
J 

1 , 

\ 1 

Il 

• 
i 
l ' 

(' 

Short T~tle: 

METHODS I,FOR QUANTITATIVE E.N. RADIOAUTOGRAPHY 

'1 1'1 

,j. 

/ 



"' . 1 

t 

• 
/ 

/ 

/ 

.... 

&~ ASSESS~ŒNT OF METHODS 

USED FO:K 

QUANTITATIVE ELECTFO~ mCROSCüPE 

RADIOAUTOG?APHY 

by 

Gary M. Levlne 

A thesis submitted ta the Faculty of· Graduate Studies 

and Research 'in paJtial fulflllment of th~ .. 
requlrements for the degree of 

Master of Sc~ence 
] 

r 

. ,,. 

Department of Anatomy, 

NcGill University, 

Hontreal, Canada. August 1977. 

\1\ 
1 

\ 

\ 
~ Gary M. Levine l Q7R .~ 

.t 

1 

/ 
J 

_ J 
" l 

t 



1 • 

ABSTRACT 

Resolution ~n electron microscope radloautography is a measure of 

the accuracy that can be achleved ~n lècating a radloactive source in ex­

perimental specimens. 1 The arder of resolving power (50 nanometers) beinq 

considerably lower than that of the electr~n mlcroseope itself (O~2-0.3 nm) , 

statistical methods comblned with probabilities gover~ed by source-detector/ 

geometry, have been applied to the interpretation of silver grain distribu­

tions observed in rad'ioautographs. This approach has made i t possible to 

determlnel an estimate of the locatlon and relatlve amounts of radioactive 

label in biological tissues. 

In rad~oautographs, stlver gralos can be observed to be distinctly 

related to part1cular structures (exclus~ve grainS)~ or can be seen more or 

less :overlapping two or more strl;lctures (shared grains). If aU the grains 

were exclusive only, there would be no need for a statistical analysis ta 

determïne the true source of radiation in the tissue. In the case of shared 

gralns, assuming that only one radloactive dislntegration'is responsible for 

one grain, ,then'some method must be applied to dlstlnguish which are the 

labelled structures that were actually responsjble for these grains. 

The quantitativè techn1ques of Nadler (1971) and Blackett & parry 

(1973) are the two main methods designp.d to evaluate the location and rel-
1 

ative content of label in organelles. Both methods require the use of a 

resolution boundary circle, WhlCh, when circumscribed around a silver grain 

is lntended to enclose, with some degree of probabi11ty, those structures 
-

which might have been responsible for the formation of that grain. The 

size of this circle may be derived experimentally and theoret1cally. The 

larger the circle, the greater is the probability of enclosing the radioac­

tive source; but, on the other hand, there will also be an increased num­

ber of shared grains making the analysis more complex. B~cause the selec­

tion of,,;the precise di~eter of the reSOlUtion\ boundary circ le which can 

be used 1n either quan:itative technique 1S arbitrary, the influence of the 

S1ze of the resolution boundary on the accuracy of the analyse~ was studied 

by employing a,comparatively large (230 nID rad1us) and small (100 nm radius) 

circle, as weIl a~ a nil~ircle of 0 nm radius. In the latte~ case, 'grains 

are never shared, so that no further analysis 1S required. The 1nvestigation 
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was carried out us~ng exper~mental tissue sect~ons of rat thyroid follicles 

(kindly prov~ded by Dr. s. Cassol) labelled Wl.th 55Fe . An examinat~on wa)S 

also llmad~ of '(arious hypothetical cell models in which a uniform incorpor­

ation of isotope was assumed. 

Results derived by the quantitat~ve techn~<iues of Nadler and of 
, 

Blackett & parry were found to be equivalent despite their different 

protocols. Moreover, in the majority of cases, the sizes of the resolu­

tion boundary circles did not have a signif~éant effect (p s. 0.05) on the 
~jl ~ 

analyses. In fact, under certain 'conditions, the procédure of direct 

scoring (that is, using no resolution boundary circle and no analysis) pro-
1 

vided results which were not sign~Licant1y different from those achieved 

after either method of analysis. The ~nterfretatio~ is that when shared 

gr~ins make up less than 30% of the t~tal number of developed grains for 

a circle of 100 nm radius, br 50% for a circle of 230 nm radius, then the 

simJle practice of direct ;coring of grains is expected to detcrmine as 

accurate a distribution of the location and relat~ve amount of rad10active 
\ 

label as can bel derived after more comr~ex qua;ritat~ve analyses. 
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GENER~L INTRODUCTION 

Resolution in electron m1croscope rad1oautography is a measure of 

the accuracy attalnable ln determ1nlng the locat1on of a source of rad1o-

activ1ty wit~ln a t1ssue sectlon. Physlcal lmproveMents ln resolV11\ 

power have been made through reductlon ln\tlssue sectlon thickness, the 

number of emulsl.on layers applled to sect1ons, the size of the silver 

bromide crystal in the emuls1on, and the size of the developed silver 

graln ln the radioautograph. 

However, even wi th these improvements, the resolution of electron 

, microscope radipautography lS lower than tha t of the reso:llution of the 

electron ml~ro5cope itself. Wh1le resolutlon of the E.M. lS ln the 

order of 0.2-0.3 nrlnometers (nm), resolut1on of E.N. radioautography 15 

at best about 50 nm (Salpeter et al., 197 7). 

Slnce it i~ a reasonable assumpt10n ~'1at one silver graln lS prodnced by 
l 

" 
one rad10active emission (Nadler, 1951, 19~3i Pele, 1963; Granboulan, 1965; 

Bachmann & Salpeter, 1965 i Fertuck & Salpeter, 1974) 1 then radioautography 

15 a quantiflable technique. That lS, the number of silver grains in a 

çad1oautograph is proportional to the amount of radioactivity within a 

t155ue. Furthermore, the number of silver grains produeed' is also de-

pendent upon the duratlon of exposure of L'1e photographie emulsion to the 

radioact1ve source (Salpeter & Bachmann, 1964; Kopriwa, 1975). Therefore, 

if the radioautograph1c grains over cellular structures are counted, it 

should be possible to correlate the number of gra).n5 to the relative pro-

portloP5 of radloactivlty contalned with1n those structures. 

Due to the random directlon of energy particles released by radio- 1 
act1ve disintegratlon from within a tissue treated with a radioaotlve 
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tracer molecule, the formatlon of a silver graln rnay not occur ln the 

sllver bromide crystal directly overlying a suspected source of radlatlon. 

It has been shown that grains can be developed at dlstances of greater 

than 2 ~m from known radiatlon sources (Caro, 1962; Bachrnann & Salpeter, 

1964; Granboulan, 1965; salpeter et al., 1969; Whur etal., 1969; Wllllams, 

1969; Uchida & Mlzuhira, 1970; Nadler, 1971), and that assumptions cannat 

be made about the actual source of radioactivity by virtue of the appear-

ance of a silver grain alone. In ad<h tion, the size of the developed 

sllver grain can be larger than the organelle over WhlCh it is lacated, 

or can overlap two or more organelles, especially in the case of the 

fllamentous silver grain, as opposed to the flne graln. 

