
UNCLASSIFIED

AD NUMBER

AD837022

NEW LIMITATION CHANGE

TO
Approved for public release, distribution
unlimited

FROM
Distribution authorized to U.S. Gov't.
agencies and their contractors;
Administrative/Operational Use; JUN 1963.
Other requests shall be referred to
Department of the Army, Fort Detrick, MD.

AUTHORITY

SMUFD D/A ltr, 8 Feb 1972

THIS PAGE IS UNCLASSIFIED



U+

TRAN4SIATION NO.kYx

DDC AVAILABILITY NOTtCE

Reproduction of this publication in whole or in part

is prohibited. However, DDC is authorized to

reproduce the publication for United States

Government purposes.

P 7968 hL t~u tL~
C

STATEMENT #2 UNCLASSIFIED
This document is subject to special export

controls and each transmittal 
to foreign

governments or foreign nationals may 
be made

only with prior approval 
of Dept. of Army,

Fort Detrick, ATTN. Technical 
Release Branch/

TID, Frederick, Marylan 
21701



INSTRUMENTATION FOR QUANTITATIVE CYTO(.dMISTRY

[Following is the translation of a German-language article
by T. Capereson, 0. Lemakka and Le Carlson, Institute
for Cytology and Genetics, Karolinska Institutet,
Stockholm, published in Aota Histoohemica, No. 9,
1960a pages 139-156.1

(Notes The work herein was carried out with the
support of the Swedish cancer society, of the Wallen-
berg Foumdation and under Grants C-2740 C-3082 of
the United States Public Health Service.)

The combination of microspeotrographio methods in the visible
and in the ultraviolet range of the spectrum through microinterferaoetrio
and miororadiographio methods suitable primarily for volumetric
analysis but under oertain circumstances also for ultimate analysis,
affords a satisfactory basis for general quantitative oytoohmmical
work within the dimensional range of cell structures. Actual techniques
are often rather complicated in some of these methods, especially
when several methods are being applied to one and the same biological
object. We therefore developed in the Stockholm Institute in recent
years a group of inter-ooordinated methods with the intention of
being able to utilize their investigative properties for practical
biological routine tests. The following is intended, with the aid
of a series of pictures and diagrams, to give a review on such
instrumentation (cf. references 1-10 for details).

Figure 1 shows the most important areas of application for
techniques of this type. The most highly developed area is ultra-
micro-investigation by direct methods. However, indirect methods will
gain increasingly in imporance in the future. Among such indirect
methods, the Feulgen reaction for determination of DNS has been
employed especially frequently at the present time. This histoohemioal
reaction is unique in regard to reproducibility and stability due to
the peculiar colloid-chemioal properties of DNS. Ths difficulty of
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using histo-ohemical methods, based on staining and/or chemical
reactions, more generally in the quantitative sense lies in
producing a suitable calibration or reference system definitely
necessary for oontrol of staining ad/or the reaction sequence in
the speoifio reaction environments offered by the biological material.
Without further discussing this field. I would like to stresa that
the miorospeotrographio methods here indicated and complemented with

the 'methods for measuring on r- - systems" given further below
offer a possibility for developing such oalibration systems for wide
groups of histooheaioal processes. So far this possibility has been
exploited only to a very limited extent.

Figure 2 shows the most important operating methods with
the optical ultra-miorospeotrograph in the visible and in the ultra-
violet range. Figures 2, 1-1 and 1-b show the determination of
the absorption sequence within individual objeot sections or *point
measurements.' The individual 'measuring point* as a rule must
mount to 0.5/u by roaonat the optical non-homogeneity in general
biologioal maumrial. Ispeoially in the problem of nuolootide and
protein metabolism, alorospeetrographio total voluametrio analysis
in individual cells or oell sections predominate in practical biologi-
oal work. Due to the high optical non-homogenity in nearly all of
the cell material encountered$ such total determinations must be
carried out in the following manner. It is initially necessary to
measure a very large number of points of the indicated magnitudej
subsequently the transmission values must be transformed into extinction
Vvwues and the extinotion values must be suumated over the surface.
?his means alone for a oell of general magnitude in ma,-alian material
as a rule several 100-1,000 measurement points of which the data must
be processed and sumated. It is generally further necessary to
repeat the measurements in several wave lengths. By reason of the
instability of the biological material and other reasons, it was
definitely necessary to automate the measuring methods. This was
done by electronic transformation of function, in the simplest case
from transmission to extinction, as well as through electronio
integration of the extinction values over the surfaoe. Figure 2, 2-b
demonstrates the meterologically simplest case in which the measurement
object has a free baokground and the entire examination process can be
automated. Usually, however, the situation is the one shown in 2-a
where the measurement object is surrounded by material which is not
intended to enter into calculation. For this case, the speotrographe
are to arranged that the scanning areas are aontinuously registered
and each individual point on the diagram can be correlated accurately
with a ao°responding measuring point. On the other hand, we can
then limit the measurement to the desired measurement objeotivs Arom
the rogltered data, eventually with the aid of a special function
transformer and integrator, by manual operation of a ourvo-trao
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indicator (Figure 12). Meteorologically, this case is obviously the
best. If we select a cell population in whioh the cells lie free
of each other, the saving of time in a specific biological problem
is often considerable. Where selective staining of nuclei is concerned
a, for instance, in the Feulgen reaction, there exists also for
oonneoted tissues a measurement situation corresponding to Figure 2, 2-b.

