by the "pack
cell volume". As mentioned in 1.1 serum/plasma are misleading for
elements like Zn which are present in much higher concentrations in the
cells if haemolysis occurs, or if the serum/plasma is not separated
from the cells without an unreasonable delay. Plasma is superior to
serum for early separations, but -anticoagulants may contain the
elements to be measured, as discussed earlier with respect to Zn
determinations. The anticoagulant may react with the metal to be
measured and this could affect the result. For example, a sample
‘collected using EDTA as anticoagulant would be unsuitable for
determinations after a fractionation procedure, if the original metal
distribution was disturbed.

The time at which the specimen is taken and the position of the
patient may be important. For example a patient adopting a recumbent
position experiences a flow of extracellular fluid into the blood
vessels leading to a change in many components of the blood plasma.
Samples taken after a meal may reflect trace element absorption and be
significantly higher than fasting samples, or a trace element
containing species may respond to post prandial changes. The last
factor is especially pertinent to Cr determinations, particularly after
fractionation procedures because the proposed insulin cofactor
containing Cr would reasonably be expected to respond to blood glucose
changes. In addition to the above changes diurnal variations may occur.
1.3.1.2. Urine.

Urine has the advantage of being readily available in relatively
large volumes, and the collection system can be very simple, especially
for males, minimising contamination problems. The meaningful parameter
is the excretion relative to a fixed amount of creatinine. The urinary
concentration is only.useful' for the detection of gross toxic states.
The wurine volume and the physical size of the subject under
investigation must be considered in all other studies.
1.3.1.3. Hair.

Hair trace element 1levels can provide useful historical
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information according to some ﬁorkers. Mertz (48) suggested that hair
is a "meaningfui and representative" tissue for the analysis of Zn, Cu
and Cr. Amador et al (49) reported that patients with acrodermatitis
enteropathica had 1low concentrations of 2Zn in their hair. However,
contamination from the environment, and from applied cosmetic
preparations, is a major problem. Hildebrand et al (50) concluded that
because of cosmetic treatment, the effects of which could not be
eliminated by the commonly used sample preparation procedures, hair
could not be expected to indicate the concentrations of the intrinsic
metals. There is general agreement that trace metal determinations on
hair are of 1little . value in the acute situation.

1.3.1.4. Other materials. |

Analysis of soft tissues obtained by biopsy may provide more
information than can be obtained from blood and urine. However it is
obvious that good clinical groﬁnds would be necessary to justify the
collection of such samples. This category of sample has been wused
mainly for the investigation of excessive exposure to toxic metals..
Sequestering tissues are usually sampled. For example, Ulucci et al
(51) advocated renal biopsies for Cd studies.
1.3.1.5. Interpretation of results.

The interpretation of results may be difficult for any sample
type. Thus blood, serum/plasma and urine all give an indirect estimate
of intracellular trace element content. Plasma carries newly absorbed
trace elements as well as those being transported to their target
organs. The concentrations of some elements, or fractions of an element
may be under tight homeostatic mechanisms and remain virtually
unchanged until the body reserves are almost exhausted, as indicated in
table 1.2 for Zn.

1.3.2. Fractionation.

Fractionation to. determine the amount of trace element present
in the form from which it derives its essentiality (usually a
metalloenzyme, coenzyme or hormone) may help to overcome some of the
interpretation problems discussed above. However, the extra processing
involved in such fractionation procedures gives an increased chance of
loss or gain of the element, and of course greater sensitivity is
needed. Nevertheless the greater percentage change in a fraction with a
higher fractional contribution from the essential species could

compensate for this, giving a more sensitive measurement of status.
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Speciation is the ultimate goal, however more modest
fractionation procedures may be useful. The trace element distribution
over various binding entities is clearly an important topic. The trace
‘elements in plasma are mainly present in three forms. A 1labile
exchangeable fraction bound to albumin, ‘a group bound to low molecular
weight substances such as amino acids, metabolites and drugs, and the
essential form, which is usually incorporated in specific
metalloproteins and is usually relatively inert to exchange of the
trace element component. Table 1.8 lists the fractionation techniques

used at the present time.

TABLE 1.8.
Fractionation techniques.
Basis. Technique.

1. Molecular weight. i) Gel chromatography.
ii) Ultrafiltration.

2. Complex stability. Addition of a complexing agent followed by
solvent extraction.

3. Solubility. i) Precipitation with chemicals.
eg. The determination of the Zn bound to albumin
after the precipitation of alpha-2-macroglobulin
with polyethylene glycol (Giroux et al (52)).
ii) Precipitation with antibodies.
eg. The determination of the Cu bound to albumin
after the removal of caeruloplasmin.

4. Indirect methods. i) Determination of a biological property.
eg. Caeruloplasmin measured using its 6xidase
activity. This test is widely used in the
diagnosis of Wilson's disease (see 1.2.2.2.)
ii) Immunological techniques.
eg. The Radioimmunoassay measurement of
ferritin. The best test for the determination of
iron status, giving early and reliable detection
of overload or deficiency, as reported earlier

in table 1.3.

The 1last category in table 1.8 "indirect methods", is probably the one

which will be most developed in the future, both the techniques listed
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in this category being important.

Williams (53), Fiabane et al (54) and Halstead et al (55) all
considered the low molecular weight complexes to be important, because
it is well established that intestinal absorption, reactions in blood
plasma, deposition into tissues, passage through the blood brain
barrier, renal and biliary excretion, and even the synthesis of
metalloproteins, all involve low molecular weight complexes of the
transition metal ion. The complexing agents are usually amino acids.

For obvious reasons the determination of trace elements after
fractionation has been applied to the trace elements present in higher
concentrations, for example Zn, Cu and Fe. The value of the
fractionation procedures in use at the present time for Cu and Fe have
been reported in table 1.8. The Zn content of serum is almost entirely
bound to protein with 50 to 60% bound to albumin and 30 to 40% bound to
alpha-2-macroglobulin, and a variety of methods have been used to
separate these two fractions. However the involvement of Zn in nearly
all organs and metabolic pathways render determinations of total serum
Zn, and of the 2Zn present in these two major fractions, of limited
value.

Danks et al (56) has suggested that the measurement of an
appropriate metalloprotein before and after the administration of a
physiological replenishment dose of metal should distinguish low levels
due to metal deficiency from those due to other mechanisms. Low initial
levels that do not change after treatment would indicate low apoprotein
production due to genetic variability or other factors. Defects in the
absorption of the metal would also prevent a response, eg in DMenkes'
syndrome. The underlying principle ié that deficiency of a metal places
a constraint wupon the formation - of active holo-metal-enzyme, but a
moderate excess of metal does not superinduce production of active
enzymes. Danks states that it seems'logical that this should be true
for metallo-enzyme, as opposed to metal transport or binding proteins,
which might be expected to be super inducible.

1.3.4. The Assessment of Chromium Status.

The determinations of total serum Cr, GTF Cr and free GTF Cr are
clearly the initial targets to aim for.