The fllamentous sllver graln is produced by using a process of direct 

chemical development of the radloautograph (James, 1962; Mees & James, 

1966) • ThlS causes a reduction to elemental sllver of the silver bromide 
~ 

in the èmulsion and precipitation of the sllver, starting at the site of 

the latent image (Granboulan, 1965), and cG~tinuing in the forro of a 

grovllng filament, whl.ch can extend beyond ILe limits of the silver bro-

mide crystal in which the latent image was situated. Kodak D19b (Eastrnap 

Kodak Corp., Rochester, New York) lS one of the chemical developers 
\ 

comercially available (Hornsby, 1958). 

The fine silver grain is produced by USl.ng a soluti n physical 

process of development (James, 1962; Mees & James, 1966; Ka riw3, 1975). 

The develoJ~r causes a depositlon of s~lver 
) 

locally at the Sl.te of the 

latent image and will precipitate s~îver only within the limit 
~ -- -

\ 
of the 

indivl.dual crystal in WhlCh ~~ latent image was formed. Occas onally, 
) 

severalpunctate silver deposits can forro within the same silver romide .. 
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crystal (Kopriwa. 1~75). 

(GSPD; Agfa-Gevaert data 

/ 

Agfa-Gevaert solut~on phys~cal developer 

sheet, Antwerp, Belg1Uill) lS one of the flne 

grain developers manufac,tured. 

Nevertheless, if aIL the grains ,ln a radloautograph could be 

asslgned exclusively ta a single structure (exclusive grains), instead 

3 

of being shared over more than one structure (shared,grains), then gralns 

could be counted and assigned ta the structure situated directly beneath 

the silver grain. However, since this 15 not the case in practice, 

there remains the problem of ascribing the graln to its true source of 

radloactive label within the tlssue. Towards thLS end, methods of quan-

titatlve electron microscope radioautography have been developed ta inter-

pret silver grain distributl0ns in radioautographs. A quantitative 

method ln electron microscope radioautography is a technlque applied to 

the procedure of graln counting, the goal of whicn is ta de termine the 

location and amount of radioactivity withln a tissue as preclsely as 

possible. With this tool, it has b~en made possible ta calculate the most 

llkely sources and relative quant~ties of radioactiv~ty in a\specimen, by 

application of probabillty factors and statl$t~cal analyses to grain 

counting methods, which establish the distribution of grains in radi~auto-

graphs. 

The subject of this thesis is an investigation lnto the quanti-

tat~ve approach to electron microscope rad~oautography. Studies were 
1 

carried out on the methods in current use for the quantitative analysis '. 

of electron microscope radioautographs in order to,establish the relative 

merits of these tecQniq~es. The ~ext of this investigation has been 

divided into three parts. 

\ , 

, , 
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Part Ideals with the preparat~on an~appllcation of artificial 

line source calibratlon specimens of radioact~ve ~sotopes (Salpeter et 

al., 1969). These are homogeneously labelled profile sections ln plastic, 

WhlCh are coated with ph9tographlc emulslon, exposed and developed as 

radloautographs. Probability curves are determined from the pattern of 

gralD distribution around the known source of radioactivity. Distances 
\ 

of grains from the known source of radiaUon can be ascertal.ned wi th in 

whl.ch certain proportl.ons of the total numbe~ of developed gral.ns are 

found. The percentage of gralns can be correlated to their dl.stance away 

from the 1ine source. These data can then be used as a standard test 

1 

speclmen_which can be cornpared to unknown sources of raaiation in 

experimental tissues. 

Values for HD or "half-distance" (the distance from the 1ine source 

within WhlCh 50% of aIl developed grains are found; Salpeter et al., 1969) 
1 

were determined und~r various experirnenta1 condition~. The problerns of 

interpretatlon and measurement of sil ver gralDs at distances from the 1ine 

source, l.nherent in thlS forro of analytical technique, were l.nvestigated. 

In addition, the general app11cability of the rnethod ta electron micro-
f 

scope radioautography was examined. 

catl.on 

Parts LI and III involve an analysis of the methodology ~n1 appli­

of two of the available quantitat+v~ technl.ques, specifl.cally, the 

method of Nadler (1971) and G~e method of Blackett & Parry (1973). 

In Part II, samples have been studied from experimental tissues. 

Thyroid glands of male Sherman rats, four hours after injection of 55FeC13, 

were ernployed as a 'substrate' for testl.ng and cornparing both quantitative 

techniques. (E.M. radioautographs kl.ndly supplled by Dr. S. CassaI.) 

~.L~~-- _~ ____________________________ i-~ 
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Part III lS based on the analysls of speclfic hypothet1cal cell 

models, or hypothet1cal tlssue standards, in the form of composite photo-

graphs constructed from biologlcal tlssue safuples after the hypothetical " 

introduction of a radloactive tracer substance (see ~~terlals and Methods) . 

It was decided to use such hypothetlcal cell models as a test system 

for comparing the\quantitative methods since, in this way, it was possible 

to maintaln rigid conditions which could be man1pulated at will, and, more V , 

importantly" WhlCh would simplify actual grain countlng by elim~nating the 

following: 

Uncertalnty in different~ating structures underlying 

a silver grain. 

Uncerta1nty of identification where silver grains 

completely obscure underlying structures. 

Abundance of different organelles. 

Variations in size and shape of different organelles. 

r 

varying distribution ("diffusivitytl)of organelles. 

Varlati~ns in s~ction thickness. 

, . Variations in emulsion thickness and uniformity. 

/ 
Variations in exposure or development duration. 

Any effects of backgroun~ radiation or scatter. 

1 

Effects of differences in isotope. 

By using hypothetical tissue standards, the testing system can be 

simplifled, iaealized and none of the above-mentioned routine problems are 

encountered, since: 

Organelles are chosen in advance and known'without doubt. 
, 

Hypothetical grains cannot obstruct underlying structures. 
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Quant1ty of organelles can be Ilffi1ted arb1traril.y. 

Standardized, recorded varlat1on5 in Slze and shape 

" 
of organelles are reproduced photographlcally for comparative 

analys1S. 

DiffuSlvity ~f organelles lS randomized wlth the aid of 

a computer. 

There are no tlssue sections. 

There is no emu~slon. 

No exposure or devèlopment 1S .~cessary. 

" No ~adioactivlty i5 actually used, therefore there can be 

no background or 5catter. 

Slnce isotopes are l~heoretlC:al, 1ncorpqration of label lS " 

based on the assumpt10n of unlform uptake of label (Blackett & 

Parry, 1973) and compar1sons can be made wlth this rationale. 

Under both experlffiental and hypothet1cal condltions, the concept of 

the resolution boundary circle, also known as the probability circ1e (Caro, , ' , 

1962; Caro & Schnos, 1965; Granboulan, 1965; Salpeter et al., 1969; Whur et 

al~t 1969; Williams, 1969; Nadler, 1971; Blackett & parry, 1973) was studied 

in order ta de termine its relevance in quantita~lvely assessing radioauto-

graphie data. The resolution boundary circle 1S a circle of certain radius, 

suchCthat wh~n superimposed over a silver graln in an E.M. radibautograph, 

it will contain within its bounds those structures having possibly been the 

source of radioactivity Wh1Ch caused that grain to fonn. The size of the 

~lrcle is dependent upon an arbitrarily chosen probability which may be 

derived on theoretieal bases, or by experimental observation. The size of 

the circ1e may vary according to the type of isotope, ~ulsion and developer 

~sed 1n a particular study as weIl . 

