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invention relates to a blood testing nethod for early detection of

di seases. Biochem cal analysis of a body fluid such as blood is currently

i ncreasi ngly conducted for diagnosing various sicknesses in nmany hospitals.
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In the conventional biochemical analysis, the blood
glucose level is measured by isolating plasma from blood
samples taken before and after meals. When the glucose

35 concentration in a plasma sample obtained in an empty



+ - 3 which are netabolites of glucose have been found to be inportant
paraneters for early detection of various di seases. The present invention
has been nade in view of the 5 problens of the conventional blood testing
met hod. I n accordance with the present invention, there is provided a bl ood
test nmethod conprising the steps of:- (@) centrifuging a manmal i an bl ood
sanple into a plasma and bl ood cells; 10 (b) renoving buffy coats fromsaid
bl ood cells to obtain red blood cells containing solutes confined
therewithin; (c) washing said red blood cells with a buffered physi ol ogi cal
saline solution and isolating said washed 15 bl ood cells: (d) m xing said
washed red blood cells with a buffered physiol ogical saline solution to
obtain a sﬂsmeaﬂedth@quhd gtehteenthbhugnngmgaﬂd smsmaededmd(nnd to renove
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pl asma mhpéﬁS@ép@§|g éhood sample is measured for components such

as glucose and lactic acid, the measured values merely

25 represent those of the components exuded and released from
the blood cells into the plasma. It has been found that
in order to detect diabetes and other diseases at their
early stages it is important that components contained in
fed blood cells should be measured. Namely, since red

30 Dblood cells have metabolic functions to decompose glucose
and to precedently control the glucose concentration in
the plasma, it is effective to know the glucose level in
the red blood cells for the early detection of diabetes.
Further, the oxidation-reduction potential in the blood

35 cells and the concentrations of pyruvic and lactic acid



+ 30 the red blood cells are renoved. Step (d) The washed red blood cells are
m xed wth a buffered physiological saline solution to obtain a suspended
liquid. Preferably, the washed red blood cells are m xed with a 35
phosphat e buffered physiol ogical saline solution in an - 5 anount so

t hat the suspended liquid has a hematcsit-value of 40 to 50 % More
preferably, the phosphate buffered physiological saline solution is added
so that 2 m of the suspended liquid has a hematcrit value of 50 % 5

Al ternatively, the washed red blood cells may be m xed with a phosphate
buf f ered physi ol ogi cal saline solution so that the suspended liquid has a
nunber of red blood cells in the range of 4,000, 000/uL (4X106 mcroliter)
to 5,000, BDOLUL aEsXDEs apiceiskist Of) JINCOSSt BiRaS IO eanFicoyed tX0 bgut omat i ¢

bl ood cel kppewhtak barsdktably rusedatrq ot dhen oF Rlagadwel I nunber.
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factor selected from a glucose concentration, a pyruvic

30 acid concentration, a lactic acid concentration and an
oxidation-reduction potential.

The present invention will be described in more

detail below with reference to the accompanying drawing,
in which:

35 FIG. 1 is an example of a working curve for



. 30 obtained fromthe sane bl ood sanple. Wien 2 ml of a suspended liquid
having a hematcrit of 50 %is prepared using a 5 % by wei ght saline
solution in Step (d), the working curve is typically prepared by the nethod
descri bed below. 35 From4 m of the venous bl ood sanple, a serumis - 7
separated by centrifuging the sanplq_ah 3,000 rpmfor 10 m nutes. The

oxi dati on-reduction potential of the séerum (Ax) is neasured with a
potentiometer. The serumis diluted with the sane volune of a 5 % by wei ght
saline 5 solution and the oxidation-reduction potential of the diluted
serum (Ay) is neasured. Separately, the serumis diluted with the sane

vol ume of a phosphate buffered saline solution (PBS) and the
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oxi dation-reduction potentra as nmeasured in Step

(h) i¥ thenffet epatfedncindingl voise bﬁ@oﬁ-gﬁ#§8(xmﬁ of-attlkd efsi @ndp
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The red blood cells obtained in Step (b) are washed
with a buffered physiological saline solution and the
washed blood cells are isolated. Preferably, the red