A chromium analogue of the iron storage substance ferritin could
exist, and measurements of this by immunoradiometric techniques would

then probably provide the most reliable guide to chromium status.
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1.4. CONCLUSIONS.

1.4.1. Reference Values.

The normal levels of a small minority of trace metals in human
serum/plasma have been established with reasonable confidence. Two
principal parameters appear to be relevant to the analytical problems
when determining a particular trace element Jlevel. The first is
concentration, the second is the availability of the metal in the
laboratory environment, containers, sampling equipment and process
materials.

A low concentration exacerbates matrix and contamination
problems, a high availability factor increases contamination problems.

Metals present in very low concentrations and with high
availability factors for example chromium and nickel would be expected
to present special problems in the development of reliable
determinations. The sampling procedure, which is very difficult for the
analyst to control for routine samples, presents particular problems
for these two metals, because of the ubiquitous stainless steel syringe
needle. The only practical answer to this problem is to develop
techniques not involving the measurement of the trace element itself,
for assessing the metal status of subjects, especially in the routine
clinical chemistry laboratory.

1.4.2. Essentiality.

The characteristics which make a particular trace metal a
difficult analyte, will also produce problems in essentiality studies.
A very low plasma concentration implies a very low dietary requirement
and gross deficiency is then difficult to produce experimentally, if
there is a relatively high environmental availability. Furthermore,
natural deficiency is unlikely to occur, except under very exceptional
conditions.

The demonstration of a metal dependent enzyme system is a
possible route to proof of essentiality.

The three metals nickel, chromium and vanadium are all present
in very low concentrations in human plasma, and have relatively high
environmental availability. Furthermore no enzyme systems dependent on
any of these three trace elements have been found. Chromium is the only
one of the three to be virtually universally accepted as essential,

although there is some support for the other two. Nevertheless the
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evidence for chromium as. an essential +trace metal is perhaps not
entirely convincing. The evidence for chromium as an essential trace
metal is discussed in chapter II.

1.4.3. Status.

Trace metal status is clearly easier to define from laboratory
tests when the metal under consideration is involved in a single
metabolic process, or where one is markedly predominant. The diagnosis
of iron status is an example.  The only completely reliable indication
of trace metal deficiency is still the careful observation of the
clinical response to supplementation of the nutrient under
investigation, under controlled conditions.

1.4.4. Chromium.

The reference range for serum/plasma chromium is very uncertain,
and very 1little work has been carried out on serum chromiunm
fractionation. The lack of a consensus value is understandable, given
the ultratrace concentration and high availability mentioned earlier.

The establishment of reliable reference ranges for serum/plasma
and urine chromium are necessary for two purposes. The first is for the
interpretation of accurate determinations on subjects exposed to
possibly toxic quantities of chromium. The second purpose is for
investigations into the assessment of chromium status by laboratory
tests. The fact that chromium essentiality appears to depend only on a
single molecular species, which acts as an insulin cofactor is an
advantage. However a chromium analogue of the iron storage protein

ferritin, if one exists would be the ideal analyte.
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CHAPTER II.

REVIEW OF CHROMIUM AS A TRACE METAL IN HUMAN PHYSIOLOGY.

Chromium is important in human physiology both as an essential
trace metal and as a serious health hazard to workers in certain
industries. The toxicity of chromium must be discussed here because of

its relevance to chromium supplementation.

2.1. TOXICITY OF CHROMIUM.

Cr is used extensively in many industries. Hatherhill (1)
reports that Cr(VI) is capable of crossing oral and pulmonary membranes
and perhaps skin as well. Cr(III) is stated to have a markedly reduced
ability to cross membranes.

2.1.1. Mutagenicity of chromium.

Mutagenic activity by Cr has been demonstrated in both bacteria
and rodents.

2.1.2. Evidence for mutagenicity.

Hatherhill (1) reports that Cr workers have significantly
higher incidences of lung cancer, with relatively few reports of cancer
in other tissues, he refers to references (2) and (3).

2.1.2.Mechanism of mutagenic activity.

Levis and Majone (4) tested Cr(III) and Cr(VI) compounds of
varying solubilities in cell cultures. The observations made in the
experiments are given in table 2.1.

Table 2.1.

Observations by Levis et al on mutagenicity and carcinogenicity tests.

1. Cr(III) compounds have low activity because of strong binding to
the cell mebrane, with resultant poor penetration.

2. Highly soluble Cr(VI) compounds such as K or Na dichromate show low
activity in live animals because of fast spread and rapid
reduction mainly by erythrocytes which are readily penetrated by
Cr(vI).

3. Cr(VI) compounds of moderate solubility such as Ca chromate or Zn
chromate hydroxide, have high mutagenic activity.

4. The cells most at risk are ones which cannot readily reduce Cr(VI)
in the cytoplasm, before contact is made with the nucleus. Cr(III)

produced by reduction of Cr(VI) in the cytoplasm tends to be
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TABLE 2.1. continued.
retained by the cell membrane.

5. Some Cr(III) compounds tested appeared to be active because of
contamination with Cr(VI).

6. There is probably very little oxidation of Cr(III) to Cr(VI) in

biological systems.

Jennette (5) reported that the chromate anion mimics the
sulphate ion and crosses the cell membrane on the sulphate transport
systemn.

The mutagenic activity of chromium appears to depende the
penetration of the cell membrane by Cr(VI) on the sulphate transport
system. The Cr(VI) must then avoid reduction to Cr(III) by the
microsomal fraction of the cytoplasm -and gain access to the nucleus.
The Cr(VI) is then reduced at the nucleus and the Cr(III) produced
interfers with DNA synthesis.

2.1.3. The diagnosis of chromium toxicity.

Toxicological monitoring can be carried out in two complimentary
ways. The first is environmental monitoring, defined as the direct
qualitative and quantitative assessment of exposure by measuring the
harmful agents present in the working environment. The second,
biological monitoring, is the indirect qualitative and quantitative
assessment of exposure of a group or of an individual to noxious agents
present in the workplace.

The objectives and requirements of biological toxicology
monitoring are given in table 2.2 below.

TABLE 2.2.

Objectives and requirements of biological toxicology monitoring.

1. Determining the presence and extent of human health hazards from
exposure to the toxic metal.

2. Establishing reference base lines of concentration ranges in the
general population for the metal being considered.

3. Establishing dose response relationships.

4., Correlating toxic metal concentrations with sources of contamination
and determining risks to defined target populations.

5. Determining trends in the toxic metal concentrations in humans.
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A consistent picture emerges from the Cr toxicology
literature. The important points are that contamination of the air in
the working environment by Cr(VI) can lead to high Cr body levels
because of the ability of Cr(VI) to cross the membranes lining the
respiratory tract. Furthermore Cr(VI) compounds of moderate solubility
appear to be the most dangerous because they can. generate high Cr
levels at the cell nucleus. However significant Cr(III) absorption
takes place only via the gastrointestinal tract, about 0.2% of ingested
inorganic Cr(III) being taken up.

Plasma and urinary total Cr levels appear to have limited value,
and may be useful only for comparative work on workers exposed to
similar Cr compounds and under similar conditions.

