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Abstract

Zinc (Zn) sufficiency status is commonly determined clinically by serum or plasma zinc concentrations
from venous blood collection. To investigate whether the measurement of whole blood Zn concentration
using simple and less invasive fingertip blood samples reflects the Zn sufficiency in the body, we first
measured the tissue and whole blood Zn concentrations during Zn deficiency and recovery in rats,
followed by the same measurements in the fingertip blood samples of young females. Ten microliter of
blood sample was diluted, hemolyzed in ultrapure water, and analyzed (50 samples/2 h) without acid
digestion or any other pretreatment. Zn restriction in young rats rapidly resulted in Zn deficiency
symptoms and a marked decrease in serum Zn concentrations; however, there were no significant
changes in Zn concentrations in the liver, muscle tissue, or whole blood from the rat tail vein. In young
Japanese women with no health problems (N = 69), average fingertip blood Zn concentration was
7935 ng/dL (95% confidence interval [C.L]: 717.0-870.1 nug/dL) and average serum Zn concentration was
764 ng/dL (95% C.I.: 78.7-74.2 ug/dL), although no correlation was observed between the two. Average
estimated Zn concentration in blood cells was 1271.6 pug/dL (95% C.I.: 1144.0-1399.1 ng/dL), suggesting
that individual differences were predominantly influenced by the Zn concentration in blood cells. Whole-
blood Zn concentration assay using small amounts of fingertip blood is feasible as a simple evaluation
method. Further study will be conducted in all age groups, including males, and the association with
variables will be analyzed.
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Introduction

This study proposes a screening method for the
identification of zinc (Zn)- deficient individuals.
Recent research has made significant progress in
elucidating the physiological functions and clinical
etiology of Zn. This study validates a simple and
widely available Zn assay for public health
application.

The physiological importance of Zn as an essential
trace element has been recognized, and its
association with various diseases has been
demonstrated.[1, 2, 3] Various methods have been
proposed and validated to determine the
sufficiency of Zn in the body.[4, 5, 6, 7, 8, 9, 10, 11,
12] Measurement of serum or plasma Zn
concentration is widely as a clinical test, and
recently, a test method based on the expression
levels of Zn transporters as indicators has also
been proposed.[13, 14, 15] However, because the
measurement of plasma or serum Zn
concentration requires venous blood sampling, it
should only be applied to clinical cases deemed
necessary by a physician and should not be
performed for the general population. There are
few opportunities for Zn testing in the general
population, except for research purposes. In
addition, the sensitivity and specificity of this
indicator have been pointed out to be low for
diagnosis based on plasma or serum Zn
concentration and for the study of Zn sufficiency
in the body.[14, 16, 17, 18, 19] Zn deficiency is a
common problem in both developing and
developed countries. Moreover, Zn deficiency is a
nutritional challenge in both developing and
developed countries, with higher rates reported in
young women and older men in developed
countries, as determined by the plasma or serum
Zn levels[12, 13, 20, 21, 22] Therefore, there is
public health value in identifying Zn-deficient
individuals in the population, implementing
nutritional education and other interventions, and
evaluating their public health value. For this
purpose, a simpler and more accurate Zn assay
than venous blood sampling is required. The
purpose of this study was to test the utility of
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measuring the Zn concentration in whole blood in
trace amounts, such as in the fingertip blood.
Here, we experimentally created Zn deficiency in
rats, examined the relationships among the tail
vein blood, serum, and organ Zn concentrations in
rats, and also determined the relationship between
fingertip blood and serum Zn concentrations in
young Japanese women.

PART 1: Changes in Blood and Tissue Zn
Concentrations During the Onset of Zn Deficiency
and Recovery in Rats

To observe the relationship between blood and
tissue Zn concentrations during the onset of Zn
deficiency and recovery, deficient rats were
created via the ingestion of a Zn-deficient diet,
followed by return to a normal diet, and blood,
heart, liver, and muscle Zn concentrations were
measured until the recovery phase. Blood Zn
concentrations were analyzed in the tail vein spot
blood and serum at autopsy.