. ,. -, -'.~,-... ---------:-::-:-------------------------
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INTRODUCTION - PART l 

i) History 

In 1969, Salpeter et al. introduced a procedure for the preparation 

of a calibration specimen for testlng resol~~on ln electron mlcroscope radlo-

autography. A radioactive polystyrene fl1m, approxlffiately 50 rum thick, was 

used as the known source of radiation. Embedded between methacrylate and 

Epo~, the 'sandwich' specimen was sectioned at rlght angles, resulting in 

what was termed a lineosource, or "hot line" 0:: radloactivlt:t. In the 

electron microscope, the Ilne could be seen cJearly without stalning. The 

o l' sections were coated with photograph1c ernulsion, exposed and developed. The 

developed ratlioautographs were photographed in the electrop microscope along 

the full iength of the hot 11. ne , which yie1ded 01~r l,DaO developed grains . 
.. 

The dlstance from the mid-point of every grain to ~ne middle of the 1ine 
(" 

source was measured up to a "eut-off" dlstance (Salpeter et al., 1969) of 

2 ~m on either Slde of the 1ine. The dlstance from the Ilne within which 

half the number of developed gralns were observed was ca1led the half-

distance, or HD. The gralns were then recounted, this time ineorporating 

• 1 

a "eut-off" distance of 10 RD units. This final MD value derived was then 

used vas a direct measure of resolution. Universal curyes wer~ plotted 

graphically to demonstrate the distrlbution of developed silver gra1ns around 

the line source. The universa1 curves could then be compared to silver grain 
, 1 

distributions in experimenta1 radioautographs (Budd & ,Sa1peter, 1969) to 

1 
demonstrate non-random incorparation of radioactive label within certa1n 

cellular compartments. 

ii) Problems to be Investigat~d 

Line sources were prepared with modifications to the Salpeter technique. 

Several isotopes, emulsioQs and deve1opers, used most oftén in this 
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laboratory (Department of Anatomy, McG~ll Un~versity 1 Hontrei,i;"'" Canada) 

were stud~ed and thelr effects on resolutlon evaluated. The determlnatlon 

of specl,flc HD values was perfonned under these varlOUS condltlCms. 

Throughout the study 1 the 11ne source me'thod was analysed, tùklng 

lnto account possible prob1ems, as weIl as those problems actually encountered 

" when ~nterpretlng silver grain dlstrlbutions. The assessment of the centre 

of the developed silver grains and the location of the mid-polnt of the 

thlckness of the 11ne source (ca. 50 nm) posed difficulties. In addltl0n, 

the validity of these points of reference for measurements was investigated . 

Possible errors in performing measurements and reading them from a metric 

\ scale were also examined .. The effects of altering the quant~ty of grains 
~ , 

.. 

~ counted, and altering t~e dlstance from thB 11ne source beyond which gralns 

were excluded from the counts (eut-off dlst~nce; Salpeter et al., 1969), 

were determined. 

The practlcal limitations of the technique of Salpet~r regarding 

resolution in electron microscope radl0autography included the necessity of 

preparing a radloactive line source, rneasurlng the distances of developed 
< ' 

silver gralns from the 1ine in E.H. radiop.utographs, repeat~ng the ,protocol 

for'measuring the dl stances of grains away from speciflc organelles ln an 

experimental specimen under stuçy and comparing these latter distributions 

to that of the expected. Inherent ln making these me~surements was the pos-

sibllity of introducing errors durlng the)interpretation of silver grain 
""''- -

distributions. 

More importantly, bqwè~er, the technlque offered nO information 

about the relative content or concentr~tiàn of radioactlve label with 
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respect to various organelles within a tissue, but allowed only the -

des~1nation of"a non-rand~m patte~n of the d~str~but~on of silver g!ains 

around an organelle suspeçted as the radioact~ve source. 

In summary, an lnvestigat~on of the methodology of line source 

radioautogràphy was carried out, w~th'speclal attention being paid to the 

technical and physical problems of interpretlng in practice, distribut~ons 

of sil ver grains around a known radioactive source. 

l, 

\ . 
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MATERIALS AND METHODS 

Line Source Evaluat~on and Deterrrunabon of HD Value$ 
) 1 

in Electron M~croscope Raà~oautography 

A. Preparation of Radioactive Source 

i) 3 H as the Source st Radia t~on 
"'--0"_ 

1 

10 

Blocks of poly-n-butyl methacrylate, labe11edwlth trltll.nn at a con-

centration of la mCi/gm (Amersham/Searle), were used as the Source of radi-

atiop for ,tritlum studies. Homogeneity of label was assured by the manu-
1 

1 
... .itacturers, and was confirmed by Dr. B. Kopriwa l.n unpublished tests (1973). 

i~) 125 I as the Source of Radiation 

Th f '" d d f 125 d' th d' e source 0 actl.vl.ty l.nten e or l stu l.es was e ra 10-

iodinated co110id of rat thyroid follicles. Female Sherman rats, weighl.ng 

approximately 150 grams, were given lntraperitoneal irjectlons of 10 UCl. 

of 125 1 per gram of body weight (ln sodium iodl.de solution, at a concen-

tration of 5 mei/mli specifie activlty was 1.5 X l07~Ci/mg; Charles E. 

Fross t, Montreal, Canada.) 
\ 

Twenty-four hours after the inJection,~ the rats were anaesthetized 

with ether, and sacrl.ficed by intra-c~rdiac perfusion of 2.5% glutaraldehyde 
, ' 

f 

(Sabatini et" al., 1963) (25% glutaraldehyde, TAAB Laboratories, Readl.ng'l England) , 

in ·0.2M Sorensen's pho'sphate buffer, pH 7.2-7.4 (Gomo'rl, 1955), with oj% 
[ 

sucrose and 0.25\ dextrose (Fisher Scientific Co., Montreal, Canada) pdded 
" j 

• • J 

to increase the tonicity of the solution to 440-milliosmoles per Kgl 
(Cha]ut, N., 1972). Perfusate circulated by means of a perfusi~n phmp 

l ' 
(Minista1tic Pump, Cat. No. 72-894-21, Manostat Corp., New York) f~ an 

-' . 
" l ' 

initial 5 minutes, and continued by gravit y for an additlonal 15 minutes. 
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The thyrold glands were then removed en bloc with the trachea, 

and immersed for two hours in the same fixative at 4°C. With the aid of 

a ZelSS dlssecting stereo-microscope (Mag. lOK - 40X), the thyr0id lobes 

were removed from the trachea, gently trlmmed of connective tlssue, and 

chopped into l mm cubes with a razor blade. The tissue was then wash~d 

for 4 ho urs at 4°C, in half-hour changes of O.15M Sorensen's phosphate 

buffe~ washing solution (Gomori, G., 1955) and left in buffer overnight. 

It was then treated ln a 1% solution of osmium tetroxide (Mil~ig, G., 

1 
\ 

1962) from a 4% 0504 solution, (British Drug House, Montreal, Canada) in 

buffer for 2 hours at 4°C. The tissue was dehydrated in graded solutions 

of ethanol, from 30% up to 100%, a~ two fl.nal changes '.of propylene 

oxide. 