25 Dblood cells are mixed with a phosphate buffered
physiological saline solution, and the resulting mixture
is centrifuged at a force of 130xg to 200xg for 5 to 10
minutes. As a result of the washing, impurities such as
white blood cells, platelets and plasma which deposit on
30 the red blood cells are removed.
Step (d):

The washed red blood cells are mixed with a buffered
physiological saline solution to obtain a suspended liquid.
Preferably, the washed red blood cells are mixed with a

35 phosphate buffered physiological saline solution in an



+ 181 The follow ng exanples will further illustrate the present invention. 5
Exanple 1 37 patients with type-2 Non-Insulin Dependent D abetes Mellitus
(NIDDM) and 52 healthy persons were each tested for D-glucose concentration
inred blood cells 10 according to the foll ow ng nethod. Venous blood (2

m ) was sanpled (hepalin was used as-am anti coagul ati on agent) and
centrifuged at a force of 150Xg for 5 mnutes into a plasm and bl ood
cells. The blood cells were mxed with 0.2 ml of netrizam de, and the 15

m xture was centrifuged at a force of 1,000xg for 10 mnutes to separate
red blood cells fromthe buffy coats. The red bl ood cells were washed with
a phosphate buffered physiol ogical saline solution, and the resulting

m xt ure wasioc@rnt siof tged dhea shiependsd 150ryid dras arihamascrifhev2uavashed
red bl oodcgellos pueie gl xedokt f-acabagphal %hgugkgegﬂae@ymlf%%%a' sal i ne

solution in an anount suspen
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enpl oyed ts@s@@mhrefal 1t1fa1@lfa1eg%t§§(ral ]'Eh-em-EfStQ:r_SlltSFi)%ild@ dﬂbqw & .obt ald ngd WSSI
centri at _a_f.or 0 utes taobtain.a re ood | ayer.
The re% §g5§rlg§ér %ﬁé Rén WA %&§\ﬁq4?é;99d%q§;%ﬂm%ﬂﬁ Aol uti on and
t he 5 reswulittihng @hmﬁ9het@2bmﬁﬁema§ rpen yretiat Irverd. ] ssatleimperssilurteiaf 8YC for
10 mi nuteg @ ‘El?ﬁtea's%s%e H%F&le’lﬁ_'cﬁﬁd & %‘%ﬂﬁrﬂ%ﬁ%f"@%&%&tédé ugedth at a

force of 1, 750x 0 mnutes to obtain aupernatant containing the

|ntraceII&Pa¢h@oﬁﬁ@@@nP§ ﬁn&@@héﬁ%@&ﬂfrﬁhﬂﬂhemﬂééoéﬂééé 1¢<cel |'s. The

SUDfer nat amt, 0gas orm\@aﬁaw qd <10’ hisrghdeess . Cﬂn@ﬁﬁﬂzbﬁﬁalr@_llyu%lm oyl ochem cal
anal y cose

I
m&%WW%%Wﬁ%wﬁﬁ%%%ﬁngmﬁmm
15 the hi glesr litodbicedd glurbese | evel in the plasm, the higher was the

gl ucose canpg tion in the red blood cells. The patient having 350 ng/dL
of a bl oo g‘g&ﬂcoge | evel in the plasma had 50 ng/dL of a gl ucose

concentration |ﬁhﬁhéuﬁéﬁngﬁgoél@ém@sOqtﬁHﬂﬁg ddsSEP tie 26 heal t hy
i ndi vi dualcentira@ugeld Was rie@iored tah&tu;idleldﬁagmraﬁdwe:obldmﬁ:g{ ucosed l evel in

the plLasnmg, the.hi her s-the e concentration i.n the red bl ood

col | SABTN LR JPuBET nEERRG Se8 hoflE SRoROBrGaA PigsE  evel in the

pl asma ha@enttmg/um@dofataaglfmm@e odoricéntg atd &P 0%y theyr 26 treed ®l ood cel | s.
Fromthe ghoygeiesults, it is evident that there is a correlation between

t he bl ood glucose | evel in the plasma and the glucose concentration in the
red bl oodS 130 Exanple 2 A blood was carried o years old) to (ORP),

| actic 35 concemrheatiednbgebld uagrtaraqcsotdaiaﬁg miGedheriphesedyggreiticon ut for

a dla?gte u}hltus %?E ent 70 dekg&gkpe OX|datHggjﬁﬁguctlon
pot entr al SQei§1E6nEE Si O, ngﬁrﬁﬁ a1 d ard 6ﬁ in B cells in
the sane tempgrature of 25 to 40°C for a period of time sufficient

for the solutes confined in the red blood cells to
penetrate into the hypertonic solution. Preferably, the
red blood layer is mixed with a 5 to 10 % by weight saline