Experimental Design

Experimental Animals and Conditions
Five-week-old female rats (F344/Nslc, N = 66,
weight 1076 * 5.0 g) were purchased from Japan
SLC, Inc, Hamamatsu, Shizuoka, Japan. Both the
feed and water (ultrapure water) were provided
ad libitum. The rats were reared individually, and
feces and urine were separated from the rearing
environment using a bed net in the cage. The
animal room was maintained at a temperature of
23-25C and humidity of 45-64%, and the light/
dark cycle was adjusted with a 12-h timer.

Experimental Groups

Three groups were established: Zn-deficient (D),
Zn-deficient recovery (R), and control (C) groups.
The standard diet was AIN-93G (D10012G,
Research Diet Inc, New Brunswick, USA) and Zn-
deficient diet was AIN-93G without Zn (D19488,
Research Diet Inc,).[23] After one week of
acclimation and rearing, the animals were divided
into groups C, D, and R, with 30, 24, and 12
animals, respectively. The rats in group C were
maintained on a standard diet for 12 weeks. Body
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weight and whole-blood Zn levels were measured
weekly. Six animals in each group were dissected
every four weeks for serum Zn measurement and
observation of tissue changes.

Examinations

In this experiment, Zn levels in whole blood and
serum were measured in rats of groups C, D, and
R. Tissue Zn concentrations were measured in the
liver, heart, and thigh muscles. Histopathological
examination of the duodenum was also performed
to observe the histopathological changes caused
by Zn deficiency and re-administration.

Zn Concentration in Whole Blood

In groups C, D, and R, the rats were examined
every week from the beginning of the experiment
to 12 weeks. Ten microliters of blood was
collected from the tail veins of rats under light
anesthesia. Blood samples were immediately
diluted 100-fold with ultrapure water. The amount
of Zn in whole blood was measured within 6 h of
blood collection using an atomic absorption
spectrophotometer (AA240; Agilent, Australia). A
flameless atomic absorption spectrophotometer
using the furnace method was used. The time and
temperature settings for the flameless atomizer
are listed in Table 1.

Table 1: Settings for the graphite furnace
atomizer equipped with atomic absorption
spectrophotometer to determine zinc concentration
in diluted whole blood.

step |temperature(C) time(sec) argon gas flow(L/min)
1 85 10 0.3
2 95 30 0.3
3 100 10 0.3
4 120 5 0.3
5 300 4 0.3
6 350 8 0.3
7 400 5 0.3
8 500 2 0.3
9 2000 0.8 0.3
10 2000 2 0.3
11 2200 2 0.3

Zn Concentration in Serum

Groups C and D were evaluated after collecting
blood samples from six rats in each group 4, 8, 10,
and 12 weeks after the start of the experiment.
Blood samples were collected from the posterior
vena cava of anesthetized rats after the
intraperitoneal administration of pentobarbital.
For group R, blood samples were collected in the
same manner 2 and 4 weeks after the re-
administration of the standard diet. The collected
whole blood was allowed to stand for 30 min and
centrifuged to obtain the serum. The amount of
Zn in the serum was measured in the same
manner as that in the whole blood.

Zn Concentration in Tissues

Liver, heart, and thigh muscles were removed
after the blood was drawn from the posterior vena
cava. The samples were stored at -70 C until
further analysis. Approximately 100 mg tissue was
cut out from the removed liver, heart, and femoral
muscles. The excised tissue and nitric acid were
placed in a teflon vessel. The vessels were heated
on a graphite hot plate and subjected to wet
degradation. These pretreatments were
performed using the Actac's acid circulation
decomposition system Ecopre system (OD-SYS24).
The amount of Zn in the tissue was measured in
the same manner as that in the whole blood. [24,
25, 26, 27, 28]

Histological Changes

After collecting blood from the posterior vena
cava, the duodenum was removed, fixed in 10%
neutralized formalin, paraffin-embedded, and
pathological specimens were prepared using
standard methods. Histopathological changes in
the duodenum were then observed via
hematoxylin and eosin staining.