The tissue was infiltrated in a propylene oxide: Epon mixture of 

3:1 for 3 hours, then 2:1 for 3 hours, and a"l:l mixture overnight. 

Follo~lng this, wasl a 1:2, a 1:3 and a final pure Epon mixture (Luft, J. H., 

1961), each infiltrating for 3 hours at room temperature~ The tissue was 

then embedded in evacuated Epo~ in Beem capsules, and polymerlzed in a 1 

60 0 oven for 72 hours. 

B. Preparation of fSecdons for Lina Source Radioautography 

(Acknowledgements to Dr. B. Kopriwa for raclloautographic and 

electron microscope work, and to Mrs. L. Volkov for cuttlng sections.), 

In experiments involving 3H and 1251 blocks, line sources were Jre-

fared with modifications to the method of salpeter (1969). Ultra-thin (~ilver) 
\1, 
$ections of about 50 nm were cut with a diamond knife (Dupbnt Co., Wilrnington, 
" ! 

\ 

qelaware) on an LKB ultra-microtome (LKB-Produkter, Stockholm, Sweden) and 

! 
i 

i • 
\ 
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-
subsequently re-embedded ln Epon, ln flat embeddlng moulds, on Forrnvar 

coated, slotted, copper grlds. Durlng the process of re-embeddlng, Dle 

radioactlve source was embedded at the surface of the Epon, wlth the 

Formvar "and Epon in con tact rl th the sect~on of l ts undersurface. These 

were then resectioned'at a 90 0 angle to ~e orlglnal eut, to produce pro-
\ j 

file sectio~s of pale gold ~nterference colour, approximately 100 nm 
\, 

'\ 

thlck. These resu1tlng sections were placed on celloldln coated (0.8% 

celloldln in lso-amy1acetate) glass ~~des, such that the profile of the 

, line source was tordered on one slde by Epon, and on the other slde only 

by ce1loidin. Developed silver grains appearing on either side of the 

line source were interpreted as belng over elther the Epon side of the 

line or over the ce'11oidPn side. This ar;~ngement was s1ightly dlfferent 

Il 

th311 tlle "hot 11ne sandwich" descrlbed by Salpeter et al. (1969) (see Fig. I-A). 
\ -

The celloid~n coated slides with the sectlons on them were then 

't. 
dlpped ln various emulsions with a semi-automatlc de;ice (Kopriwa, B., 1967) 

expected to produce a uniform monolayer of sllver bro~ide crystals. 
, 

speclfically, the emulslons used were Plford L4 (I1ford Ltd., Ilford, 
r'" 

Essex, England) and Kodak NTE (Eastman Kodak COrp., Rochester, N. Y.). 
l' 

The radioautographs were exposed for periods from 12 through 103 days to 
.f 

assess optlmal graln densities. They were developed with two different 

types of deve10pexs produclng either a fl1amentous graln (Hornsby, K. M., 

1958) wlth Kodak D19b, or a fine grain (James, 1962; Mees and James, 1966) 

Wl th Agfa-Gevaert so1utl.on physical d~veloper ("GSPD" i Agfa-Gevaert Data 

Sheet, Antwerp, Belgiumi,modified by Kopriw~, 1975). Fine grain development 

was always preceded by gold latenslflcation (James, 1948; James, et al., 1948; 

Hamm & Corner, 1953; Salpeter & Bachmann, 1964; Bachmann& Salpeter, 1965) 

l' 
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~n freshly prepared go'ld thlocyanate (Salpeter and Bachmann, 1964; 

Rcc1enrnann and W1ttendorp, 1972, 1976; Kopnwa, 1975). 

A table outllnlng the ~arlous procedures follows: 

Table I-A 

Isotope Developer 
Exposure Time 

(Oays) 
Ernuls.1.on 

L4 
GSPD 49 

D19b 25, 49, 63 

NTE D19b 103 

GSPD 12, 20 
L4 

D19b 18 

/ 
Unstalned sections were placed in a Hitachi HU-IIC electron micro-

5cope, and photographs were taken at a magnification of IO,OOOX along the 

length of the 50 nm thick 1ine source, Chen processed and developed to 

give a final magniflcation of 25,OOOX on B" X la" prints on Ilford photo-

sensitlve paper. 

For each study, apP~oxlmately 70 to 100 photographs were produced 
,. 

including from 4 to 30 grains per photograph. The intention was such that 

the total grain counts would approach a value of about 500. 

C. Quantitat~on and Measurement 

The following method tor measuring the graln distributlon around ~e 

11ne source was implemented. ~ Zeiss dissecting stereo-mjcroscope was used 

in order to further increase the magnification of the mlcrographs. 

( 
In all photog~aphs the centre of the line source was determined as 
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closely as posslble across ltS thickness, and a fln~ scratch mark was ~ade 

along lts length Wlth the pOlnt of a 25 gauge syrlnge needle (Becton, 

Dicklnson and Co. Canada Ltd., Mlsslssauga, Canada). 

The next task was to locate the centre of the deve10ped sllver 

deposl ts. In the case oill the fllarnentous grain, a transparency of con-

centrlc circ1es, placed over the grain, indicated the geometric centre of 

~e developed fllarnent. Wi th the solutlon physical d,eve1oper, f:l.ne grains 

forrned either slngly or in small clustars, usually composed of two or three 

silver deposits (Kopriwa, 1975). The centre of a single silver depos~t 

was assigned without difflcu1ty. In order to ascertain the centre of a 

cluster of silver deposits, a transparency of a clrcle with a dlameter 

equlvalent to the average Slze of the sllver bromlde crystal ln the emuislon 

was superimposed onto the photograph. For liford L4, the average crystal 

SLze was 0.14 ~m (Kopriwa, 1975). If the whole cluster of silver deposlts 

fl.t wi thln the bounds of the transparency, then the centre of the clrcle 

{crystal) was chosen ~s the point of measurement from the llne. If the 

whole cluster did not fit compietely withln the confines of the circle, 

then sorne of the silver deposi ts were asslgned as those developed from an 

adjacent crystal. The centre of these were then 

, USlng a metric measuring magnlfier (Bausch 

detirmined in like manner. 

& Lomb, U. S • A., Ca t. 'NJ. 
81-34-35, 81-34-38), distances were measured from the centre of the grain 

te the centre of the Ilne source to the nearest 0.05 mm. Accounting for 

the magnification of the photographs, l mm was equivalent te 40 nm in 

dlstance, and thus possible errbr, due ta readlng of the actual measure-

ments was limlted to wlthin 2 nm. Graln ~stances were measured from the 

centre of the line on either slde, but Slnce thelr distributions were 

" -:-::;----------------------_.-_ .. _ ..... 
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found to be s~m~lar (see Resu1ts), they were accurnulated to deterrrnne 

one-slded dlsplacements. AlI gra~ns were numbered and thelr distance from 

" the Ilne recorded. In thlS way, reproduc~bi1lty of the system of measure-

ment WqS verlfled. 

Results were tabulated in the form of grain densitles per unit 

distance from the 11ne source, and histograms, graphs and other tables 

were derived from this information. 