256 solution in a predetermined amount and the resulting
mixture is maintained at a temperature of 35 to 38°C for 7
to 15 minutes. Because of osmotic pressure, the solution
in the blood cells containing glucose, lactic acid,
pyruvic acid and other solutes passes through the cell

30 wall and diffuses into the hypertonic solution. In order
to efficiently and completely recover the intracellular
components while preventing denaturation thereof, it is
necessary that the suspension be maintained at 25-40°C.
Step (g):

35 The suspension obtained in step (f) is centrifuged



manner as described in Exanple 2. Al so neasured were oxidation-reduction
potential (ORP), lactic acid concentration, pyruvic acid concentration and
pHin the plasma in the conventional manner. CPK, nyoglobin, LDH 5 and

al dol ase val ues were al so neasured in the conventional manner. The results
are summarized in Table 3. Table 3 Measurenent 1Measurenent 2In red bl ood
cel | ORP248 nVv221 nVLactic aci dl10.6 ng/dL18.4 ng/dLPyruvic aci d0.68 ng/dL1.2
ng/ dLpH7. 137. 241 n pl asnaORP136 nV121 nWLactic aci dl16.8 ny/dL18. 2

ng/ dLPyruvi ¢ aci d0. 8 ng/dL0. 9 ng/ dLpH7. 397. 44CPK29475 U/ L15854

U LMyogl obi n1700 ng/ nL840 ng/ mLLDH1550 | W L1177 | U LAl dol asel69.2 | U L96. 2
UL 10 Measurenent 1 and Measurenent 2 were performed before and after

m nus i on o oSN ¢h SYRESINAERN fCQU e patn@rithe ridsperse b bpar 15 Before the
M nus i on domiRAHed O tadrptdrentd (dvesas Wredredd ioddecéntgsacel lular ORP is
very high %2 n¥h§'i i cating significant o&%ﬁa&%ﬁn in tPe cellg. For this
reason, t M WY p BEHRESFPR cHAfRIIE T S 1S F ot 25Tk e”h reducti on
of pH (7. 13)5.00Genercald \00 e fact ccRA@ aomihwosscentration in the cell is
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after mnus ion irradiation treatnment o , i
used for measuring the oxidation-reduction potential of

the red blood cells (ORP-RBC). In this case, ORP-RRBC is
determined using a working curve prepared by measuring the
oxidation-reduction potential of the serum (ORP-srm)

30 obtained from the same blood sample. When 2 ml of a
suspended liquid having a hematcrit of 50 % is prepared
using a 5 % by weight saline solution in Step (d), the
working curve is typically prepared by the method
described below.

35 From 4 ml of the venous blood sample, a serum is



-+ 5 patient, respectively. Before the mnus ion irradiation treatnent
(Measurenent 1), the lactic acid concentration in the cell is 17.5 ng/dL
which is slightly higher than that in the blood (15.9) and that of the
normal range (8 to 16 ng/dL). Further, the intracellular ORP is not high 10
(229 mV), indicating oxidation in the cells is not in a high |level.