Figurs 3 shows the large universal miorospeotograph of the
Institute which in specially designed within the ultraviolet and
the visible spectrum range in order to. oarry out measurements in the
was Indicated* It can be utilized with differont types of microscope
optios. Espocially in the ultraviolet range, refraction optics are
preferable due to certain optic relations of reflection optics. (The
Carl Zeiss Company in Oberkoohon has designed, in collaboration with
us, a eomerical model of this instrunent and has also designed
special aohramatio ultraviolet optics corresponding to the special
requirements of miorospeotrographic work). Both of tho recording
instruments of the speotrograph register the functions indicated in
Figure 2.

Figure 4 shows the course of a measurement in principle#
After appropriate preparation, the measurement is carried out
in the ultra-iorospectograph tifAP)o Iventually control of optio
properties, primarily the dispersion of light in the preparation,
by special equipment precedes the measurement,

For the analysis of the measurement data obtained, knowledge
of the optio constants for the substances is required under the con-
ditions obtaining in the object during the measurements. Espeoially
in stabilized preparations but also in objects which may be assimilated
to a highly ooncentrated protein solution, the optioal constants
often deviate essentially from the values in diluted solution. For
the determination of these constant., equipment (of. below) has
been developed whioh is identified in the picture as *model substance
line.

If the non-homogeneity degree of the cell material is very
low, the mass in cells and cell sections can be determined directly
with the aid of the interference microscope although the accuracy
of this method is generally very low. If significant differences
exist in the refraction indices which is generally the case for
biological material, it is absolutely necessary to employ scanning
methods with very small measurement points hbre also as in absorption
measurements.

By v tilAing Baker-Barer interferenoe-miorosope optics, Svensson
(10) developed a soanning mioro-interfermeter. In principle, it is
also possible to install interference optics suitable for absorption
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measurement in our ultra-miorospeotrograph and carry out scanning
micro-interforomtrio measurements. ften large objects such as
protosoa* with large differenocs in the density of different ooll
parts can be measured with great reproducibility and accuracy,

Figure 5 demonstrates the manner of operation of a now rapid-
scanning nioro-interformeter whiho is an improveoent of an instrument
described earlier. Through the introduction of an eleotronio integra-
tion system, it is possible to handle oven relatively large cell
populations with this instrument. Figure 6 shows the instrument
with the two recorders for increment and the integral of the inorement,

Mioro-radiographio mass determination furnishes in principle
the se indications as loro-interferometrics. We use a high-
resolution roontgoospootrograph built by Lindstrom and shown in
Figure 7

Figure 8 describes the principal method of operation, the
expentiation of a micro-radiogram with subsequent scanning measure-
ments in the niorospeotrograph. The groat advance# of mioro-inter-
foroastrios lie in the oirouastance that the objeot can be investigated
in a liquid embedding medium and also under high optical resolution.
In contrast, iororadiography requires working in a vaouum but has the
very groat. advantago as compared to mioro-interformntrios, that a
'model substance line' is not required because roentgen absorption is
independent from the physical state of the material. For practical
biological worke miororadiography can be utilised primarily for oali-
bratlosnof the interference methods. Recently, however. Carlson has
developed a procedure suitable also for routine examination whioh
allows us to work in low absorbing biological objects with a higher
resolubility than 1/u within an area of the density curve of the
plate so that it id possible to carry out surfaoe measurements without
soanning. This results in such an increase of working speed that the
x-ray method is as quick, at least for the exaination of largo cell
populations, as the mioro-interferonctrios described above. Figures
9 and 10 represent the principles of photometric plate moasuremonts
and/or the appearance of the measuring equipment,

The measurment of elment-speoific roentgen absorption
can also be carried out in the roentgen ulorospeoctrograph developed
by Jgstrom-Lindstroim. The photo plates are analysed in this case
in analagous manner for the determination of certain elements.