Where applicable, statl'stlcal com.parlsons of the data were made 

,..-:..... 
using'a xZ test for two set~6f observed values (Freund, J. E., 1962), as 

shown in the following formula: 

C" 'J eJ' b2 2 
b 2 ] N al a2 . . . ~ N ~ - N 

X
2 = - --+-- + +-- + - --+ + 

NA NI N2 Nk NB NI N2 N
k 

where NA Total of observatlons in Group A 

NB = Total of observatlons ln Group B 

N = Total of observations in A and B 

Individual observations ln A 

bl, b2 .•• bk = Individual observatlons ln B 

degrees of freedom (df) - k-l 

This formu~a.was applied to an e1ectronlC ca1culator program for 
<: 

",- ~- -.",-

~ the Hewle~~-Packard Calculator, Model 10, with the 9810A Statpac (Hewlett-

Packard Co., Calculator products Division, Loveland, Colorado), and was 

used to carry out the necessary analyses. 

/' 
li 

\, 

1 
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RESULTS - PART l 

Results of the various procedures are shown ln Tables 1-1 to 1-5. 

Hlstograms and unlversal curves lilustratlng the data are shown ln Figures 

1-7 to 1-16. 

1) Effects of Isotope on Resolut1on 

In these studies, 1251 demonstrated a better resolution than dld 3H, 

only when using the Kodak Dl9b developer ~hlCh produced a fllamentous ~ype 
~ 

of graln. The HO value for l125 r was 157 nm, while the HD~for 3H was 187 Dm. 

~n using the GSPD developer, WhlCh produced a punctate, flne type 

oCgrain, the HO values for',125 r and r3H were not considered to be different, 
! 

with 3H havlng an HO of 76 Dm, and 125r having an HD of 80 Am. 
1 

ii) '1 Effects of Emulsion on Resolutlon 

One preliminary study was carrled out with respect to the effects of 

emulsion on resolutlon. The Kodak NTE, an emulsion characterized by a rel-

atlvely low sensitivity, composed of small diameter (0.05 ~m) silver bromide 

crystals, resulted 'in an improvement ln resolution to an HO value of 119 nm 

over that of the liford L4 emulsion (crystal diameter of 0.14 ~~), with an 

HO of 187 run. Il 
lii) Effects of Developer on Resolution 

Of the two kinds of commercially available developers 

Kodak D19b and Agfa-Gevaert solution physicai developer (GSPO), the 

demonstrated HO values which were about half the va'iues 

with the D19b. This improvement was conslstent for both isotopes stu "ed. 

'è 
For 3H, where the DI9b resuited in an HD value of 187 run, the GSPD gave an 

HD of 76 nm. For '125 1 , where D19b produced an HD value of 157 nm, the GSPO 

snowed an HO of 80 nm. 

\ 

, ~ 

-1 
\ 

\ 
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IV) fffects of Absorption of RadIation by Epon on ResolutIon 

.ft') 

F~gures 1-12 to I-16 are histogrartls of the normalized gral.n dens~ty 

Per ~nit are a l.n relation ta dl stances away from t~e line source, on both 
l' 

sides of the line, being el.ther the "Epon" sl.de or "celloidln" Slde. In 

order ta derive normalized d~stributions, the maximum actual grain count 

from each study was designated as 100%,. AlI lower counts for unit distances 

away from the line were expressed as percentages of this value. In this .. 
way data could be cornpared regardless of the actual nurnber of grains wlthin 

each study or unit distance away from the Ilne source. 

The data were analysed by "a ~2 for two sets of observed values (p = 0.05) " 
o 

Results from Table 1-2 dernonstrate that there was no significant dlfference 

b~tween the d~stribution of \ grains over the Epon side as compared to that 

over the celloidin side of the line source, in aIl cases except where the 

Kodak NTk was used. In this case there was a slgnificant dlfference '~n the 

normalized distributlon, but no signiflcant,difference between the actua1 

grain counts. Of the 137 grains counted, however, only 63 were ,over the 

\1 

Epon side, while there were 75 grains over the celloidin side. 

V
r 

Effects of Exposure Time on Resolution 
, , 

A study was made with 3H , the llford L4 ernulsion and the Kodak D19b 

deve1opér, on the effects àf exposure time on resolutlon, as shown ln Table' 
1 

1-3. At 25 days exposure, an HD value of 104 nm was considered to be low 

and may have reflected the low density of grains available for counting. 

After 49 days exposure, an HD of 193 nrn was found. After 63 days exposure, 

the HD was 190 nrn. The difference between 49 and 63 day exposure periods 

was negligible. 
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V~) , Effects of eut-off Distance on Resolution 

Agal.n uSl.ng t e 3H, L4, D19'b experl.ment, a study was made on the 

effeets on HO of aIt rl.ng the eut-off dlstanee for grain measurements. A 

eut-off distanc~s arb~trari1y chosen at 600 nm, or about 3 HD, as opposed 

to a dl.stanc~f 10 HO as suggested by Salpeter et al.i 1969). A comparison 
\ / \ 

by cross-reference with various exposure times demonstrated that- reduetion 
/~/ 

of the eut-off dl.stance by this amount redueed the defiriftive HD values by 
1 

about 20 to 30 nm. At 49 days exposure, the HO was redueed from 193 nm ta 

170 nm by cutting off eounts at 3 HO. At 63 days exposure, the HO fell from 

190 nm to 160 nID. The pooler results from aIl exposure times showed a drop 

in HD from 187 nm ta 160 nm, by alterlng'the eut-off distance ta 3 HO. 
\ 

vi~) Effects of Quantity ~f Grain Counts on Resolution 

The data from the study using 3H with the L4 emulsiol) and OJ9b 

developer was analysed in relation to the effects of altering the quantity 

of grains l.ncluded in the meàsurements. Regarding the minimum number of 

grains that can be counted and still produce valid r,esults, inspection of 

Table 1~3 indieates that eounting only 50 grains considerably diminished 

the HO value, while countin~ 257 grains produced essentially the same result 

as for counting 677 grains. 

A eursory look at data from the Kodak Nuclear Track Emulsion in 
, 

Table 1-2, indicates that counting 137 grains may not have been enough, due 

to the difference between counts over the Epon and celloidin sides of the 

line. ' 

In the study with 125r and ~he L4 ~Ulsion, developed with GSPD, a 
~ . , , 

prelDninary count includ1ng 355 grains with no eut-off distance resulted in 

a HD of 85 nm. A second count, which included an addttional 178 grains, 

l 

, 

1 
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\ 
giving a total of 533, aga1n with no eut-off distance, resulted' in an HD / 

/ 

Q 1 

of 84 nm. This diffeienc~ was considered to 
~ 

be negligible and indisated 

1 

that coùnting 350 gra1ns waj ~uffi~ient 

derived by count1ng about 550 grains •• 

j 
1 

/ 
to produce the SaIDe r~sults as 

1 , 

r 
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Effects of ISo~ppe,EmUlsion 

Isotope Emulsion \. Developer 

3H L4 

1: 

019b 

GSPD 

NTE 1 019b 

1 
7' 

( 

12S r L~ .019b 

GSPD 

\1 

1 

/ 

'. a 

and 

-- ",." 

De veloper 

HO No. 