Lewalter et al (6) investigated the use of Cr levels in
isolated erythrocytes for toxicological monitoring purposes. The
authors reported that Cr(VI) taken up by erythrocytes are stored in the
cells for the rest of the cells' life span. Subjects were found to vary
in their "plasma reduction capacity" (ability to reduce Cr(VI) in their
blood plasma) and thus - to reduce the intracellular Cr burden. The
interindividual differences observed were considered to be genetically
determined. The conclusions of the author was that the "isolated
erythrocyte" Cr level was a useful biological monitor for exposure to
highly soluble chromates. However, more work was needed with low
solubility and insoluble chromates Dbefore firm conclusions about these
could be drawn.

2.1.4. Conclusions, chromium toxicity.

The measurement and strict control of the Cr(VI) concentration
in the workplace atmosphere appear. to be the primary safety measures
to be undertaken. A biological monitoring technique which takes account
of individual variations in susceptibility and does not depend on the
measurement of Cr is needed. The test should be analogous to the
determination of erythrocyte levels of 5-aminolaevulinic acid
dehydratase (ALAD) and free protoporhyrin for the detection of lead
poisoning. Low (ALAD) and high free protoporphyrin levels that are not
due to exposure to Pb are found in some subjects. However this is not a
disadvantage for "industrial" monitoring purposes as these individuals
are clearly not suitable for work involving exposure to Pb. The "plasma
reduction capacity" mentioned earlier could be a useful screen test to

eliminate individuals who are less suitable for work which exposes them
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to Cr.

The conclusion to emerge with respect to Cr supplementation
from this necessarily brief and limited discussion of Cr toxicology, is
that ingestion of extremely modest, that is less than 250 ng per day of
Cr(III) for a limited time is acceptable. The tests to be carried out
over the supplementation period must be of well proven reliability to
justify the exercise. However the administration of Cr supplements to
pregnant subjects should be avoided until more information about human

Cr metabolism is available.

2.2. ESSENTIALITY OF CHROMIUM.

Mertz and Schwartz (7) were the first to produce evidence that
Cr is an essential trace element. In 1959 they observed that rats fed
on a diet of Torula yeast, which is deficient in Cr, developed impaired
glucose tolerance.

Investigations depending wholly on Cr determinations will not be
presented in this chapter, because chromium measurements on biological
fluids, appear to be too inconsistent for reliable conclusions to be
made from them.

2.2.1. Essentiality in Animals.

The evidence that Cr is an essential trace metal for animals
comes almost entirely from rats maintained: on an artificial 1low Cr
diet.
2.2.1.1. Artificial low chromium diet.

Mertz and Schwartz as mentioned above were the first in this
field. They observed that rats fed on a Torula yeast-sucrose diet
developed glucose intolerance which was improved by Cr(III) salts
alone of the 40 elements tested, although, Mn(II) did produce a slight
benefit.

Schroeder (8) produced similar evidence to Mertz and Schwartz in
1966. However, by preventing airborne contamination Schroeder
maintained more strictly controlled conditions producing a greater
degree of glucose intolerance. Nevertheless he did report a number of
qualifications on the evidence supporting Cr as an essential trace
metal. Schroeder acknowledged that a diet free from Cr was not
available. Therefore a marginal or moderate state of deficiency only
had been induced in the rats. Furthermore the characteristic renal

lesions of human diabetes mellitus were not detected on microscopic
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examination of the tissues. Nevertheless a disturbed glucose metabolism
simulating mild maturity onset diabetes of man was observed. The
evidence against Cr. deficiency as the cause of the glucose intolerance
is not insubstantial. Schroeder noted that the diet was undoubtedly
deficient in nutrients other than Cr. And that male rats supplemented
with vitamin E exhibited glycosuria whether or not Cr was fed, possibly
as a result of the high sucrose diet.

Davies et al (9) fed rats on a commercial Teklad diet containing
30% Torula yeast as the sole protein source, plus 60% sucrose with fat,
minerals and vitamins. The diet was stated by the manufacturers to have
a Cr content of 0.12 ng /g. However Davies found two batches of the
Teklad diet to have a Cr levels of about 0.47 and 0.78 ung Cr/g.
Commercial rat cubes contained about 0.82 ug Cr/g. Nevertheless the
rats fed on the Torula yeast diet showed growth retardation as reported
by both Mertz and Schroeder, referred to earlier. Adipocytes were
isolated by Davies from rats fed on commercial cubes and from rats fed
on the Teklad diet. However only the adipocytes from the rats fed on
the Teklad diet showed the responses to yeast fractions in a test with
suboptimal insulin concentrations that is generally accepted as
indicating "Cr deficiency". This test is discussed later in the GTF
section of this chapter. Davies found that Cr supplementation of the
Teklad diet did not improve the growth rate, or alter the behaviour of
the adipocytes. Furthermore evidence was produced by Davieé indicating
that the high sucrose content of the Teklad diet was responsible for
the poor growth and abnormal adipocytes.
2.2.1.2. Rate of absorption of glucose in Channa punctatus.

Sastry and Sunita (10) studied the effects of Cd and Cr on the
rate of absorption of glucose from the intestine of the snakehead fish,
Channa punctatus.

All concentrations of Cd decreased the rate of glucose
transport. However the authors found to their evident suprise that Cr
increased the glucose absorption rate at all concentrations examined.
The highest rate of absorption'occurring at 0.001mM Cr. Increases above
this level gradually decreased the absorption rate.

2.2.2. Essentiality in ﬁan.

The only real evidence supporting Cr as an essential trace
metal in man comes from three subjects, all women on long term total

parenteral nutrition. There is perhaps a very modest support from
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investigations into the protein calorie malnutrition of infancy
occurring in certain deprived areas and also from certain iron overload
conditions.

2.2.2.1. Subjects on total parenteral nutrition.

Jeejeebhoy et al (11) thoroughly documented the case history of
a female aged 40 vyears who had been receiving total parenteral
nutrition for five years. The patient showed an unexpected 15% weight
loss and peripheral neuropathy. An intravenous glucose tolerance test
showed reduced glucose clearance. Moreover a respiratory quotient of
0.66 indicated that fat was being used as a major energy source. The
patient showed a limited response to insulin therapy. However 250 ug
of Cr daily as the chloride, added to the infusate restored glucose
metabolism to normal within two weeks. The glucose intake had to be
reduced over the next 5 months to prevent the patient becoming
overweight. A maintenance dose of 20 ug Cr per day was sufficient to
keep the patient well for the next 18 months.

Freund et al (12) reported a second .case of apparent severe Cr
deficiency. The glucose intolerance developed after 5 months of total
parenteral nutrition foilowing complete bowel resection. The patient a
woman aged 45 years went into a hyperglycaemic hyperosmolar nonketotic
coma. Concomitantly a metabolic encephalopathy developed. Insulin
therapy produced a limited improvement only, with erratic glycosuria.
However Cr supplementation of 150 aug Cr chloride per day was started
after 7 months. Within a few days insulin was not needed to control the
blood glucose. Furthermore the encephalopathy cleared completely and
the patient started to gain weight.