Statistical Processing

All data were analyzed using the statistical
software SPSS Statistics Ver. 25 and are
presented as the mean * standard deviation (SD).
p < 0.05 was considered to be significantly
different. Student's t-test and one-way analysis of
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variance were used to compare the significant
differences among groups.

Ethics

This study was approved by the Research Ethics
Committee of the Sagami Women's University
Experimental Animal Committee (April 20, 2017;
approval no. 2017-02).
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Results

Change in Body Weight

Body weights of mice in groups C, D, and R
during the experimental period are shown in Fig.
1. Groups D and R, which received Zn-deficient
diet, did not gain weight until the 8th week, while
group R, which switched to the standard diet,
gained weight significantly, but did not reach that
of group C even on the 12th week.
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Figure 1: Body weight (mean and S.D. grams) change of female F344 rats fed zinc deficient diet (D:

deficient diet group, R: recovery group, C: control)

Macroscopic Findings

No abnormal findings were observed in group C
during the experimental period. Group D showed
inflammation at the corners of the mouth, nose,
and periorbital area in 3 of the 36 (8.3%) cases in
the third week of the experiment. One of the 36
(2.8%) cases showed alopecia on the back in the
fourth week. On week 8, more than half of the
subjects in D group showed symptoms, such as
dermatitis and alopecia, which are characteristic
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of Zn deficiency. In group R, inflammation at the
corners of the mouth and around the eyelids,
alopecia, and dermatitis at the ends of the
extremities improved from that on the second
week after reintroduction of the standard diet. In
group R, inflammation at the corners of the mouth
and around the eyelids, alopecia, and dermatitis at
the ends of the limbs improved from that on the
second week after reintroduction of the standard
diet.
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Microscopic Findings

In group D, 8 weeks after the start of the
experiment, the border of the crypts was
indistinct in B compared to group C: A. Immature
cells increased in the crypts, and thickening of the
crypts was observed. Group R showed a clear
increase in the number of immature cells in the
crypts and thickening of the crypts compared to
group D, which continued to receive a Zn-deficient
diet.
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Zn Concentration in Whole Blood

Zn concentration in the tail vein blood was 3704 +
4.9 ug/dL (average = SD) in group C. Zn
concentration in group D showed a significant
decrease to 326.2 ug/dL in the first week and
continued to decrease to 301.1 ug/dL in the sixth
week, after which it increased slightly but
remained lower than group C (347.1 = 86 ng/dL).
Group R had the same level as group C at 8
weeks, and higher levels at 10 and 12 weeks (379.0
+ 15.3 ug/dL), although the difference was not
significant (Fig. 2).
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Figure 2: Zinc concentration of micro suction blood (mean and S.D. ng/dL) in rats fed zinc deficient diet

(D: deficient diet group, R: recovery group, C: control)

Zn Concentration in Serum

Serum Zn concentrations in groups C, D, and R are
shown in Fig. 3. The mean serum Zn
concentrations in group C ranged from 1009 ug/dL
at the beginning of the experiment to 94.8, 94.3,
102.2, and 114.2 ug/dL. Serum Zn concentrations

in group D remained significantly lower than
those in group C at 21.1, 25.1, 26.7, and 24.2 ug/dL
after four weeks of the experiment. Serum Zn
concentration in group R was not significantly
different from that of group C at 10 weeks, two
weeks after returning to the standard diet.
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Figure 3: Serum zinc concentration (mean and S.D. pg/dL) of rats fed zinc deficient diet (D: deficient diet

group, R: recovery group, C: control)

Zn Concentration in Blood Cells

Based on the tail vein and serum Zn
concentrations, blood cell Zn concentration was
calculated based on the hematocrit values. As
shown in Fig. 4, throughout the 4-12-week
experimental period, blood Zn concentrations in
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the control, Zn-deficient, and recovery groups
ranged from 609-691 ng/dL, with no statistically
significant differences between the groups. Blood
Zn concentrations in the deficient and recovery
groups tended to be higher than those in the
control group.
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Figure 4: Estimated zinc concentration (mean ng/dL) in blood cell fraction of rats fed zinc deficient diet

