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In conventional absorption spectrophotometry, instru-
mental selectivity has been improved by the introduction of
derivative techniques. Derivative spectrophotometry has
gained increasing importance in the past few years and is
now in vigorous development. Interest in these techniques
has been sufficient so that there are now several available
absorption and fluorescence spectrophotometers which
operate in the derivative mode, just like Hitachi Model 330
UV-Visible-NIR Spectrophotometers.

In order to advance cytospectrometry of cell nuclei, an
apparatus for the simultaneous determination of the DNA
concentration distribution, microscopic derivative spectra
and micrographs was developed.

We applied the derivative mode of Hitachi Model 650-60
Fluorescence Spectrophotometer to microscopic specimens
in identitying the cancer cells from normal cells, and it has
been found that there are some unigue advantages to be
gained by such an application. For example, the noise
characteristics of derivative measurement are such that it is
possible to obtain high-quality derivative spectra of cell
nuclei over a wide DNA concentration range, using a
derivative spectrophotometer, a simple diaphragm, and a
large research microscope,

As shown in Figure 1 the instrumental equipment
consists of (1} Hitachi Model 650-60 Fluorescence Spectro-
photometer, {2} Large Research Microscope, (3) Variable
Diaphragm, (4) Hitachi 057 X-Y Recorder, (5} Data Proces-
sor for the 1st through 4th derivative spectra. Microscopic
derivative spectrophotometry is practical after improving
S/N by the computing averaging transient (hereafter called
CAT). CAT represents one of the data computing tech-
niques performed by the aid of a computer, and records
data averaged through integration. Another function of

# Hebel Medical College, Shifiozhuang, The People's Republic of Ching

EUUT SO S,

Fig, 1 Microscopic derivative spectrophotometer with large research
microscope, microprocessor, variable diaphragm and X-Y recorder,

CAT is that the spectra recorded once are stored in the
memory, and then traced later,

In the present investigations, 80 normal rat liver cells
and 80 cancer cells of rat hepatocellular carcinoma induced
by chemical carcinogen diethyl nitrosamine were studied.
All the normal cells and cancer cells taken from impression
preparations were prepared by touching fresh liver sections
to glass slides, fixing in 95% ethyl alcohol and ether in
equal parts for a minimum period of one hour, and staining
with hematoxylin and eosin (H & E). After identification of
cells by their morphological characteristics, cells which
were not overlapped nor clustered were selected for DNA
measurement with the Feulgen reaction, in order to prevent
the appearance of false positive signal resulting from
aggregates of cells, leucocytes, mucus, debris, and dust. The
coverslips were removed in xylol and the preparations were
dehydrated in descending series of ethanol and water. Acid
hydrolysis was carried out in IN HC1 bath for 10 minutes
at 60°C. The slides then were stained with Schiff’s reagent
for 20 minutes. After dehydration with ethanol and passage
through xylol the coverslips were mounted. All measure-
ments were performed with the microscopic derivative
spectrophotometer. 1t can then make measurements of
relative DNA concentrations (Feulgen positive material)
and can record the microscopic derivative spectra of several
selected areas in a nucleus. Relative DNA concentration
was given in arbitrary units (A.U.). The selected area of the
specimen measured was 3.14um?. The resolution (or
separation power) of the microscopic derivative spectro-
photometer was lum (photo-multiplication X 900). We

@ HITACHI 7



(2024 THE

HITACH! SCENTIFIC INSTRUMENT NEWS

‘81 VOL.24 NO2

were able to visually observe the
machine selected areas in cell nuclei
under the microscope.

Fig. 2 shows the Ist microscopic
derivative spectrum of a microscopic
slide, resin, and cover glass,

Fig. 2 The 1st microscopic derivative spec-
trum of a microscopic slide, resin,
and cover glass.

wavelength range 540-640 nm
A A 5 nm
spectral bandpass 20 nm
wavelength scan speed 200 nm/min
recorder range 50.1
H-axis X1
Y-axis X 2

Fig. 3A Actual photomicrograph of normail

Fig. 3B

Fig. 3C

fiver cell nucleus {rat} showing the
detail of the nucleus.