The third case report, by Brown et al (13), was very similar to
the other two. The patient 1lost weight on a regimen on which she had
previously maintained a stable weight as in the other two cases, but
unlike the earlier subjects this patient did not have clinical evidence
of neuropathy or encephalopathy. The glucose intolerance began after
about 7 months of total parenteral nutrition, very similar to the 5
months reported by Freund et al. Jeejebhoy's patient had been on "TPN"
for 3.5 years before glucose intolerance developed. However, the
chromium content of the nutrition regimen received by this patient may
have changed over this long period, although clearly any change that
occurred was unplanned. All three patients responded after 3 to 5 days

of chromium therapy and exogeneous insulin was then no longer required.
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The plasma Cr 1levels reported in the three cases above show the
usual inconsistencies. Jeejebhoy reported blood levels to be 0.55 ug
Cr/L with a normal range of 4.9 to 9.5 pg/L. Freund reported serum Cr
levels 50 ng/L for the patient in his report, a normal range of 50 to
90 ng/L was quoted. The plasma Cr level reported on Brown;s patient was
1.0 ug/L before treatment, with a reference range of 18 to 38 ug/L.
However, the follow-up plasma.Cr levels remained unchanged at 1.0 ug/L
after 1, 3 and 12 months of chromium supplementation, despite the
subjects return to normal glucose tolerance.
2.2.2.2. Protein-calorie malnutrition of infancy.

Gurson et al (14) reported that a single dose of Cr increased
the glucose removal rate in ©¢ out of 14 cases of protein-calorie
malnutrition in Turkey.

Hopkins et al (20) reported that Cr deficiency was important
in the development of disorders of carbohydrate metabolism in
protein-calorie malnutrition in both  Nigeria and Jordan. Whereas
defective utilization of glucose in protein-calorie malnutrition in
Egypt could not be attributed to a lack of Cr.

Carter et al (16) also found no evidence of Cr deficiency in
protein-calorie malnutrition in Egypt.
2.2.2.3. Idiopathic haemochromatosis.

Sargent et al (17) postulated that patients with
haemochromatosis had reduced Cr retention due to exclusion of Cr by Fe
at metabolic binding sites. The iron transport protein transferrin also
transports Cr, and.- is highly saturated by Fe in idiopathic
haemochromatosis. The diabetes seen in some haemochromatosis patients
was postulated by Sargent to be possibly caused by Cr deficiency,
rather than by deposition of Fe as haemosiderin at the sites of insulin
production in the pancreas. Sargent administered ' Cr(III) to 5 normal
males and to 11 patienfs with idiopathic haemochromatosis. The
retention of *' Cr was measured with a whole body counter for 8 months
and blood levels measured for 40 to 80 days. Sargent found that the
zero time intercepts of the slopes of both the whole body retention
curves, and of the blood clearance curves were significantly different.
Moreover the data on patients after Fe depletion were not significantly
different from the data derived from normal subjects.

Lim et al (18) carried out a similar study on 16 subjects, 5

normals and 11 patients with varying degrees of haemochromatosis. The
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clearance of Cr from different body organs, and from the whole body was
reported to be more rapid in the patients with "fully developed"”
haemochromatosis.

The two papers above are both consistent with the hypothesis
that Cr absorption and transport, are sensitive to the degree of
saturation of transferrin by Fe. The iron overload patients showing an
increased incidence of diabetes mellitus are all of types with a high
degree of Fe saturation of transferrin. However heavy haemosiderin
deposits in the pancreas are associated with a high transferrin
saturation.

Bothwell et al (19) commenting on diabetes and
haemochromatosis states that it was assumed in the past that the
diabetes was due to damage to the islets of Langerhans, and low levels
of insulin have been demonstrated in some patients supporting this
supposition. However it 1s apparent that other factors unassociated
with tissue damage by Fe deposits are involved. The prevalence of
diabetes among first degree relatives of diabetic patients with
haemochromatosis is much higher than among the first degree relatives
of non diabetic haemochromatotics. The diabetes seen in the relatives
of the diabetic haemochromatotics is of the maturity onset type with
high levels of circulating insulin. The hepatic damage seen in the type
of iron overload under discussion may also play a part as cirrhosis is
associated with both insulin resistance and hyperglucagonaemia.

Heilmeyer et al (20) thoroughly documented the case history of a
7 year o0ld child with congenital atransferrinaemia. The parents of the
subject both had reduced serum transferrin levels and the child had
no detectable transferrin. The subject suffered from severe iron
deficiency anaemia with iron deposits in many tissues, including the
pancreas. The iron deposits presumébly resulted from the many blood
transfusions, which had been given at three monthly intervals since
birth. However the report contained no reference to any disturbance of
glucose metabolism. The regular blood transfusions alone would not
supply sufficient Cr on the basis of the report on the distribution and
binding of Cr by Lim et al (18), see table 2.4 in section 2.5. Moreover
the parents were not reported to have shown any evidence of glucose
intolerance although, as reported above, they both had low transferrin
levels. One must conclude that transferrin does not have the same vital

role in the useful transport of Cr that it has with Fe.
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The diabetes seen in idiopathic haemochromatosis is clearly not
fully understood, perhaps Cr deficiency may be a factor, in a condition
with a varying spectrum of contributing causal factors.
2.2.2.4. Marginal chromium deficiency.

Investigations into the effects of Cr supplementation on
subjects with possible marginal Cr deficiency, have usually involved
groups of elderly individuals with relatively mild glucose intolerance,
of the non-insulin requiring type. The maturity onset diabetic produces
normal, or above normal - quantities of insulin, and is a popular choice
as a possible marginal Cr deficiency subject.

A variety of tests have been chosen to determine if a response
to Cr supplementation has occurred. However tests of glucose tolerance
are common to all investigations. The change in plasma 1lipids, and in
the insulin response to a glﬁcose challenge, have also been monitored
by some workers. The total cholesterol/high density 1lipoprotein
cholesterol ratio together with the glycosylated haemoglobin levels,
are probably the ideal parameters for objectively assessing if
supplementation has been of real benefit to the recipient.

Table 2.3 below 1lists reported responses on subjects with
possible marginal Cr deficiency to Cr supplementation. It can be seen
that the reported responses are inconsistent and even contradictory, to
such an extent that no reliable conclusions are possible.
2.2.2.5. Marginal chromium deficiency in pregnant women.

The glucose intolerance found in pregnancy was first reported by
Hurwitz et al (27) in 1942, and the possibility that increasing demand
for Cr by the foetus, could lead to maternal Cr deficiency, on a diet
of borderline sufficiency, has been a popular hypothesis for the
_élﬁcose intolefance of pregnancy.

Knopp et al (28) reporting on metabolic adjustments in normal
and diabetic pregnancy, posed the dguestion: whether the foetus acts
solely as a parasite draining fuels from the mother, or whether the-
mother adapts to augment the supply of energy fuels to the foetus? The
authors concluded that there is a maternal "push", as well as a foetal
"pull", and the changes in carbohydrate and 1lipid metabolism seen in
"normal" pregnancy is adaptive, enabling a greater push of nutrients to
take place during the peak foetal fuel requirements of the +third
trimester. Clearly completely reliable analytical data on Cr 1levels.

would be difficult to interpret, even if such data were available.