(D: deficient diet group, R: recovery group, C: control)
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Zn Concentration in Tissues muscles are shown in Fig. 56 and 7, expressed as
Zn concentrations in the liver, heart, and thigh micrograms of Zn per gram of fresh tissue.
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Figure 5: Zinc concentration (mean and S.D. ug/g tissue) in the liver of rats fed zinc deficient diet (D:
deficient diet group, R: recovery group, C: control)
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Figure 6: Zinc concentration (mean and S.D. pg/g tissue) in the cardiac muscle of rats fed zinc deficient
diet (D: deficient diet group, R: recovery group, C: control)
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Figure 7: Zinc concentration (mean and S.D. ug/g tissue) in femoral muscle of rats fed zinc deficient diet

(D: deficient diet group, R: recovery group, C: control)

Zn Concentration in Liver

Liver tissue Zn concentration in group C
fluctuated slightly throughout the experimental
period, averaging 10.5 ug/g. Liver tissue Zn
concentration in group D decreased to 9.1 ug/g
after four weeks and to 8.6 ug/g after eight
weeks, but reached 104 ng/g, the same level as
group C, after 10 weeks, and decreased to 88 ng/
g after 12 weeks. Liver tissue Zn concentration in
R group was 11.3 ng/g, which was higher than
that in group C at 10 weeks, two weeks after the
change to standard diet, and at 12 weeks, the level
was 10.5 ng/g, the same as that in group C.

Zn Concentration in Heart Tissue

Heart tissue Zn concentrations in group C
fluctuated slightly and averaged 14.5 ug/g, while
those in group D also changed little, but were
lower than those in group C, dropping to 12.0 ug/
g after 12 weeks. Heart tissue Zn concentrations
in group R were significantly higher than those in
group C at 181 pg/g after 10 weeks and 16.0 pg/
g after 12 weeks.

Zn Concentration in Thigh Muscle
Group C had an average thigh muscle Zn
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concentration of 124 ug/g, while Group D showed
a significant decrease to 8.6 ug/g at 12 weeks.
Thigh muscle Zn concentration in group R was
higher than that in group C at 10 weeks, but at
the same level as that in group C at 12 weeks.
Group D had an average thigh muscle Zn
concentration of 124 ng/g at 12 weeks, which
significantly decreased to 8.6 ug/g at 12 weeks.

PART 2: Distribution of Zn in the Fingertip
Blood Samples of Healthy Young Women

To evaluate the efficacy of a method for measuring
Zn concentrations using fingertip blood samples
that is less invasive than venous blood sampling
and has the potential for self-monitoring, fingertip
blood and serum Zn concentrations were measured
in young women with no health problems.

Methods

Ethics

This study was performed in line with the
principles of the Declaration of Helsinki by the
approval of the Ethics Committee for Human
Research at Sagami Women’s University (August
20, 2018; approval no. 18079).
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Subjects

The content of the survey was explained to
students at a Woman's University in Kanagawa
Prefecture, and consent for participation was
obtained from 78 of them. The consent form
includes the following items: significance and
purpose of the research, methods of the research,
duration of the research, researchers who will
conduct the research, voluntary nature of
participation in the research (participation in the
research is voluntary and no disadvantage will be
suffered by not participating, and that consent can
be withdrawn at any time and no disadvantage
will be suffered by withdrawing consent), handling
of personal information ( (maximum consideration
shall be given to the protection of the privacy of
the subjects), and the handling after the
completion of the research and the publication of
the research results, with a check box for each
item of contact information for inquiries,
complaints, etc., and a signature box for consent.
Finally, examinations and surveys were conducted
with 73 participants (five subjects could not
participate the study in September 2018 due to
physical condition caused by menstrual cycle, etc.).

Blood Sampling for Zn determination

Blood samples for this study were collected in the
morning, because previous studies have shown
that serum Zn concentrations tend to fluctuate
during the day and decrease in the afternoon.[24]
Four participants were unable to have their
venous blood drawn. These were due to
difficulties in identifying blood vessels and poor

physical condition.