~ 

1 

on RD! 

Grains 
(nm) Counted . 
187 677 

76 439 

1,19 137 

157 286 

80 ,512 

21 

, 

;' 

"-

/ 

j 
J 

f 
1 
1 
1 
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. - TABLE I-2 

Resul ts of Xl tests Of,} Nor ma li zed 

! , 
Grain Distribution Patterns on ei ther side of the Line Source 

Isotope Emulsion Developer 
*x2Significance 

Cp = 0.05) 
1 

L4 Dl9b n.s. 

GSPD n.s. 
~ 

NTE D19b s. 

L4 D19b n.s. 

GSPD n.s. 

\ 
"'n.s. = t:lot signihcantly different 

s. = significantlyl different 

\ 
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TABLE I-3 

Èffècts of ExpOsure Time on Resolution 

/ 

I sotope, Emulsion 
& Developer 

3H, L4, D19b 

Exposure Time Number of 
(Days) Grains 

2S 50 

49 257 

63 370 

~ll times, poo1ed 
677 

data 

/ 

/ 

HD 
(nrn) 

104 

193 

1-90 

187 

Il 

II 

23 

/ 
1 

1 
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TABLE I-4 

Effects of eut Off Distance on Resolution 

Isotope, Emulsion Exposure Tinte Number of HO if eut off at 
& Developer (Days) Grains (nm) 3 HO 

3H,. L4, D19b 25 46 
\ 

88 

49 226 170 

63 322 160 

al! times, poo1ed 0 i data 594 160 ,) 

/ 
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Figure Legends - Part l 

Figure I-1. 1 Profile section of 3H l,abelled methacrylate, 

50 run thick, acting as a line source t (Kindly 

supplied by Dr. B. Kopriwa). 

The radioautograph was dipped in Ilford L4 

emulsion, and developed with Kod~ D19b~ (X 25,OOô) • 

LS = line source 

Ep = Epon side of line source 

i' Celloidin side of line source Cn 

F = Formvar 

G = Filamentous grains 

; 
~ 
c 

-t 
> 

Distribution of grains,results in an HP value of l 
187 nm. There was no significaQt difference between 

, 
distribut10ns of"grains over the Epon and celloidin ' 

{i 

40 
~l 

U 
li 
1 

sides of the line. , 

o 0 

-

',,-
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Figures 1-2 to 6. Var~ous rreparations of li ne sources used ln 

Figu:r;e 1-2. 

Figure 1-3. 

Figure 1-4. 

Figure 1-5. 

Figure 1-6. 

these s tudies . (X 30,000) 

Line source indlcated by double arrows. 

Line source of 3H lab~lled methacrylate,\dlpped ln 

Ilford L4 ~mulsion and developed wlth Kodak Dl9b. 

\

AS seen in previo~s figure, the gra~n ~stribution 

provided an HD value of 187 nm. 

Line source of 3H labelled methacrylate, dipped irl 
Ilford .L4 emu1sion and developed with GSPD. An HD 

of 76 nm indicated an improvement in resolut~on over 

the che~cal developer. Note clusters of two or 
\ 

more s~lver deposits derived from ~ndividual sllver 

bromide crystals. 

L~ne source of 1251 Iabelled thyroid follicular cOlloid(rat), 

dipped in Ilford L4 emuision and developed with Kodak 

D19b. An HD of 157 r~ indicated a better reso1ution 

than found wi th 3H• 

Line source of 1251 Iabelled thyroid folilcular colloid, 

dipped in Ilford L4 ernulsion an,d'developed with GSPD. 

Resolution was not considered ta be different than for 

3H under the same conditions and was better than that 
• 

found with the chemical developer. An HD of 80 nm was 
t 

deterrnined. 

Line source of 3H labelled methacrylate, dipped in Kodak 

NTE emulsion and developed with D19b. Small diameter silver 

bromide crystals (O.O~ ~m) gave rise to small filamentous 

developed grains.- The HD was found to be 119 run. 

~) 
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FIGURE LEGENDS - PART l 

Flgures I-7 - I-11 These graphs show the experlmenta1 denslty dlS-

Flgure I-7 

Figure 1-8 

tributlons of sllver grains around varl0US radlO-

active line sources used in these studLes. The 

left-hand ordLnate corresponds ta the hlstogram 

presentlng the actual number of grains observed 

per unit distance from tqe line. The right-hand 
---------

ordinate corresponds to the integrated grain dis-

tribut ion showing the cumulative percentage of 

grains in relation to dlstance. A eut-off distance 

of 10 HD was used throughout. 

T~iS h~stograrn shows the graLn density distribution for the 

, 3 h hl' ,l'd' d' lsotope H, w ere t e lne source spep1.men wa,s lppe 1.n 

llford L4 emu1s1on and the ~"adloautOgraph was developed .in 

Kodak 019b, produeing~ filamentous gralo. Note the long 

"tail" of the curve, An HD of 187 nm acts as a measure of 

This graph shows the grain density distributiqn for a 3H~ 

line source, agaln dipped in llford L4 but developed with 

GSPD, giving rise to a fine graln. An H~ of 76 nm indlcates 

an improved resolution over the D19b developer. 
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Figure 1-9 This graph shows the pattern of dlstrlbution for gralns 

developed by D19b after exposure of 1n 125r Ilne source 

to 1lford L4 ~mu1s10n. The observed HD of 157 nm indi-

cates that better resolutlon is achieved with 1251 over 

3H, under simïlar conditlons. 

Flgure 1-10 The histogram and integrated percentage of cumulatlve 

grains demonstrates the distribution for an 1251 Ilne 

source dippe~ in 1lford L4', and deve10ped by the'Agfa­

Gevaert solutlon physlca1 method. An HD of 80 nm was 

determined from the pattern of these fine type ~~<grarns:-' '" 
This implies that with GSPD therê are no significant dif-

fl,erences
o 
in reso1ution caused by the lsotopes 1251 and 3H. 

The resolving power obtained with GSPD is about two-fold 

better than when developed by D19b. 
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Figure I-ll This graph demonstrates the distribution of 

grains for a 3a line source dipped in Kodak 

NTE emulsion and develaped by the d1rect 

chemical procedure with D19b. This produced 

a comparatively small filamentous type of 

grain. Resolution with NTÈ las bette·r than 
, 

with the liford L4 emu1sion, as shown by an 
, 

HD'of 119 nm. Howev~ thi~ emulsion pro-

vides inconsiste~esults and its low sens-

itivity makes it impractical for radioauto-

graphy. 
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Flgures 1-12 - 1-16 These hlstograrns portray the norma1ized dis-

Flgure I-12 

Figure I-13 

trllmtlons of gralns (l. e., maximum = 100%) 

seen Cjlver the "Enon" and "celloidln" sldes of 
1 

the line source, ln relation to their unit , , 

distance away from the Ilne. The left-hand 

curve lndicates the pattern over the celloidl.n 

slde, while the right-hand graph shows the 

graln distributlon over the Epon side of the 

line. 

This graph portrays the sil ver graln distrlbution around 

a 3H line source section, dipped in llford L4 emulsion 

and developed with Kodak D19b. The use ofaX2 test for 

pbserved values (p = 0.05) indicated no slgnificant dif­

f/ 
ference between the left and right sides of the curve. 