35.



TABLE 2.3.

Responses of subjects with possible marginal chromium deficiency to

chromium supplementation.

i) Key to code used.

Subjects.

A. Normal.

B. Intermediate glucose tolerance, in the normal/diabetic border.
c. Maturity onset diabetic, diet controlled.

D. Maturity onset diabetic, taking oral antidiabetc medication.
E. Maturity onset diabetic, on insulin.

F. Juvenile onset diabetic, on insulin.

G. Diabetic, classification not stated.

Supplementation.

Cr. Cr admininstered as Cr chloride.

YB. Brewers' yeast, high GTF content.

YBE. Brewers' yeast extract, low GTF content.

YT. Torula yeast.

Response parameters.

GT.
FBS.
HbG.

IL.

FIL.

Cpept.

Chol.
HDL.
C/HDL.

TGL.

Glucose tolerance.

Fasting blood sugar.

Glysolated haemoglobin as fraction of the total haemoglobin.
Glysolation of haemoglobin occurs in the erythrocyte in the
peripheral circulation during the 120 day life span of the cell.
HbG is a good indicator of the long term integrated plasma
glucose level.

Insulin levels following a glucose challenge.Increased
sensitivity to insulin would be a positive response.

Fasting insulin level.

Insulin C-peptide is secreted with insulin in equimolar amounts
but is cleared from the circulation more slowly. Consequently
the molar ratio of insulin to Cpept. in plasma changes in
response to the stimulation and suppression of insulin
secretion. This test is useful in detecting insulin secretion in
patients on insulin medication.

Total serum cholesterol.

High density lipoprotein cholesterol.

Total serum cholesterol/HDL cholesterol ratio. Widely used as a
risk factor for coronary thrombosis. Low ratios favourable.

Triglycerides.
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TABLE 2.3. continued.

Reference.
Glinsmann
et al.
(21).

Levine
et al.
(22).

Rabinowitz.
et al.
(23).

ii) Data.

Supplementation.

Cr 60 ng/day.

15 to 120 days.
24 days.

18 days.

140 days.

73 days.

133 days.

15 days.

Cr 150 ng/day.
120 days.

120 days.

Cr 150 ng/day.

YB 6 ng Cr/day.

YBE 18 ug Cr/day.

Subjects.

F(1).
D(1).
c(1).
E(1).
D(1).
D(1).

B(4).

B(6)>

F(21).

c(9).

D(11).

The three above supplements provided about equal

amounts of Cr after correction for bioavailability.

Placebo <0.4 ug Cr/day. All subjects received

3 of the 4 supplements.

Vinson
et al.
(24)

Yb 218 ng Cr/day.

6 months.
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A(6).

B(5).

E(7).

D(5).

Response.

GT. No change.
GT. Improved.
GT. Improved.
GT. No change.
GT. No change.

GT. No change.

GT. Improved.

IL. No change.

GT. No change.

IL. No change.

All categories
of subjects
showed no
significant
changes in :-
FBS.

Chol.

TGL.

GT.

FIL.

Cpept.

HbG. No change.

HbG. Improved.
C/HDL. Improved.
HbG. No change.
C/HDL. No change
HbG. No change.
C/HDL. No change.



TABLE 2.3. continued.

Reference. Supplementation. Subjeéts. Response.

Hunt D(22). Both categories
et al. YB, YT as control. showed no

(25). c(17). significant

change in :-

FBS.

HbG.

FIL.

Chol.

HDL.

TGL.
Martinez B(8). GT. Improved.
et al. Cr 200 ug/day. IL. Improved.
(26). A(13). GT. No change.

70 days. IL. No change.

The vast majority of pregnancies are uneventful for both mother
and child indicating ‘that significant Cr deficiency cannot be common.
Chromium supplementation in pregnancy could not be encouraged without
much better evidence than has been produced at the present time.

2.3. BENEFICIAL CHROMIUM.

The normal level of Cr may not be the optimal. Evidence has been
presented by some workers indicating that Cr supplementation of the
diet can have beneficial results in man and in animals.

2.3.1. In Animals.

Abraham et al (29) investigated the effects of Cr
supplementation on cholesterol induced aortic plaques in rabbits, and
concluded that Cr supplementation had a significant effect on the
regression of these plaques.

The effects of Cr supplementation on rabbits fed on the very
high cholesterol diet used by Abraham cannot be accepted as a reliable
guide to the effects of Cr supplementation on humans on a normal diet.
However, the results do indicate that Cr may be involved in 1lipid
metabolism in mammals

2.3.2. Beneficial Effects in Man.

Atherosclerosis is a major health problem in the western world.
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Insulin and hence Cr, if we accept GTF as an insulin cofactor, is very
much involved in lipid metabolism. LDL (low density lipoprotein) and
triglycerides favour the development of atheroscleosis. In contrast HDL
(high density lipoprotein) exerts a protective effect. 1Insulin has a
lipogenic activity and if GTF enhances other effects of insulin but not
its 1lipogenic effect +then higher GTF 1levels could be beneficial.
Diabetics tend to have high 1lipid levels with a consequent increase in
atherosclerosis.

Riales et al (30) investigated the effect of Cr chloride
supplementation on glucose tolerance and serum lipids including HDL
cholesterol on a group of healthy adult men. Cr chloride was used
instead of yeast to eliminate the possibility that any effects could be
ascribed to some other factor present in yeast. In this controlled
double blind study of 23 men aged from 31 to 60 years the test group
ingested 200 ug Cr per day, for 5 days of each week, for 12 weeks. The
Cr supplementation was reported to have resulted in a significant
increase in HDL cholesterol, a decrease in body weight and a trend
towards decreased triglycerides. Total cholesterol and LDL cholesterol
did not change significantly.

Offenbacher et al reported in 1980 (31) an improvement in
glucose tolerance and plasma cholesterol after a supplementation study
with brewer's yeast. . However, a control group given Torula yeast also
showed significant improvements in plasma cholesterol 1levels. The
subjects were a group of healthy elderly individuals in a retirement
home. Offenbacher et al repeated and extended the study in 1985 (39).
The subjects of this second investigation were from the same area of
New York city, and of similar age, 63 to 93 years, socioeconomic level
and ethnic origins as the first group. The same health criteria were
used to select the subjects in both studies. The 23 individuals in
this second study were randomly assigned into one of three
supplementation groups:

i) Brewer's yeast, 5 ug Cr per day (cf 10.8 ng Cr/day in 1st study).
ii) Cr chloride, 200 ng Cr per day. ‘
iii) Placebo.

The authors reported that no significant changes occurred in
glucose tolerance , insulin, cholesterol or triglycerides in any of the
three 'groups in this second study. Three possible explanations were

considered for the different findings in the two studies :
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i) Some substance in the yeast other than Cr was responsible for
at least part of the improvement in the first study.

ii) Too little yeast Cr was fed in the second study.

iii) The free living group had adequate levels of dietary Cr and

hence good Cr status at the begining of the study.