Feuigen staining

magnification X 3300

Actual photomicrograph of B se-
lected areas of the same nucleus.
Feulgen staining

magnification X 3300

The 1st microscopic derivative spec-
tra of a normal liver cell nucleus
(rat}.

wavelength range 540-640 nm
&R 5 nm
spectral bandpass 20 nm
wavelength scan speed 200 nm/min
recorder ranga 60.1
XK-axis x 1
Y-axis x 2

@ HITACHI

Fig. 4A sctual photomicrograph of a he-
patic cancer cell nucleus {(hepatocel-
lular carcinoma, induced in experi-
mental rat by chemical carcinogen
diethyl nitrosamine).

Feulgen staining
magnification X3300

Fig. 48 Actual photomicrograph of 7 se-
igcted areas in the same nucleus.
Feulgen staining
magnification X 3300

Fig. 4C The 15t microscopic derivative spec-
tra of a hepatic cancer cell nucieus,

wavelength range 540-640 nm
SN g nm
spectral bandpass 20 nm
wavelength scan speed 200 nm/min
recorder range 50.1
X-axis X1
Yeaxis X2
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Another dramatic example of what
this instrument can accomplish is
illustrated as in the following.

The mean value of nuclear DNA
concentration in 80 normal liver cells
(rat) was 891£1.38 (A.U.) and in 80
cancer cells was 15.31%+3.40 (AU
The results of measurements by our
method indicated that the mean values
of DNA concentration in normal liver
significantly  different
{(p<C0.01) from the cancer cells. It
seems that microscopic
spectrophotometry
in cancer cytochemical diagnosis,

Changes in DNA content are a
common feature of established tumor
cells, but studies on DNA changes in
neoplasia have been hampered by the
lack of a simple method for accurate
measurement of DNA in transformed
cells in the early stages of the process,
DNA content can be measured bio-
chemically or by fluorimetry in
established fumors, but early
transformation events affect only a
small number of cells in a mass popu-
lation, an accurate method for measur-
ing DNA content in single cells in situ

cells  were
derivative

may bhe useful

is required. We have therefore devel-
oped a simple, accurate method for
this purpose using microscopic deriva-
tive spectrophotometfry and the spe-
cific DNA Feulgen nuclear reaction.
Construction of the microscopic
derivative spectrum measuring device
capable of detecting cancer cell was
reported to determine DNA concen-
tration distributions
spectra of Feulgen-stained cells. In
general, microscopic spectrophoto-
metry allows the detection of tissue
change in the picogram
(10°"%g) range with a reliable accuracy
of 2%. 1t is felt that the application of
derivative in quantitative analytical
cytology will provide a much needed
increase in selectivity to an already
highly sensitive analytical technique.
Derivative techniques can be applied
to quantitative cytological problems,
especially for the analysis of mixtures
of compounds whose spectra overlap

and derivative

chemical

Fig. BA Actua! photomicrograph of a nor-

Fig,. 88

Fig. 5C

mal ocesophagus exfoliated squam-
ous epithelial cell nucieus.
magnification X 3300
Actual photomicrograph of 4 se-
lgcted areas in the same nucleus.

magnification X 3300

The 1st microscopic derivative spec-
tra of & normal epithelial cell nuy-
cleus,

wavelength range 540-640 nm
&x 5 nm
spectral bandpass 20 nm

wavelength scan speed 200 nm/min

recorder range 50.1
K -axis X1
Y -axis X2

© HITACHI

Fig. 64

Fig. 68

Fig. 6C

Aciual photomicrograph of an oe-
sephagus exfoliated squamous car-
cinoma cell nucleus

magnification X 3300

12 selected areas of the same nu-
cleus.
magnification X 3300
The st microscopic derivative spec-
tra of 12 selected areas of the cancer
cell nucleus.

wavetength range 540-840 nm
A g am
spectral bandpass 20 nm

wavelength scan speed 200 nm/min

recorder range 50.1
Keaxis X1
Y -axis x 2
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partially., When fluorescence, transmission or absorption
spectra represent overlapping bands, it is of great advantage
to solve these bands, particularly in studies of composition
and reaction processes. An instrumental method used in
cytospectrophotometry that provides resolution of over-
lapping bands is referred to as ‘microscopic derivative
spectrophotometry’. In  these advantage
is taken of the ability of the derivative to convert weak
shoulders into easily quantified peaks. Thus a minor com-
conveniently and accu-

applications

ponent of a mixture may be more
rately determined by basing the measurement on the
derivative spectrum. However, the most important advan-
tage offered by the microscopic derivative technique is
that it allows the investigator to simply relate the bio-
chemical changes to structure of the biological specimen
being examined.