However, the pHis very low (7.11), indicating that the glycolysis in the
cells does not proceed. After the nirnu% i-on irradiation treatnment, the

| actic acid concentration is high (23.8 ng/dL) and ORP is 15 high (250 nVv),
suggesting that the oxidation in the cells occurs and the netabolismw |
decrease. However, the pHis in a good range, indicating that the
glycolysis in the cells proceeds satisfactory. In fact, the blood glucose
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present invention ca ’de? C ruvic acid and lactic
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pl asma an
in FIG. 1, the values Ax, Bx and Cx in the X-axis are

20 plotted against the values Ay, By and Cy in the Y-axis,
respectively. A curve 1 passing the point A (Ax, Ay),
point B (Bx, By) and the point C (Cx, Cy) represents the
working curve. The coordinates of the points A (Ax, Ay),
B (Bx, By) and C(Cx, Cy) are summarized in Table 1 below.
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(b) renoving buffy coats fromsaid blood cells to obtain red blood cells
containing solutes confined therewithin; (c) washing said red blood cells
with a buffered 10 physi ol ogi cal saline solution and isolating said washed
bl ood cells; (d) mxing said washed red blood cells with a buffered
physi ol ogi cal saline solution to obtain a suspended liquid; 15 (e)
centrifuging said suspended |iquid t-o sembve a supernatant and to obtain a
red blood layer; (f) mxing said red blood |ayer with a hypertonic sol ution
and mai ntaining the resulting suspension at a tenperature of 25 to 40C for
a period of tinme sufficient 20 for the solutes confined in the red bl ood
cells to penetrate into the hypertonic solution; (g) centrifuging the
suspensi on to obtain a supernatant containing the solutes; and (h)
measuring the supernatant for at |e#3sblené 25 factor selected froma

gl ucose concentration, a pyruvic acid concentration, a lactic acid
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7. A

10 the oxidation-reduction potential
a potential of the reference
The

reference electrode potential varies with the temperature

using a potentiometer,
electrode must be added to the measured value.
of the supernatant: Temperature dependency of the
15 potential of the reference electrode PTS~2019C is as shown

in Table 2.



- 18 analyzer.

1-8, wherein step (h) conprises neasuring the supernatant 5 for an
oxi dation-reduction potential using a potentioneter.
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The following examples will further illustrate the
present invention.

Example 1

37 patients with type-2 Non-Insulin Dependent
Diabetes Mellitus (NIDDM) and 52 healthy persons were each
tested for D-glucose concentration in red blood cells
according to the following method.

Venous blood (2 ml) was sampled (hepalin was used as
an anticoagulation agent) and centrifuged at a force of
150xg for 5 minutes into a plasma and blood cells. The
blood cells were mixed with 0.2 ml of metrizamide, and the
mixture was centrifuged at a force of 1,000xg for 10
minutes to separaté red blood cells from the buffy coats.
The red blood cells were washed with a phosphate buffered
physiological saline solution, and the resulting mixture
was centrifuged at a force of 150xg for 5 minutes. The
washed red blood cells were mixed with a phosphate
buffered physiological saline sclution in an amount so
that 2 ml of a suspended liquid having a hematcrit value
of 50 % was obtained. An automatic blood cell counter was
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obtained was centrifuged at a force of 150xg for 5 minutes
to obtain a red blood layer. The red blood layer was then
mixed with a 5 % by weight saline solution and the

5 resulting mixture (2 ml) was maintained at a temperature

of 37°C for 10 minutes to obtain a suspension. The
suspension was centrifuged at a force of 1,750xg for 10
minutes to obtain a supernatant containing the
intracellular components transferred from the red blood

10 cells. The supernatant was measured for its glucose

concentration using a biochemical analyzer.

A blood glucose level in plasma was also measured in
the conventional method.

In the case of the NIDDM patients, it was found that

15 the higher the blood glucose level in the plasma, the

higher was the glucose concentration in the red blood
cells. The patient having 350 mg/dL of a blood glucose
level in the plasma had 50 mg/dL of a glucose
concentration in the red blood cells. In the case of the

20 healthy individuals, too, it was found that the higher the

blood glucose level in the plasma, the higher was the
glucose concentration in the red blood cells. The
individual having 150 mg/dL of a blood glucose level in
the plasma had 10 mg/dL of a glucose concentration in the

25 red blood cells. From the above results, it is evident

that there is a correlation between the blood glucose
level in the plasmé and the glucose concentration in the

red blood cells.