Measurement of Fingertip Blood Zn Concentration
Fingers used for blood collection were disinfected
with alcohol, punctured with a puncture needle
for blood collection (Medisafe needle/Thermo
Corporation), and 10 u« L blood was collected using
a micropipette. The collected blood was added to
990 wuL ultrapure water in a microtube and
gently mixed. Samples were frozen at -25 C until
further analysis. Thawed blood samples were
analyzed with high sensitivity via furnace

atomization using an AA240 atomic absorption
spectrophotometer (Agilent, Australia).

Method for the Determination of Serum Zn
Concentration

Forearm was disinfected with alcohol, 5 mL of
venous blood was collected from the median
cutaneous vein of the forearm, centrifuged, and 1
mL of serum was transferred to acid-washed
tubes and stored at -25 C until analysis. Serum
7Zn levels were measured using atomic absorption
spectrophotometry in 69 subjects, excluding those
whose blood could not be drawn.

Questionnaire

Participants were asked to fill out the following
survey: age, height, weight, health status, change
in physical condition in two weeks, lifestyle
(frequency of exercise, frequency of alcohol
consumption, stress, sleeping hours and time, and
method of commuting to school), eating habits
(breakfast, lunch, and dinner consumption,
frequency of eating out, and frequency of eating
in), diet status, use of supplements, and use of
Easy Fiber, Five Mini, All Bran, Cream Brown
Rice Bran (dietary fiber enriched food, cereal).

Results

As shown in Fig. 8, fingertip blood Zn
concentrations averaged 793.5 nug/dL (95%
confidence interval [C.I.]: 717.0-870.1 ug/dL).
Serum Zn concentrations averaged 76.4 ug/dL
(95% C.I.: 78.7-74.2 ug/dL), as shown in Fig. 9.
There was no correlation between the serum and
whole blood Zn concentrations, as shown in Fig.
10.

Mean Zn concentration in blood components was
1271.6 pg/dL (95% C.I: 1144.0-1399.1 ug/dL) when
calculated with reference to hematocrit values,
but as shown in Fig. 11, there were large
individual differences in the Zn concentration in
blood components regardless of the serum Zn
concentration.

Body mass index (BMI) of the subjects ranged
from 15.8-28.3, with a mean of 205 = 2.3 (95% C.I.:
19.9-21.1), and the relationship among serum,
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whole blood, and calculated blood cell Zn Zn concentrations between the BMI quartiles
concentrations is shown in Fig. 12. 13 and 14 were small, Zn concentration tended to be higher
respectively. Although the differences in serum in higher BMI quartiles.
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Figure 8: Distribution of zinc concentartion in fingertip blood of young Japanese women
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Figure 9: Distribution of serum zinc concentration in young Japanese women
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Figure 10: Correlation of zinc concentration between serum and whole blood of young Japanese women
(Correlation coefficient R=0.057)
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Figure 12: Serum zinc concentration by body mass index (BMI) quartile (ug/dL)
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Figure 13: Whole blood zinc concentration by body mass index (BMI) quartile (ug/dL)
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Figure 14: Estimated zinc concentration of blood cell fraction by body mass index (BMI) quartile (ug/dL)

Discussion

Zn is an essential trace element for normal
biological functions, as it is involved in more than
300 enzyme activities and in the structural
maintenance of more than 1000 proteins.[1, 29]
Hunger-related Zn deficiency is one of the most
significant nutritional problems in developing
countries.[20, 30, 31] However, even in developed
countries, due to changes in diet and food, daily
intake of Zn relative to requirements has been
reported to be inadequate, indicating that Zn
deficiency or sub-deficiency states are globally
widespread.[21, 32, 33, 34] The National Health and
Nutrition Examination Survey (2019) reported that
both men and women in their 20s and above did
not reach the recommended amounts set by the
Dietary Reference Intakes for Japanese population,
2020 Edition[12] In a previous study, the authors

examined the impact of dietary information
provision on improving low Zn levels in young
women. [35] That study revealed that
approximately 60% of the subjects were potentially
Zn-deficient before the provision of dietary
information. Therefore, the prevalence of Zn
deficiency in Japan is a concern not only among
the children and elderly, but also among other age
groups, including young people.