ThlS lS lnterpreted ta show that self-absorption by the 

100 nm thick Epon section was negligible. 

This histogram shows the normalized distribution for a 3H 

line source, dipped ln Ilford L4 and developed with GSPD 

produclng fine grains. In splte of the appar~nt dif-

ference observed visually, no signifl.cant difference was 

fa und for data on either side of the line by a X2 test for 

observed values /(p = 0.05). The shape of the curve in-

dicates a possible decrease in resolu'tion due to sorne 

self-absorption by Epon, but this was negligible. 
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Figure 1-14 

!l.gure 1-15 

A histogram of the norma1ized grain dl.stribution on 

either side of la 1251 line source is shol. The 

radioautographs were exposed after dipping in I1ford 

L4 emulsl.on and were then developed in Kodak D19b. 

The si1ver grains formed were of the fl.lamentous 

type. No significant (p'= 0.05) difference was fo~nd 

1 

1 

by XL between norma1ized yrain counts per unl.t distance 

from the source, Qver the Epon and cel10idin sl.des of 

the Une. 

This graph represents the distrl.bution of fl.ne grains 

produced'by the solution physica1 development with GSPD, 
,) 

for an 1251 reso1ution specl.men dipped ln llford L4 

emulsion. The pattern of grains over the celloidin and 

Epon sl.àes are\almost mirror-images of one another. 

Statistica11y, they were not found to be significantly 

different by XL where p = 0.05. 
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Figure 1-16 

. , 
/ 

( 

This figure demonstrates the distr~bution of grains 

over Epon and celloidin sides of a 3H line source, 

dipped 'in Kodak NTE emulsion (with a si1ver bromide 

crystal d~ameter of 0.05 f.lr\>. 'The rad~oautograph w 

was d~veloped with7Dl9b. The gra~n produced was a 

small irregular t~pe of filament. ' Although there was 

a significant difference between normalized grain 

counts on either side of the line, no difference was 

1 
1 

found between the actual grain counts. For the latter 

r' 
reason, ,results from the two sides were accumulated to 

forro one-sided displacements, as with the rreViouslY 

shawn specimens. 

'\ 

o 

1 



1 'fi' 

( 

/ 

o 

\ \ 

>-
!::: 100 en 
z 
LU 0 

080 

\ . 

( \ 

) 

\\: 60 

\ -' 

ct:: 
<.!' 

0 40 
LU 
N 
-1 20 
<C 
::E 

\~ 

0:: 
o 
Z 

o+-.. ~ .. ~ __ ~~ ____ ~~~~~~~,~~~~~~~~_ 
960 800 640 480 320 160 & 1 GO -320 480 640 800 960 

-\ 

1 DISTA\NCE FROM UNE SOURCE IN nm 

® 
• 

o 

Il 
\i 

1 
( 

if> 

1 
1 
l 

! 

. 
'" 

1 



1 

( 

( 

1 

l,: 
1 

INTRODUCTION - PARTS II AND III 
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\ 
\ 
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\ 

At about the same t~me as the developmbnt of the Salpeter \ethod, / 

varlOUS analytlcal techniques were offered by several investlga~or~. so~ 

were alternat1ve approaches. producing~im11ar results to those of ialPt:er .. 

::::::~::v::::,t::t:::"::::::t::::::::'::m::r::::::~e content dnd o\nC

i 

n-
o \ 

The following summaries descrlbe the more notable of these qua~ lta­
\1 
\ 

tlve methods in order to demonstrate the procedures available for radiô-

autographie analysis at the electron mlcroscope level. l' 
\ 

1) History 

a) The Method of Whur (Whur et al., 1969) 

This method was devised in or der to eliminate spurious grain counts 

which might be attributed to non-labèlled structures, due to thelr proximity 

to labelled ones. Slnce a 8-ray (or any energy particle) may travel more 

than l ~m from a radiation source, it does not necessarily hlt a silver 

bramide crystal directly overlying the source. Even when this daes occur, 

the single crystal or develaped silver gra~n can over]ap several structures 

(Whur et al., 1969). In fact, many af the grains in E.M. radioautographs 

! 

could be attributed ta more than one structure if the assessment lS made by 

visual analysis alone. 

Ta overcome this, a circle with a radius equivalent ta 225 nm was 

drawn araund the assumed centre of th!=! de'leloped silver grain. Based on 

calculations by N. J. Nadler, this yielded a 95% prabability circle and 

was in agreement\~ith results shawn by Caro (1962), using a 3H- 1abe11ed 

60 nm bacteriophage particle ~,{he radioactive source. 
\ 
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Circles w~th a radius of 6.7 mm for a magnificat~on of 30,OOOX 

we~ drawn on clear plastic sheets. Structures wi thi'h the circles super-

imposed over gra~ns were ~dentified, and a scoring of"points,was implemented 
\ 

whereby a single structure which occupied the entire clrcle was awarded 1 

poin~. When 2, 3, 4 or more structures were seen wlthin the clrcle, each 

structure received 1/2, 1/3, 1/4 or correspond~ngly less points respectively. 
1( l ' 

structure was expr~ssed as a percentage of ' The number of points for a given 

the total grains counted. After counting approx~mately 200 grains, values 

,were obtà~ned for a category called "uncorrected gra1.n count;s". In similar 

fa,shion, values for i'lhat was termed "random graln distribution" werr 

assessed by superimposing 500 r~ndornly distributed 95% pr~babl1ity circles 

over" t~e micr~raPhs, and aga~n .. apPl'(in~ the ~ystem of awarding points. The 

difference be" een the random and uncorrected distributions yielded values 
J 

" 
for "corrected grain counts", and only those reactions which were different 

from rando~ ~ere considered significant. The value for corrected gralns 

reflected neither actual grain concentration nor actual radioactivity, but 

indicated on1y where a reaction could be attributed to a PÎrticul,ar structure. 

From these data, further information could be derived tp demonstrate the mean 

4 concentration of label as a.ratio of one organelle to another. Relative con­

" 

\ 
\ 

centration could be derived by the ratio of uncorrected grain counts ta the 
, '-

relative'area \ccuPied 

Criticism 

by this structure. 

Although the derivation of relative content of label was considered 

• an advance over the methad of Salpeter (1969), the theo~etical drawbacks of 

this technique \rSed major problem~. 

'[ , 
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~ 

The procedure of awarding p01.nts to structures as descrl.bed,- resul ted 

in points be1.ng scored on the' basl.s of equal partl.tion of gra1.ns shared 

between structures, 1.nstead of the more accurate scor~ng of pOl.nts 
) 

according ta ~he probabl.ll.ty each structure hld of havl.ng caused tha~ 

interpretation of grain 11.5-grain ta farm. Th1.S could have affected the 

tributions such that they would not reflect actuai gral.n dl.stributions. 

As weIL, final' results could act only as est1.ffiates of the tru~ncentra­

tions due to this dl.sèrepancy. Since the correction-factor for random 
(,., 

grain distrl.bution was based on the random d1.stribution of structures, this 

could also have created errors,' especially 1.n the cas~ of organelles which , 
were le~s randomly distributed than others"for example, the Golgi apparatus 

as compared ta rough endoplasml.c reticulurn (Whur et al., 1969). 