30 Example 2
A blood cell test according to the present invention
was carried out for a diabetes mellitus patient (male, 70
years old) to determine oxidation-reduction potential
(ORP), lactic acid concentration, pyruvic acid
35 concentration and pH in the red blood cells in the same
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"100Z& ()-EAanner as described in Example 2. Also measured were
oxidation-reduction potential (ORP), lactic acid
concentration, pyruvic acid concentration and pH in the
CPK, myoglobin, LDH

5 and aldolase values were also measured in the conventional

plasma in the conventional manner.

manner. The results are summarized in Table 3.

Table 3

Measurement 1 Measurement 2
In red blood cell
ORP 248 mv 221 mv
Lactic acid 10.6 mg/dL 18.4 mg/dL
Pyruvic acid 0.68 mg/dL 1.2 mg/dL
pH 7.13 7.24
In plasma
ORP 136 mv 121 mv
Lactic acid 16.8 mg/dL 18.2 mg/dL
Pyruvic acid 0.8 mg/dL 0.9 mg/dL
pH 7.39 7.44
CPK 29475 U/L 15854 U/L
Myoglobin 1700 ng/mL 840 ng/mL
LDH 1550 IU/L 1177 IU/L
Aldolase 169.2 IU/L 96.2 IU/L

10
Measurement 1 and Measurement 2 were performed
before and after minus ion irradiation treatment of the
patient, respectively.
15 Before the minus ion irradiation treatment

(Measurement 1), the intracellular ORP is very high (248

mV), indicating significant oxidation in the cells. For

this reason, the driving power of Na'/H" channel is reduced
to cause a reduction of pH (7.13). Generally, the lactic
20 acid concentration in the cell is slightly higher than
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that in the blood. In the present case, however, the
lactic acid concentration (10.6 mg/dlL) in the cell is much
lower than that in the blood (16.8 mg/dL). In the red
blood cells, there is no TCA circuit, i.e. only a
glycolysis system exists. Therefore, in the red blood
cells, glucose is decomposed to produce pyruvic acid,
which in turn is converted into lactic acid. Thus, the
fact that the the lactic acid concentration in the cell is
much lower than that in the blood indicates that the
metabolism in the cells is low. Namely, the low pH and
high ORP in the cells indicate an increase of acidity and
oxidation which causes reduction of metabolism. The
CPK, myoglobin, LDH and aldolase values are thus high,
indicative of bad conditions of the patient.

As a result of the minus ion treatment (Measurement
2), the acidity and oxidation in the cells are in normal
values. The lactic acid concentration in the cell is
slightly higher than that in the blood, though the wvalue
per se is greater than the normal value. Although the
CPK, myoglobin, LDH and aldolase values are still higher
than the normal values, they decrease as a result of the
minus ion irradiation treatment, indicating that the
condition of the patient is improved.

Example 3

A blood cell test according to the present invention
was carried out for'a patient (male, 4 years old) to
determine oxidation-reduction potential (ORP), lactic acid
concentration, pyruvic acid concentration and pH in the
red blood cells in the same manner as described in Example
2. Also measured were oxidation-reduction potential (ORP),
lactic acid concentration, pyruvic acid concentration and
pH in the plasma in the conventional manner. The results

are summarized in Table 4.
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Table 4
Measurement 1 Measurement 2
In red blood cell
ORP 229 mv 250 mv
Lactic acid 17.5 mg/dL 23.8 mg/dL
Pyruvic acid 0.61 mg/dL 0.4 mg/dL
pH 7.11 7.28

In plasma

ORP 132 mv 121 mv
Lactic acid 15.9 mg/dL 18.2 mg/dL
Pyruvic acid 0.5 mg/dL 0.6 mg/dL
) pH 7.33 7.37
Blood glucose level 380 mg/dL 309 mg/dL

Measurement 1 and Measurement 2 were performed

before and after minus ion irradiation treatment of the

5 patient, respectively. Before the minus ion irradiation
treatment (Measurement 1), the lactic acid concentration
in the cell is 17.5 mg/dL which is slightly higher than
that in the blood (15.9) and that of the normal range (8
to 16 mg/dL). Further, the intracellular ORP is not high

10 (229 mV), indicating oxidation in the cells is not in a
high level. However, the pH is very low (7.11),
indicating that the glycolysis in the cells does not
proceed. After the minus ion irradiation treatment, the
lactic acid concentration is high (23.8 mg/dL) and ORP is

15 high (250 mV), suggesting that the oxidation in the cells
occurs and the metabolism will decrease. However, the pH
is in a good range, indicating that the glycolysis in the
cells proceeds satisfactory. In fact, the blood glucose
level is improved.