In all of those measurements. electronic evaluation of the
data plays a central role because large biologioal material can be
processed only after a high measuring speed has boon achieved.
Figure 11 show* the basic diagram of the four most important



measurement methods and also the general arrangement of the instru-
mentation. The upper branch of the diagram corresponds to instruments
desoribad above* The lower branch represents a special function

transformer (Figure 12) with the aid of which the measurement cutves
of the spectrograph or interferometer are evaluated through manual
tracing of the curve which is an advantage for oertain types of
objects. This method of operation is of great advamtage for more
oomplicated objects, especially sh as listed in Figure 2. 2-a.

If the diagrams mentioned are grouped in a general review
of the coordination of the different equipment, this produoces an

instrumentation diagram as shown in Figure 13 (each square in the
diagram represents a specific instrument).

The model substance measurements (Figure 14 and also Figure 13,
bottom) attempt to obtain exact values for the optic constants of the
substances concerned which are necessary for the analysis of the
miorospotrographic and mioro-interferometric measurements. Figure 14

represents the three most important cases. The top case offers no
technical difficulties but occurs practically never in standard
biological work. The data can here be acquired with conventional
measuring instruments in the meoro-range. For the simple case where
the object corresponds to a concentrated solution, the refraction
index in the visible range can be easily determined with conventional

equipment. However, for the determination of the extinction coefficient,
special equipment will be necessary as well as for routine refraction-
index determination in the ultraviolet wave rane. Svensson has
constructed a Olon ouvette' (Figures 15 and 16) for this purpose.

At the bottom of Figure 14, the most general situation for
the measurement of biological material is represented, ie. where
the object is free of water.

Figure 17 shows schematically how the determination of the
optic constants can be carried out in this case with the aid of the
"drop method". In the illustration, the object is intended to
represent a very mall drop of highly concentrated protein solution.
The drop is either dried or stabilized on a suitable base. The
material is then generally distributed very irregularly over the
measuring surface. Total volumetrio analysis is made by scanning
miororadiography and, when the material volume is known, the
noessary determination of constants can be carried out in the object
with soanndg interferametrios or mioro-speotrophotometrios.

Rapid measuring methods for specific problemes The instrumentation
groups described above are intended for more general work on

biological material of different nature. If the problematio@ are
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restrioted to special substances or special types of biological
material. significant advantages san be obtained when time-consuming
labor is shortened by the construction of specialized measuring
apparatus.

As an example, I should like here to refer to two designs
reecntly developed for an extremely actual field within experimental
saer research, i.e. the oytoobhsioal differenoes in the nuoleotide
and protein components of the different cell@ in large populations
of tumor cells. These working possibilities of special interest
for the investigation of the manner of action of various anti-snor
substances as well as for the study of early stages in canoerogenesis.
For tumor problems of this kind, we can frequently select as investiga-
tive material cells lying free of each other (of. Figure 2, 2-b)
whioh make possible extensive mechanization of measurements as des-
cribed above. A particularly rapid-ultramiorospectrograph for the
ultraviolet and the visible range has been constructed for material
of this type. Its manner of operation can be seen in Figure 18. By
foregoing registration, the measuring time for a oustoary mammalian
cell could be reduced to a few seconds through two-dimensional scanning
of the objects with direct reading of the terminal values. A further
Increase of measuring speed is pointless because the adjustment of
the new measuring objects generally requires at least 10 times the
measuring time. The instrument, shown in Figure 19, is primarily
suitable for the investigation of large cell populations in ultraviolet
and in visible light. It is also wry appropriate for the determination
of DIM by means of the Foulgen reaction and, in tho case, tissue
sections can be employed also because absorption in the eytoplama
can be neglected In the measurement of the Feulgen-absorption maximum.

The instrument for iorointerferometrios shown in Figures 5 and
6 was developed especially for work with large cell series. However,
it is appreciably slower than the instrument for absorption measurementdeseribed above.

For the greater part of eytoehmioal Investigation of cell
populatims, the determination of optical crose section of both
malell snd nuclel s well as of yqtoplasma plays an essential
role. Am instrument for this purpose can also be mentioned. The
auther earlier deseribed a miereplanimeter uhioh works O.u the
primeiple indicated en the left side of Figure 20. An adjustable weak
lens is moved by the observer above a microseope objective in a plane
at a right angle to the axis of the microseope. Subjectively, this
gives the impression that orose-hairs provided in the eyepiece move
aroud the measurement object. The otion of the lens is transmitted
to a planimeter systsm. For series measurement, this arrangement
ma provided with an electrical registration system working in S
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channels. Practically# the work prooedes in such manner that
initially a nucleolus is measured. The observer prssses a button
and a three-point recorder prints a point on the paper of the
recording instruments in column 1. Subsequent to this, the cell
nucleus is measured and activation of button 2 given a recording
in collmn 2. Channel 3 is intended primarily for cytoplasm.
measurements. Simple summation of the points in the columns
directly produces the desired histogram. The equipment is particu-
larly suitable for measurnt of very small objects because the
aecuracy of measurement is limited only by the resoli~ility of the
optics employed.

