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Fig.1 Typical X-ray spectra of a lymph node sample taken from rat. In this figure, the spectra for the two targets
prepared for the standard-free method and the powdered-internal-standard method are compared.
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Fig. 2 Procedure of the standard free method for a lymph node sample.

181



NMCCHE [RIFI FHAFZE AR SR SC£E 15 (2008)

I, EREAEE O B & 7p D X f@ﬂﬂi%ﬂ&éiﬁvbf\'hnﬂﬁk U C e 70 SIS i &
iz, _(Dnﬁtﬁ T, FERROTEER O B ZFEHI kL CHMEICRR ET D M ERH D, sEIRNIC
KERE—IBHEETDE, TOIEREED 5D Gaussian >INl aE 7 L TLE
DT FED XD R BEBITRET 72 T LR B, FI R R AT RERE—I BHD |
%@@Mmﬁﬁﬁw’#5#67wx%ﬁf&fﬂi&6f*é% TR F— I ERZ Y
— 7 BFET B, A. O ta11 function <° escape peak DA% 521 F 2 fEIEk © [FIRE L 72 13 4AU1378 &
AN e Hiﬂﬁ%ﬁﬂﬁuitﬂ . ZED K, Fe WMFEET H20, THEBE L% Olifidgaitkl
e ST @Wﬁﬁﬁﬁbﬁﬁém&fMi&%@w PLEOBLEN G | gl LTI 4.3-5.7
keV OFEIAEIRS L7z, K312, B b, T hOEL RGO AT MLvE | ZOT R/ F—
FEBOERE X RN E THASE L, BERTORT, B =27 272 LWzt X SROTEIRIE Z O fEE
WTIZIEF L TBY, ZofikomEk X FRIEZ VIV, FEx Offastek _,\@mﬂfﬁfﬁ
LEEMSIAEE CH D 2 ERHIRF SN D, IS EsR & U CiE, M - JRECEE& [AER, K 23 BIEN 7z,
HEIE, KT TOEaEEINICZE L CRRE TFEEL (3000-30000 ppm) ., F 7lE#sN TR
X IR A R S TEINCHET 272D Th 5,

100000

3 3
S N f&; - = Rat Lymph Node
g 9 Ll —— Rat Spleen
| X @ R s .
£, ¥ ﬁ ° Human Small Intestine
10000 . 3 s Ay -
g T = Human Colon
3 -
g . N a Human Thyloid Tumor
_ 5 N + Human Lymph Node
2 1000
= 3
g 3
O [id
c O
3 100 ®
3 28-5.71 keV
10 y “ R: .H : ?'!
y r iu
1 l\||||f|\|u||llhnm
0 50 100 150 200 250 300 350

Channel Number

Fig. 3 Spectra for six kinds of organs normalized by the yields of continuous X-rays in the region 4.3-5.7 keV.
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Fig. 4 Comparisons of the results of potassium concentration for seven spleen and three lymph node samples obtained
by the standard-free method and by the powdered-internal-standard method, where mean values for six targets
for the standard-free method and their standard deviations, and those for four targets for the
powdered-standard-free method are shown.

183



NMCCE:[RIF| A JE Rl SR R SC A 15 (2008)

10000

—o— Chemical ashing

-o- Standard-free

)

1000

Concentration in ppm

100

Spleen-1 Spleen-2 Spleen-3 Spleen-4 Spleen-5 Spleen-6 Spleen-7 Spleen-8 Lymph-1 Lymph-2 Lymph-3
Samples

Fig. 5 Comparisons of iron concentration in eight spleen and three lymph node samples obtained by the standard-free
method and by the chemical-ashing method combined with the internal-standard method, where mean values
for three targets for the chemical-ashing method and their standard deviations, and the experimental errors for
the results obtained by the standard-free method are shown in the figure.
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Fig. 6 Comparisons of five spectra of iodine-rich samples (thyroid, lymph node, esophagus and stomach) normalized
by the yields of continuous X-rays in the region indicated in the figure.
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Fig. 7 Potassium concentration for an iodine-rich normal thyroid and a thyroid carcinoma,
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Fig. 8 Pottasium concentration in a human cervical lymph node, where results for six targets obtained by the present
method are compared with the mean value of potassium concentration and their standard deviation for six
targets obtained by the powdered-internal-standard method (left side).
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Fig. 9 Potassium concentration for five kinds of seven organs taken from real patients by biopsy or surgical operation.
In this figure, results obtained by the present methods are compared with those obtained by the
internal-standard method combined with the chemical-ashing method.
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Fig.10 Spectrum of a lymph node sample taken from actual patient who was under the treatment with anticancer
agent (Cisplatin). Yields of Pt-La. and L3 X-rays are accurately obtained by peak separation.
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Fig.11 Concentration of 24 elements in the lymph node taken from a patient by biopsy.
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Abstract

A standard-free method for small lymph node and spleen samples taken from rats, and
lymph node, esophagus, colon etc. taken from real patients has been developed in order to take
measure to meet increasing demands for quantitative analyses of small amount of organs. It
becomes possible to quantitatively analyze organ samples of less than 1 mg collected from small
experimental animals and also from patients by biopsy, and accuracy and sensitivity of the
method were examined by comparing the results with those obtained by a powdered-internal-
standard method and a chemical-ashing method. It is found that the method is quite effective for
estimating therapeutic effect of CDDP (Cisplatin) since it allows us to quantitatively evaluate
uptake of CDDP into organs by analyzing small quantity of samples taken from actual patients
by biopsy. It is expected that the method will become a powerful tool for studies not only in
fundamental and clinical medicines but also on practical diagnosis and treatment.

Keywords : PIXE, Organ, Standard-free, Quantitative analysis, Small quantity, Clinical samples,
Experimental animals, Anticancer agent
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