20 From the data of concentrations of organic acids
(pyruvic acid and lactic acid), ORP and pH in the red
blood cells and in the plasma, possibility of onset and
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s and in the plasma do not fall in standard range, or

10 the balance between the ORP in the red blood cells and
that in the plasma is not normal;
(3) Third stage: pH values in the red blood cells and in
the plasma do not fall in standard range, or the balance
between the pH value in the red blood cells and that in
15 the plasma is not normal.
Table 5 shows standard values.

Table 5
Reference wvalue

In red blood cell

ORP 235 mV or less
Lactic acid 8-16 mg/dL
Pyruvic acid 0.5~-1.2 mg/dL
pH 7.24-7.30
In plasma

ORP 130 mV or less
Lactic acid . 6-14 mg/dL
Pyruvic acid 0.3-0.9 mg/dL
pH 7.36-7.42
CPK 35-200 U/L
Myoglobin 60 ng/mL
LDH 106-211 IU/L
Aldolase 0-6 IU/L

20
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5 occurred in plasma. Further, the blood test method can
precisely diagnose various diseases such as diabetes,
cardiac insufficiency, renal insufficiency and chronic

respiratory disease, at early stages thereof.

10
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WHAT IS CLAIMED IS:

1. A blood test method comprising the steps of:
(a) centrifuging a mammalian blood sample into a
5 plasma and blood cells;

(b) removing buffy coats from said blood cells to
obtain red blood cells containing solutes confined
therewithin;

(c) washing said red blood cells with a buffered

10 physiological saline solution and isclating said washed
blood cells;

(d) mixing said washed red blood cells with a
buffered physiological saline solution to obtain a
suspended liquid;

15 (e) centrifuging said suspended liquid to remove a
supernatant and to obtain a red blood layer;

(f) mixing said red blood layer with a hypertonic
solution and maintaining the resulting suspension at a
temperature of 25 to 40°C for a period of time sufficient

20 for the solutes confined in the red blood cells to
penetrate into the hypertonic solution;

(g) centrifuging the suspension to obtain a
supernatant containing the solutes; and

(h) measuring the supernatant for at least one

25 factor selected from a glucose concentration, a pyruvic
acid concentration, a lactic acid concentration and an
oxidation-reduction potential.

2. A blood test method as claimed in claim 1, wherein
30 step (a) comprises centrifuging the venous blood sample at
a force of 130xg to 200xg for 5 to 10 minutes.

3. A blood test method as claimed in claim 1 or 2,
wherein step (b) comprises mixing the blood cells with a
35 sedimentation agent, and centrifuging the resulting
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force of 130xg to 200xg for 5 to 10 minutes.

5. A blood test method as claimed in any preceding
10 claim, wherein step (d) comprises mixing said washed red
blood cells with a phosphate buffered physiological saline
solution in an amount so that the suspended liquid has a
hematcrit value of 40 to 50 %.

15 6. A blood test method as claimed in any preceding
claim, wherein step (e) comprises centrifuging the
suspended liquid at a force of 130xg to 200xg for 5 to 10
minutes, and removing the supernatant.

20 7. A blood test method as claimed in any preceding
claim, wherein step (f) comprises mixing the red blood
layer with a 5 to 10 % by weight saline solution and
maintaining the resulting mixture at a temperature of 35
to 38°C for 7 to 15 minutes.

25
8. A blood test method as claimed in any preceding
claim, wherein step (g) comprises centrifuging the
suspension at a force of 1,500xg to 2,000xg for 7 to 12
minutes.
30

9. A blood test method as claimed in any preceding
claim, wherein step (h) comprises measuring the
supernatant for at least one factor selected from a
glucose concentration, a pyruvic acid concentration and a

35 lactic acid concentration using an automatic biochemical
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5 for an oxidation-reduction potential using a potentiometer.