It is of interest that although both the derivative tech-
niques and microscopic spectrophotometry are expected to
increase noise and the random errors due to noise, the

limitation is clearly one of the systematic errors due-to
band overlap, In such cases the derivative technique can
be expected to be useful; however, if random noise is
already the limiting factor in the normal cytological spec-
trum, derivative will only make things worse, [t has been
found, both on the basis of experimental data and by
computer studies that each successive derivative reduces the
signal to noise ratio by about a factor of 2. Such a decrease
in precision can often be tolerated if the systematic errors
are reduced sufficiently by the derivative measurement. [t
would seem that derivative techniques would be at least
as useful in microscopic spectrophotometry as they have
been in absorption, transmission and fluorescence spectro-
photometry.

KENJI SUDO, (s g
k) and Mr. TARO NOGAMI

We wish to thank Mr.
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for their support and help.
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1 Methyl Group 34 Aromatic Primary Amine Group
—CH3 —C6H4 —NH2
iso—Propyl — 35 Aromatic Primary Diamine Group
gem— Dimethy1 — ~C6H3— (NH2) 2
tert—Buty1— 36 Aromatic Secondary Amine Group

2 Methylene Group —NH—-C -

—CH2— Indole Ring

- EGH2)2 or 3— 37 Aromatic Tertiary Amine Group
~(CH2)3 or 4— >N—CBH4—
—(CH2)4 or 5— Pyridine Ring
—(CH2)5 or >6— Quinoline Ring

3 Alkane (or Non—terminal Acetylene) 38 Non—Aromatic Nitro Compound Group

4 Aromatic Compound —NO2
Aromatic Ring 39 Aromatic Nitro Compound Group
mono — subst'd— C6H5 —C6H4 —NO2
1,2—subst'd —C6H4— 40 Nitrate or Nitrite Group
1,3—subst'd —C6H4— —0-—NO02
1,4—subst'd —C6H4— —0—-N=0
Furan Ring 41 Nitroso or N—Nitroso Group

5  Aromatic Hydrocarbone —N=0

6 Double Bond or Arom. Ring Group >N—-N=0
—CH=CH2 42 Hydrazine Group
>C=CH2 —NH—-NH2  (>N-—-NH2)
—CH=CH— (cis) 43 Non—Aromatic Amine Salt Group
—CH=CH~ (trans) —NH2 salt
—CH=0< —NH— salt

7  Alkene (Olefine) Ammonium salt

8  Acetylene (terminal — Acetylene) 44 Aromatic Amine Salt Group

C$CH ($ *"triplebond) —C6H5 & —NH2 salt
— ($ : triplebond) —C6H5 & —NH— salt

9 POLYSTYRENE Fﬂ_ —C6H5 & >N— salt
Polystyrene film 45 Oxime Group

10 Non-— Aromatic Ether Group >C=N—0OH
—CH2—0—-CH2— 46 Benzylidene Group
—~CH=CH—0—CH2— —C6H5 & —CH=N—

11  Alycyclic Ether Group 47 Hydrazone or Azine Group
cyclic—0— —C6H5 & — CH N—N<

12 Molpholine ring Group 48 Amidine Group
cyclic —0— & —N— —NH—C=N— (>N—C=N-)

13 Aromatic Ether Group 49 Azo or Triazene Group
—0— & C6H5— —N=N—

14 Non—Aromatic Ketone or Ester Group 50 Isocyanic Acid Ester Group
4—mem. cyclic >C=0 —N=C=
5—mem. cyclic >C=0 51 Carbodiimide Group
>6-—mem. cyclic >C=0 —N=C=N—

a— —C0CO— 52 Isothiocianic Acid Ester Group
>C=0 —N=C=S

15 a:B—unsaturated Ketone Group 53 Nitrit or Thiocyanate Group
C=C—CO0— —C$N ($ : triple bond)

16 S—Diketone Group —C6H5 & —CSN

—C0—C—CO— —S—C$N

17 Non— Aromatic Aldehyde (Formyl) Group 54 Primary Amide Group
—CHO —CO0—NH2
C=C—CHO 55 Secondary Amide Group

18 Non—Aromatic Carboxylic Acid Group —~CO—NH~—

—COOH 56 Tertiary Amide Group
C=C—COOH —GCO0—N<

19 Carboxylic Acid Metal Salt Group 57 Aromatic Amide or Anilide Group
R—CO0— M+ —CO—NH2 & —C6H5

20 Non— Aromatic Ester Group —CO—IN(H)— & —C6H5
—C0—-0— —GCO—N (H) —C6H4—
—CO0—0— and Halogen —CO—N-—C6H4—
G=C—0—C0— 58 Imide Group
C=C—C0—-0— —CO—N (H) —CO—