A Dbeneficial effect from Cr supplementation has not been

conclusively demonstrated.

2.4. GLUCOSE TOLERANCE FACTOR (GTF).

Mertz (33) reported the first biologically active compounds
known to contain Cr in 1957. This compound was considered to be a
dietary agent required for the maintenance of normal glucose tolerance
in rats, and consequently it was called "Glucose Tolerance Factor"
(GTF).

The term GTF appears to be associated with two characteristics.
The first to be described was a high dietary availability. Oberleas
(34) reports that absorption of Cr from a normal diet ranges from 0.5
to 2%. In contrast absorption of Cr from GTF may rise to 25%. The
second characteristic of GTF is the ability to enhance the effects of
suboptimal concentrations of insulin on the oxidation of glucose.
Adipocytes from the epididymal fat pads of diet induced glucose
intolerant rats are usually used. The stimulation of the rate of carbon
dioxide production from glucose in a Cr deficient yeast bioassay
system is also used, and as it is easier to perform it is often used
for screening purposes.

A number of Cr containing compounds have been reported to have
one or both the above. characteristics. "Substances showing GTF
activity" appears to be a better term than GTF, to avoid the
implication of a single molecular species. A single molecular species
may dominate the GTF activity in human plasma, and if +this can be
demonstrated the compound could be referred to as "Human GTF".

Toepfer et al (35), and Mirsky et al (36), isolated substances
with GTF activity from yeast. The former reported that the active
material contained Cr, nicotinic acid, glycine, glutamic acid and
cysteine, and that reacting these compounds together in vitro produced
a mixture of Cr complexes with GTF activity. Cooper et al (37)

investigated a mixture of the above compounds and also found that the
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products showed GTF activity. Cooper and Toepfer concluded that the
niacin-Cr-niacin axis was important for GTF activity.

Davies et al (9) reported the isolation of two small Cr free
amino compounds with GTF activity from yeast. These substances, later
identified as ornithine and a substituted lysine, both increased the
effect of 10 uU of insulin to that of about 200 uU, when 70 ng of
either were added, in the adipocyte test.

2.4.1. Mode of Action of GTF.

Christian et al (38) postulated that the formation of a ternary
complex between Cr, the A chain disulphide of insulin, and membrane
sulp}gydryl groups facilitates the initiation of the hormone action. In
support of this Simonoff (39) reported that polarographic studies have
led to the hypothesis that GTF participates in a ternary complex with
insulin and a membrane receptor site. Furthermore, Anderson et al (40)
reported that a Cr containing fraction, isolated from a synthetic GTF
mixture, was found to bind strongly to porcine insulin.

Mirsky et al (36), however, produced evidence that GTF
influences the transport of sugar to cells. GTF isolated from yeast was
found to increase carbon dioxide production from glucose, fructose,
mannose and galactose, by several yeast strains, when grown on a Cr
depleted medium. The increased production from galactose, which is
known to differ from glucose in the initial metabolic steps, together
with the ineffectiveness of GTF on a cell free extract, and the results
of a Michaelis plot for carbon dioxide production, support the
hypothesis that GTF influences the transport of sugar to the cells.

Potter et al (41) wusing the hyperglycaemic clamp technique
developed by DeFronzo et al (42), reported that Cr supplementation of
glucose intolerant older people, resulted in improved glucose
utilisation, and increased beta cell sensitivity to glucose. However
tissue sensitivity to insulin was not significantly changed, and an
assay of erythrocyte insulin receptors failed to detect any significant
change. Potter's findings are consistent with increased glucose
transport after Cr supplementation.

The increased rate of glucose absorption reported earlier in
Channa punctatus (10) after exposure to Cr, also supports increased
transport of glucose as a mode of action of GTF.

The increase in insulin sensitivity reported by some workers

would favour the hypothesis of an insulin GTF complex. However, many
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investigators have found no significant change in insulin levels after
Cr supplementation, even in subjects who have shown improved glucose
tolerance.

2.5. DISTRIBUTION AND BINDING OF CHROMIUM.

Lim et al (18) investigated the kinetics of Cr(III) in the human
body using a whole body scintillation counter. The Cr in the plasma was
found to be 95% protein bound in equilibrium with 5% unbound or bound
to small molecules. The plasma Cr was reported to be in equilibrium
with three clearly defined tissue compartments, with fast, medium and
slow transfer rates. Each imaged organ appeared to contain varying
proportions of each compartment. Table 2.4 gives details of the three
compartments, a plasma level of 0.1 ng Cr/L was assumed. The slow
compartment was considered to be a storage compartment, whilst the
medium compartment could represent a short term borrowing pool. The
kidney was reported to clear the unbound plasma Cr. A daily excretion

of about 0.11 ng/day was calculated for the derived model.

TABLE 2.4.

The distribution of chromium in the human body.
Compartment. Half life. Tissue. Total Cr ug.
Fast. 0.5 to 12 hours. Adipose 0.13

and muscle.
Medium. 1 to 14 days. About equal in 0.8
adipose, muscle
liver and spleen.
Slow. 3 to 12 months. Liver and spleen. 24
Plasma. 0.3

Graf-Harsanyi et al (43) investigated the distribution of Cr in
a sample of lyophilised animal serum. The proteins were separated using
gel-filtration, measured using conventional spectrophotometry at 280
nm. The Cr concentration was determined using atomic absorption
spectrophotometry with electrothermal atomisation. Two chromium
containing fractions were found. One was in the high molecular weight
range, in the macroglobulin group. The second fraction was found among
proteins of low molecular weight, such as albumin and transferrin.

2.5.1. Transferrin.

The iron transport protein transferrin has two Fe binding sites, and is
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normally maintained at 30% saturation, so that spare sites are
available. The two sites although similar are not identical. Harris
(44) reports that the Fe site preference is pH dependent, but only one
site will bind Cr. Mn and Cu are also bound by transferrin. The release
of Fe by transferrin is very dependent on pH. Bates et al (45) found
the half life to be 14 hours at pH 7.5, whereas at pH 4.1 the half
life was 2 seconds.

Cr in blood plasma appears from the references cited to be
present in three pools. The smallest pool, in which the Cr is bound to
small molecules represents about 5% of the total, and is susceptible to
excretion by the kidney. The other two pools consist of protein-bound
Cr. In one of these pools the Cr is bound to relatively low molecular
weight proteins,  transferrin predominating. The remaining Cr is bound
to alpha-2 macroglobulin. The transferrin bound Cr should be readily

released in acid solutions.

2.6. ASSESSMENT OF CHROMIUM STATUS.

The only conclusive test for Cr deficiency at the present time
is the response to supplementation wusing inorganic Cr, and only
subjects with gross deficiency can be unequivocably diagnosed.

The relative response following a glucose challenge has been-
proposed and investigated by many workers for the establishment of Cr
status. However this parameter depends on the determination of Cr
levels in plasma/serum and or urine, and is discussed in detail in

chapter VIII.