Increase in emaciation among young women in
Japan has become a serious issue. As per the
National Health and Nutrition Survey, the
percentage of thin women (BMI: <185 kg/m2)
was 11.8% in 2019. It was particularly high among
women aged 15-29 years (21%).[36] This may be
due to restricted dietary intake for the purpose of
weight loss because of the desire to be thin among
young women, and restricted dietary intake
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without nutritional considerations is suggested to
be associated with Zn deficiency status.[37, 38, 39]

Serum or plasma Zn concentration is a common
diagnostic criterion for Zn deficiency, and the
efficacy of Zn drug administration in treatment is
assessed based on serum or plasma Zn
concentration.[14, 20] In our previous report, we
observed that Zn supplementation increased the
Zn concentration regardless of the pre-
administration of Zn.[43] This phenomenon has
been observed in many other studies, where
external Zn concentrations were reflected in
serum Zn concentrations[40] However, in relation
to clinical Zn deficiency, the sensitivity and
specificity of serum or plasma Zn concentrations
are not high, and the frequency of false-negatives
or -positives is also high.[5, 16, 18]

In this study, we examined the efficacy of
quantifying trace amounts of Zn in whole blood as
an indicator of Zn deficiency, which is not a
common health examination item. To obtain a
trace amount of whole blood, fingertip blood was
used as the sample and a frameless atomic
absorption method was employed, which allowed
the rapid analysis of diluted hemolyzed samples
without any pretreatment. To evaluate the
validity of the analytical method and determine
whether the analytical values reflect the Zn
sufficiency in the body, we conducted animal
experiments and took actual measurements from
a human population.

Severe deficiency may be caused by Zn restriction
in growing rats. Serum Zn concentrations were
markedly reduced, but there was no significant
difference in the tissue Zn concentrations in the
control group. During acute deficiency due to Zn
restriction, serum Zn levels were also markedly
reduced, but liver and intramyocardial Zn
concentrations remained constant, with only a
significant decrease observed in the skeletal
muscle, likely reflecting the reduced weight gain
and efficient utilization of Zn stores in the body.[5,
41] When the blood Zn concentration was
calculated from the serum Zn concentration and
hematocrit value with the Zn concentration in the
tail vein blood as the whole blood Zn

(14)

concentration, there was no decrease in the blood
7Zn concentration in the deficient group as shown
in the Fig. 4, and on the contrary, it was slightly
higher than that in the control group. In an animal
experiment, Zn deficiency was induced by rearing
growing rats on a Zn-deficient diet, followed by Zn
recovery by returning them to a normal diet. In
this experiment, plasma Zn concentrations were
observed to fluctuate quickly, reflecting the Zn
intake, and leukocyte counts were observed to
significantly increase by more than 2-fold three
weeks after the initiation of treatment.[42] The
slight increase in the calculated whole blood Zn
concentration in this study (Fig. 4) may be due to
the increased leukocyte count. Zn concentration in
leukocytes is higher than that in erythrocytes and
could be used as an indicator of Zn deficiency.[5]
However, separation of blood cell components
requires at least 10 mL of blood and complex
laboratory manipulations.

Serum Zn concentrations in the young female
subjects of this study were similar to those
reported in previous literature, and we considered
them to be included in the category of healthy
young Japanese women.[12] Our previous study
was on a similar population, and 61% of the
subjects in that study and 59% of the subjects in
the present study were determined to be Zn-
deficient with less than 80 ug/dL Zn, the
threshold level proposed by the Japan Society for
Biomedical Research on Trace Elements.
Fingertip blood Zn concentration in this study
was determined to be 7935 ug/dL (95% C.I.: 717.0-
870.1 ng/dL), slightly higher than the reported
venous blood Zn concentration.[43, 44] Peripheral
blood is reported to have higher erythrocyte and
white blood cell counts than venous blood, which
may be the cause of higher fingertip blood Zn
concentrations.[45] Fingertip blood Zn
concentration did not correlate with the serum Zn
concentration. Blood cellular component Zn
concentration calculated from the fingertip blood
and serum Zn concentrations with reference to
the hematocrit value was found to be 1271.6 ug/dL
(95% C.I.: 1144.0-1399.1 ug/dL), while the serum
7Zn concentration by blood cell Zn concentration
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ranged from 71.3-79.1 ug/dL. Individual
differences in the fingertip blood Zn concentration
were considered to be determined by the blood
cell Zn concentrations.