Suimar :With the aid of diagrams and illustrations, 
a number of

ThiWets are shown which produce the possibility, by their
coordination, for simultaneously exploiting the quantitative cyto-
chemical working possibilities (for general biological problematics)
afforded by ultraiuiorospeotography in the visible and ultraviolet
range as well as in the radiographic field and in microinterferometrica.
In addition, special instruments for work with large oell populations
are described.
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.Abb. A.

Figure 4
a - Optical Ultramiorospeotrographys b - object proparatim of
objeot - ultra-micrompeatrograph - object data - walytodl c -ontrol
of lt retraction* Determination of required meauring aperture,,
d - model substances - ultra-microspoetrograph / Ions ouvette for
determination of f and a - S (and n) under measurement onditions$
• - signfiLes a special instrument In all illustrations.
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According to Lindtroeme
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Figure 9 Integratin r Mireraeiography Without Faste Seaming.
Left - photographs right - measuring ot plate. a - photographie
plstel b - objects a - x-ray tubes 4 - x-ray uass deterninastiem
9 - high resoluti6i f integration (without sosunlug)e
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Arragsents and Integrators in Work low. The illutra-
tion shows how the istruments an be utilied tor different
methods of procedure*

S- computer arramUonf l. b - integrator I for objects
o - recorder for transformed function and Integral 1.
Oounter for integral tubes d - data; e -socaning ultra-
alorospeatrograph; f - point measurement mlorospeotropphi
g - scanning orrangemento line and surfaces h - transmitted
datal I - funotion transformers k - for optical soofinEg E I
1 - optical a - mawns a - x-ray mass -m a"@ a - z-ro
element - quantity; o - measurement values for optilal
sansnin in object, optiaol n in object# xoray mass In
rediogrem, z-rq element in radiogram; p - reeordejr
q - inual curve tracer or object instability e-l 9 itoe.or
I for baokgrouio
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for Manually Tracing the Curve to be Analysed.
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Figure 14 - Different Types of Model Subst noe Moaurmont which
Correspond to the Different Types of Conditiong in
Diologioal Preparations in whioh Square* Indicate that
Special Instrumnts have been Developed for the Partioulaz
Section of the Mthod,

a - model sustia noUj b - diluted solutions a - spectrophotmoter
d - refreaotrouetorl e - specific extinction (visible and ultra-violet)l
f - refraction lndex (specific refraotion)l g - model subatancoel
h - concentrated solutions I - lons ouvottel k - retra tion 13&o: for
ultra-violets 1 - dry substances m - drop methods n - specific refrso-
tion,
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Fituir 18 A Loans Ouvette with Smi1Irrored Iatortaoe for Refrsetles
Index Measuremnt in 14bh-Absorbeft Solutions In the Visible
OWl In the Ultraviolet Rmongoe Abasurmant is eazuled ouat
by recording the ewton rngs under parallel light
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14m. 17. Dr.,Trs.psrnnwmthnI.. tv..I. Abb. 14) auar IItaeatinnio d.t *plisrhs Kan.

Figuro 17 -T&__ Drop Method (of* Figm s, 14) for Determination of the
Optical Constants of the Dry Substances of the Type
Found in Various Stabilized or Deusicated Biologior.1
Preparations * A droplet of concentrated protein
solution Is ass'ued as model object in the illustrations
Two alternate ways for imlu.ms determination are indicated

a - the drop method; b - measurements by elimination of the influenoe
of non-homogeneity through scanning with high resolutionj a - protein
droplel ~d -x-ray tube for mass determination; * - protein droplet
with 0l; -f - Geiger-Muller oounter; & - scanning tuterferenoe
aioropholometer; h - scanning miarompeotrophlotometerl i - measurement
of protein uwount In drop; kc - meauarement of optical phase differenoel
1 - mee~uwsment of etinotionj a gives specific refractions n - givesn
specific extinction.
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Figre f -Rapid Utrairophotmter for Working with Large Coll
Populationse Workingdiga.a-hg-eso ntw ts

f -abl drve#and directions g - uonoohromator (visibl..multrsviolet) 3
h - zem or meroury lamps I - rapid scmnning and Integrating high-
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Figure 19 - Rapid tlltrmiropkhotmter,
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