2.7. CONCLUSIONS.

The three cases of gross Cr deficiency in subjects on long term
parenteral nutrition, represent the only convincing evidence for Cr
essentiality, certainly in humans and arguably in mammals. The three
patients appeared to respond to inorganic Cr, and the inadvertent
co-administration of an identical essential nutrient to all three
subjects is improbable. The time interval before the development of Cr
deficiency symptoms is consistent with the data in table 2.4.

The reports on rats maintained on a low Cr diet are not so
convincing. There is some doubt aboﬁt the Cr content of the diet, and
evidence that the unquestionably high sucrose content of the diet may

have been responsible for the observed glucose intolerance.
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The contribution of marginal Cr deficiency as a significant
factor in glucose intolerance, must be considered as not proven in the
three classes of subjects, maturity onset diabetics, pregnant women and
haemochromatotics, investigated.

Maugh (46) reported that insulin levels are normal or high in
maturity onset diabetics, whereas insulin receptors are reduced.
Investigations of Cr supplementation to maturity onset diabetics have
failed to produce consistent .reports of increased insulin sensitivity,
or increased binding of insulin to cell receptors.

The absence of clear evidence that Cr supplementation has a
remedial action on individuals with mild glucose intolerance does not
preclude beneficial effects on normal subjects. Clearly a metabolic
abnormality not due to Cr deficiency, could exert a controlling effect
not susceptible to Cr supplementation.

The reliable demonstration of a beneficial effect from Cr
supplementation in humans, clearly requires a large scale 1long term
clinical +trial, and there . are possibilities of marginal harmful
effects. Laboratory tests would have only a minor role in this
investigation. Inorganic Cr, not yeast would have to be wused to

eliminate the effects of other factors present in yeast.

2.8. THE PROPOSED INVESTIGATION.

The determination of Cr in plasma/serum or urine is not an easy
task, that is clear from the lack of agreement on a normal range. The
"probable normal range" has been steadily revised downwards and the
true level, 1is probably near the detection limit attainable at the
present time, when the matrix problems are taken into account. The
diagnosis of chromium deficiency even if Cr levels are a reliable
guide, must depend on the. ability to identify values below the normal
range; a very exacting demand. The response to a glucose challenge of
the four parameters below may be a more realistic investigation to
undertake, and a response would itself, be some evidence of an
involvement by chromium in glucose metabolism. Analytical techniques
for the determination of these parameters are necessary before their
value in the establishment of chromium status can be investigated.
Parameters.

1. Total protein-bound serum chromium.

2. Alpha-2-globulin-bound serum chromium.
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Parameters. continued.
3. Free serum chromium.
4. Urine chromium, this presumably gives an indirect, time integrated,
measurement of the free serum chromium level, and is probably a more
realistic goal, as the free serum chromium 1level is anticipated to be

very low.
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2.
3.
4.
5.
6.

7.

8.

9.
10.
1.
12.
13.
14.
15.
16.
17.
18.
19.

20.

21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
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CHAPTER III.

REVIEW OF CHROMIUM DETERMINATIONS ON HUMAN SERUM/PLASMA

AND URINE.

3.1. SERUM AND URINE CHROMIUM CONCENTRATIONS REPORTED IN THE

LITERATURE.

3.1.1. Serum/Plasma Chromium.

Table 3.1 below lists a selection of the published values for

serum/plasma chromium, together with the analytical technique used.

TABLE.3.1.
Plasma or serum chromium concentration ung/L.
YEAR. ANALYTICAL MEAN. RANGE. NOTES. REFERENCE.
TECHNIQUE.
1956 Spectrograph. 22 7 to 52 (1).
1956  Spectrograph. 185 82 to 308 (2).
1959 Spectrograph. 25 16 to 39 (3).
1960 Spectrograph. 28 9 to 56 (4).
1962 Spectrograph. 55 10 to 390 (5).
1966  Spectrograph. 171 / (6).
1966  Air/hydrogen 28 23 to 34 MIBK extraction (7).
flame AAS. after wet ashing and
oxidation to Cr(VI).
1967 NAA. 0.7 to 3.2 (8).
1967 Air/hydrogen 30 11 to 66 MIBK extraction (9).
flame AAS. after wet ashing and
oxidation to Cr(VI).
1968 Air/hydrogen 23.2 / Used method directly (10).
flame AAS. above.
1969 GC.ECD. 447 40 to 1440 tfacac extraction (11).
after acid digestion.
1971 Spectrograph. 28 <10 to 260 : (12).
1972 AAS/ETA. 5.1 3.1 to 7.2 Wet ash pretreatment.(13).
1972 NAA. 9.3 / (14).
1972 NAA. 10.3 / (15).
1972  GC.ECD. 13.5 2.7 to 24 tfacac extraction (16).
after acid digestion.
1972 NAA. 45 14 to 77 (17).
1972  AAS/ETA. 4.7 / Wet ash pretreatment.(18).

Al needles used.
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YEAR.

1974

1974

1974

1975

1975

1975

1976
1978

1978

1978

1978

1979
1979

1979

1979

1980
1980

1980

1981

1982
1983

1984

TABLE.3.1. continued.

ANALYTICAL
TECHNIQUE.
AAS/ETA.
D2 bkgr.

Emission

MEAN. RANGE. NOTES. REFERENCE.

1.6 / Direct injection. (19).
Stds. in dextran.

3.1 / (20).

argon/silver arc.

Chemiluminescence. 150 / Wet ash pretreatment. (21).
AAS/ETA. <0.5 / (22).
AAS/ETA. 43 / Kansas City, Missouri. (23).

12 / Kansas City, Kansas.
Emission 20.5 / (24).

Electrical plasma.

GC.MEED.
NAA.

AAS/ETA.
WI bkgr.
NAA.
NAA.
NAA.
AAS/ETA.
WI bkgr.

AAS/ETA.
AAS/ETA.

AAS/ETA.
AAS/ETA.
U hc bkgr.
AAS/ETA.
D2 bkgr.
AAS/ETA.
D2 bkgr.
NAA.
AAS/ETA.
WI bkgr.
AAS/ETA.

7.2 3.6 to 9.9 Dry ash, tfacac ext. (25).

0.16 0.04 to 0.35 Samples taken using (26).
polypropylene cannula.

0.14 / Wet digestion in fused (27).

silica tube.

1.7 / (28).

6.0 / (29).

0.45 / (30).

0.075 / Pretreatment- oxidation (31).

nitric acid/hydrogen peroxide.

Stainless steel needle used!

8.2 / (32).

0.7 (serum). Ash pretreatment. (33).
1.0 to 1.5 (Li heparin plasma).

2.9 (whole blood). Direct injection (34).

2.0 / Direct injection (35).

dil.1/3 Triton X soln.

4.6 4.4 to 6.1 Direct injection. (36).
Method of ref. (19).

1.6 / Direct injection (37).
Method of ref. (19).

1.0 / (38).

0.12 / Direct injection. (39).

Plastic catheter for samples.