Regarding the relationship between Zn
concentration and body size, a meta-analysis of the
relationship between obesity/overweight and
serum Zn concentrations reported significantly
lower serum Zn concentrations in obese
individuals in both children and adults.[46]
However, the present study found no relationship
between serum Zn levels and BMI. This may be
because only a small number of subjects in this
study were obese and many tended to be thin.
However, whole blood and blood cell Zn
concentrations tended to be higher in those at
high BMI quartiles.

In Zn deficiency experiments in rats, serum Zn
concentrations decreased rapidly, but there was
no significant difference in the converted blood Zn
concentrations in the deficient group or in the
group recovering after deficiency compared to the
control group; rather, they tended to be higher
during deficiency. When blood cell Zn
concentrations were similarly determined in
humans, there was no relationship with serum Zn
concentrations, but large individual differences.
Analysis of Zn concentrations in isolated blood cell
components revealed that lymphocytes and
leukocytes contained 4-7 times more intracellular
Zn than erythrocytes. Platelets contain
approximately half the number of erythrocytes.[47,
48] Given the normal ratio of blood cell
components, low leukocyte and lymphocyte counts
are largely due to the Zn content in red blood
cells. However, it is difficult to capture the
changes in erythrocyte Zn concentration because
of its slow turnover, and some reports suggest
that neutrophil Zn concentration or Zn metabolic
capacity is more appropriate for determining the
Zn sufficiency status in the body.[49]

Flameless atomic absorption techniques have long
been used for Zn analysis of blood materials, and
their application to Zn analysis of blood samples
has been studied for many years.[4, 36, 50]
Although inductively coupled plasma (ICP) and

ICP-mass spectrometry (MS) have also been
applied to the determination of Zn in biological
samples as a result of recent advances, the ability
to analyze trace samples without any
pretreatment, such as acid digestion of organic
components, is unique to flameless atomic
absorption spectrometry. However, the ability to
analyze trace samples without any pretreatment
is unique to flameless atomic absorption
spectrometry. For fingertip blood, it is suitable to
mix the blood with ultrapure water after collection
and analyze it on the same day; however, there is
no degradation even if it is refrigerated and
analyzed within a few days. Refrigeration is
undesirable because of the presence of denatured
proteins, but the addition of a surfactant or other
agent may facilitate stable analysis. With the
analysis protocol used in this study, the analysis of
50 samples can be completed in less than 2 h, and
due to the simplicity of the blood collection
method, it can be used for mass screening and
public health studies. Another advantage is that
the price of the instrument is approximately half
to one-fifth of that of ICP and ICP-MS for
frameless atomic absorption spectrometry.

One limitation of this study is that the subjects
analyzed were young women with no health
problems, so data are not available for men, other
age groups, or individuals with symptoms specific
to Zn deficiency, such as taste disorders. To
establish a screening level for identifying patients
with Zn deficiency, it is necessary to examine the
relationship between the amount of Zn in the
body exchangeable zinc pool and fingertip blood.
In the present study, 2 of the 60 subjects had
markedly elevated levels of Zn, but they were in
good health, and their Zn intake did not differ
from that of the general population. Red blood cell,
white blood cell, and lymphocyte counts were not
measured. The differences in Zn concentrations
among these blood cells did not allow us to
examine how the composition of blood cells
reflected these differences.

In conclusion, the method of measuring the Zn
concentration in whole blood using trace amounts
of fingertip blood is widely feasible as a simple

(15)



Sagami Women’s University

method of evaluation. Biochemical and clinical

analyses of the causes of these significant

individual differences in Zn concentrations in
blood cells are needed. We believe that this
method shows high public health value and can be

used as a new screening method for assessing Zn

sufficiency after further validation.
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