21 Non- Aromatic Lactone Ring Group 59 Phthal imide Group
5—mem. lact—3—ene * CBH4— CO— N(H)—CO *
5—mem. lactone 60 Hydroxamic Acid Group
6—mem. lact—4—ene —CO—NH—-0H
6—mem. lactone 61 Hydrazide Group
6—mem. fact—2—ene —CO—NH—NH2

22 Carboxylic Acid Anhydride Group 62 Urea Group
—C0—0—CO0— —NH—CO—NH(2)
5—mem. cyc. —CO—0—CO— 63 Imidazolidinone Group

23 Carbonate Group cyclic —NH—CO—NH-—

—0—C0—0— (1) 64 Hydantoin or Uracil Group
—0—C0—0— (2) —~NH—CO—NH—-CO—
24 Formate (Formyl—oxy—) Group 65 Barbituric Acid Group
—OCHO cyc. —CO—NH—CO—NH—CO—

25 Aromatic Ketone Group 66 Triazine Group
—CO0—(C)—C6H4— cyc. “N—CO—N—-CO—N—-CO—
—CO0—C6H4— 67 Semicarbazide or Semicarbazone Group

26 Aromatic Aldehyde (Formyl) Group —~N(H)—NH—CO~N(H)—

—C6H 68 Amino Acid Group
27 Aromatic Carboxyhc Acld Group — CH(—NH2)—(C)— COOH
—C6H5 & —COOH (1) 69 Non— Aromatic Halogenated Compound
—C6H5 & —COOH (2) -

28 Aromatic Ester Group R-—C1 or R—Br
—CO0—0—C6H4— R—Br
—C0—0—CH2-—-C6H4~— R—1
~0—CO—C6H4— 70 Aromatic Halogenated Compound
o—;m— —0CO—C6H4—C00— —C6H4—~F
p— —O0CO—C6H4—O0H —C6H4—C1

29 Carbamic Acid Ester Group — C6H4—Br
—0—CO—NH2 —C6H4—1{ or Br

30 Primary Amine Group 71 Carboxylic Acid Chloride
—NH2 —C0—C1

31 Secondary Amine Group —C6H4—-CO0—C1
—NH—~ 72 Non—Aromatic Thiol Group
cyclic or olef. —NH— —SH

32 Piperazine Ring Group 73 Aromatic Thiol Group
cyclic (—NH—) 2 —SH & —C6H5

33 Tertialy Amine Group 74 Non— Arom. Sulfide or Digulfits:le Group
—N< —~S— —S—S—

@ HITACHI

17



(2034)

THE HITACHE SCIENTIFIC

NSTRUMENT NEWS

F5 Avomatic Sulfide or Disulfide Group
-GS & —(C6H5

GG & - CBHB
Fé&  Sulfite Group
~ 0 B(=0)- 0

77 Thiophene Ring Group
Thiephens Ring
F& Thiazole Ring Group
oyclic — 8- C=N-—
F% Sulfoxide Grgup

8=
80 Suifone Group

=~ 802~
81 Sulfonyt Chioride Group

~-8502-C1

82 Sulfenic Acd or s Salt Group
~503 (BALT)
~803H (ACID)

83 Sulfonic Acid Ester Group

S02-0~ (ESTER)

84 Thicamide or Thiourea Group

B85

86

87

ag

a9

G B N2

- G = 8~ N{H} <

= N - G = §) - NIH2

= M O =8 W
Sulfonamide or Sulfamide Group

- SOZ - NHZ

B il
Phosphorus Compound Group
Qe O--8)2

2 o= R}
QPO Atky1)3
G Pl O Arom. ring)B
o B ) OH
Non — Aromatic Aloohot Group
e @
> G- OF
o e b
Phenol or Arom, Ring & Hydroxyl Group
b & QEHE

—~ (6 =~ OF
Hydrowyl Group

a4 IRA~NZ PI-OCELET AL~
(A HEREIESE | P2 BISM273 0 B373 0, e BLNDSBMOH & — 3 4 > (INTmax), e——e @ WINDOW FEE O

INTming }
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