3.0 (whole blood). Pretreatment- wet (40).

oxidative digestion.
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TABLE.3.1. continued.

YEAR. ANALYTICAL MEAN. RANGE. NOTES. REFERENCE.
TECHNIQUE.
1984 AAS/ETA. 0.12 / Siliconised needle (41).

plus PVC tubing for samples.
1984  AAS/ETA. / 10.6 to 31.8 (42).
Zeeman bkgr.
1984 AAS/ETA. 0.11 / Pretreatment- dry ash. (43).
WI bkgr. Siliconised needle
plus PVC tubing for samples.
1984 PIXE. 8.5 7.6 to 9.4 MIBK extraction (44).
after wet ashing and
oxidation to Cr(VI).
1985  AAS/ETA. 0.27 0.09 to 0.63 Pretreatment- (45).
partial digestion with bacterial protease.

Siliconised needle plus PVC tubing for samples.

1985  AAS/ETA. 0.56 0.012 to 1.0 Direct injection. (46).
WI bkgr.

Abbreviations.

AAS atomic absorption spectrometry.

ETA electro thermal atomisation.

GC gas chfomatography.

ECD electron capture detector.

MEED microwave excited emission detector.

NAA neutron activation analysis.

PIXE proton-induced X-ray emission.

bkgr background correction.

D2 deuterium lamp.

WI tungsten iodide lamp.

MIBK methyl isobutyl ketone.

tfacac 1,1,1-trifluoro-2,4-pentanedione.

3.1.1.1. Discussion.

The obvious trend is towards lower mean values. The mean value
in the decade starting in 1960 was 126 pg Cr/L, falling to 16 ug/L in
the next decade and to 1.9 in the period from 1980 to 1985. AAS/ETA has
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become the most popular technique and the two techniques AAS/ETA and
NAA are the only oneé to have produced reported mean values below 5.0
g Cr/L. In the period from 1980 to 1985 ten of the eleven results
reported were obtained using AAS/ETA and five of the mean values quoted
were less Vthan 1 mg Cr/L. Furthermore, three of the five mean values
below 1 ug Cr/L were in the 0.1 to 0.2 ug/L range and one of the other
two values was only slightly higher at 0.27 ug Cr/L.

A major cause of falsely elevated serum/plasma values appears to
be contamination with extraneous Cr during the sampling procedure, and
this will be discussed in detail in chapter VII. The published values
of less than 0.3 ug Cr/L were, with two exceptions quoted by workers
who reported taking stringent precautions against sample contamination
during specimen collection.

Three authors reported mean ' levels of 1less than 0.3 ug Cr/L
prior to 1980, and one (Versieck et al (26)) used a polypropylene
cannula for sample collection. However Vanderlinde et al (31) stated
that a conventional stainless steel needle was used for the collection
of samples which gave a mean serum chromium 1level of 0.075 ng/L, and
Kayne et al (27), in default of any specific details for sample
collection presumably also used conventional equipment. Stainless steel
needles from different sources and even different batches from a
particular source may vary as sources of extraneous chromium: perhaps
Vanderlinde and Kayne were just lucky.

The four workers who reported mean values of less than 0.3 _ug
Cr/L in the period from 1980 to 1985, avoided contamination at
venepuncture from the conventional stainless steel needle by using a
plastic cannula, or combination of a short siliconised steel needle
attached to a length of PVC tubing.

The four authors above, who reported values of 1less than 0.3 ug
Cr/L, all wused Perkin Elmer 5000 atomic absorption spectrophotometers
equiped with HGA 500 furnaces. The important characteristic of this
model appears to be the background correction capability, both tungsten
iodide and Zeeman facilities are available. Three workers Anderson et
al (41), Kumpulainen et al (39) and Veillon et al (43), used tungsten
iodide whilst Offenbacher et al (45) wused Zeeman. Kumpulainen used
direct injection, and background correction must have been obligatory.
Offenbacher used an unusual pretreatment process, partial digestion

with proteolyic enzymes derived from bacteria, whilst Veillon used the
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-more traditional dry ash with magnesium nitrate, however both still
found background correction  was necessafy. The 1last two teams qf
investigators, Offenbaker and Veillon enjoyed the luxury of Class 100
clean areas for their pretreatment processes. Anderson may have used
direct injection, he certainly did for urines but no details are given
or referred to for serum sampies.

Simonoff et al (44) reported the. high reference value of 8.5 ag
Cr/L and claimed that losses of Cr as a volatile component during
processing,»and oxr the measuring’process, was responsible for the lower
values quoted in the 1literature. The evidence for and against the
existence of a volatile chromium component in biological materials, and
premature losses during processing and or at the ash stage of the ETA
cycle are discussed in section 3.4.1.

The main conclusions f;om the discussion above are that blood
samples must be collected using a plastic cannula, and if AAS/ETA is
used, then an instrument equipped with tungsteﬁ iodide or Zeeman
correction is probably needed. ‘

3.1.2. Urine Chromium.

Table 3.2 below 1lists a selection of the publiéhed values of

‘Cr levels in urine, together with the analytical techniques used.

TABLE.3.2.
Urine chromium concentrations ug/L.

YEAR. ANALYTICAL ~ MEAN. . RANGE. NOTES. REFERENCE.
TECHNIQUE.

1969  GC.ECD. 36.5 4 to 196 tfacac extraction (11).

éfter acid digestion. .
1972 AAS/ETA. 5.2 2.6 to 10.6 Wet ash using (13).
perchloric acid.

1973 AAS/ETA. 1.7 3.0 to 38 Direct injection. (47).

1978  AAS/ETA. 0.5 0.2 to 0.7 Continuum source (48).
WM. bkgr. . echelle monochromator AAS.

1978  AAS/ETA. 1.1 0.2 to 2.2 Acid digestion. (27).
WI. bkgr.

1979 AAS/ETA. 8.5 / Direct injection. (49).
D2. bkgr.

1979  AAS/ETA. 0.4 / Acid digestion. (31).
WI. bkgr.

1980 AAS/ETA. 0.79 / Hydrogen diffusion (50).
D2. bkgr. flame shield supplement to argon.
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TABLE.3.2. continued.

YEAR. ANALYTICAL

1980

1981

1982

1983

1983

1983

1983

1984

1984
1985

TECHNIQUE.
AAS/ETA.

AAS/ETA.
WI. bkgr.

AAS/ETA.

AAS/ETA.
D2. bkgr.

AAS/ETA.

WI. bkgr.
ICPES.

AAS/ETA.
WI. bkgr.
AAS/ETA.
D2. bkgr.
AAS/ETA.
AAS/ETA.
WI. bkgr.

MEAN. RANGE. NOTES. REFERENCE.

0.48 / Low temp. ash & (34).
atomisation.

0.15 / Direct injection. (51).

Values confirmed using:-
i) stable isotope GC. MS. ijii) CEWM-AAS.
0.72 (20 to 35 yrs.) Direct injection.
0.39 (47 to 69 yrs.)

0.8 0.2 to 2.4 Low temp.
atomisation.

0.13 / Direct injection.