Therefore, th1.s,method did not actually provide an accurate assess-

ment of silver grain distributions. It could be used to demonstrate where 
\ 

a radioautographic react1.on was significant, but only estimates of content 

\and concentration values could be predicted. 

b) The Method of'Williams (1969) 

This method of grain analysl.s consisted of four sequentiai operations. 

The first was the collect~on of data. Thl.s was perforrned by drawing around 

the a:.:surned centre of the silver grain a "resolution equivalent diameter" 
< 

c1.rcle, which would take into account the range of thè potential isotope 

source. This range was based on the ,50% probability circle of Salpeter 

(1969), but any arbitrary probability and thus circle s.ize could have 'been 

used. The nomenclature followed that where onê -structure aione occup1.ed 

the entire circIe, this wa~-termed a single entity. Where the circle touched 

on two or more st~~;;~r~\ the term junct1.onal entities were used to de scribe 

1---::-----_-
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both. Where two or more structures flt entlrely withln the clrcle, these 

were consldered as compound entltles . 

• The second step in the analysls was ln relatlon to the areas and 

organlzatlon of potential isotope sources. By superimposition of random 

clrcles equivalent to silver grains, what was called "effective area" 

measurement was circles equivalent ta the appropria te 

probabllity were 

carn.ed 0f:t. 

drawn on clear plastlc sheets. The "effective area" 

measurements were made by includlng at least 200 circles on 16" x 20" 

paper, in either random or regular arrays, ~uch that the area taken up 

by the circles reflected the dlffusivity or dispersion of the structures, 

and acting as random grain distrlbutions could then be compared to 

actual grain distributions. 

\ 
The third step was ta make "actual areal! measurements by means of 

a point analysis whereby a point was dr~- at the centre of the circles 

used fOr effective area measurement. An alternative approach was to 

1 
place seven hexagonally arranged palnts wlthin each circle. From thlS, 

~ 

relative o~ actual areas occupied by certain structures could be assessed. 

The fourth step concerned the colltttion of data obtained in the 

last thre~ operatlons. The'random circle frequency corresponded to a 

random grain distribution and, therefore, by comparing actual sil ver 

gra~n distribut,ons ta the distribution of random circles by a X2 

for expeçted and observed values, the non-random character of the 

poration, of label could be' assessed. 

test 

incor-

Further to this, once a non-random character of radioactive label 

was established, the density'°of grains per unit area 1:::ould be used as a 
\ 

'measure of radioactivi ty per unit volume. 
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\ 

However~ this approa6h d~d not take into acc~unt the grains over 

junct~onal or compound regions. The follow~ng fornula was applled to 

grain counts, in order to allow the study'of grains over jjnct~onal 
reg~ons, that ~s, over more than one structure. 

G
AB 

G
M A G A 

X AB + BB 
X 

BA 

AM A 
BB 

() 

where G
AB = grains over AB 

G
AA 

= grains over A 

:! 
= grains over B 

= effective area of A 

A
BB 

effective area of B 

AAB circ les W:l..th centre on A, but overlap B 

A
BA 

circles Wlth centre on B, but overlap A. 

Thus, a prediction of expected grains over )unctional regions could 

be derived from the values for exclusive grains\ 

1 
For grains over compound regions, a test was appl:l..ed whereby the 

effect of including compound regions as possible sources of radiation 

was compared with results established by including only one of the com-

pound structures alone. That is, if structures A and C are included in 

the region ent~re'IY Underly!ng a grain, the effect of scor~ng, only A, or 

only C, as the assumed source, was compared to scorlng AC as compound 

items. 

The advantages offered bY\~iS technique included, according to 

Williams (1969): 

1) a consistent aryd object:l..ve approach_ 

2) analysis 'of Wins "astride" two or more items 

3) analysis of items smaller than resolution boundary circ le size 

" " , .. 

/ ~ 

/ 



1 

( 

( 

1 
1 

, 1 

4) an approximate measure of resolution. 

Cri t~cism 

38 

One of the major disadvantages of th1S method was the labor1ous 

colle~tlon of data. More than this, however, was the drawback that th1S 

method was not quantitative in L~at it did not provide data as to relative 

/ 
quantities of radioactivity within tissue compartrnents. Rather, it 

could be used only to determine ~e location of a significant radioauto-

graphic reaction. 
/ 

The technique was '~as yet 1mperfect" (Williams, 1969), but did 

1ndlcate the direction needed for a t~Uly quant'j tative approach to ., 
electron microscope radioautography. 

c) The Method of Nadler (1971) 

.e method of Nadler was ta assign, by stat1stical 

analysis, each Sl r grain in an electron microscope radioautograph to 

1ndiv1dual in the tissue. Th1S posed two problems. 

The o establish a relationship between the loc3tion of 

the grain and Ta solve this, theoretical 

probabilities were calculated and a circle of a 

ri ze corresp0rl;,ding i trari ly chosen probabili ty was drawn around \ 

the centre of each This resolution boundary circle con-

tained within it aIl structures which might PO~SiblY have beeJ the radio-

active source which caused the grain to form. For the method of Nadler, 

the size of the resolution boundary cirble was based upon theoretical 
1 

considerations. However, the manner by which the size is derived is not 

essential to the actual method of analysis which lS contained in the 

",econd problem. 
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The second problem was ta ass~gn each grain wlthln it~ resolution 

baundary circle to ei~~ one ~nd~vidual structure (excluslve gra~n ~ E), 
,n 

, 
or ta mo~e thqn one structu!F (shared graln = nS). If aIl grains were 

exclusive, there would be little or no problem in interpreting the loca-

tian of the grain. However, as long as there were shared grains~ a 

prablem of interpretation existed. Since it was a fair assumption that 

for low energy particles, one radioactive emission would produce only one 

grain (Nadler, 1951; Pelc, 1963, Fertuck & Salpeter, 1974), then only 

one af the structures "shared'l by t?-e graln could have been the true 

source of radiation. 

In practice, method required an unbiased selection of photo-
'~ 

graphs of field~ in the electfon microscope which srowed at least one 

\\ grain. A significant nurnher of grains (approximately 500) had ta be 

counted. The goal of the analysis was to attribute ta each c~ass of 

li truc ture S • such as mi tochondria, nucleus, Golgi, rER, etc., 'a true 

-
grain' coun t ( = C· equivalent ta "corrected", "pr~dicted" or "expected" 

n ' 

count, as opposed ta "observed" or "real" count), where the total number 
\ ' 

of grains enumerated, TEM ~ 1: c. 
n 

Since shared grains were counted 

th T· > T more an once 1 GRAND EM' 

The proportion of grains shared by classes n, n', ni " which could 
\ 

be attributed to n alone, was expressed by: 

C 
n 

nC + n'C + nt-' C 

Application of a point-hit ana1ysis (Chalkley, 1943) was made in 
( 1 

order ta de termine the relative areas of structures in the radioautographs. 

\\ 
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In order ta correct for gralns shared as a result of the dlffuse or com-

pact shape of an organelle, app1icat~on of a clrc1e-hit analysis (Nadler, 

1971) was made as weIl. Point-hits reflected the 'area occupled by a 

structure and circle-hits rlflected the chance that the st~ucture 
wou1d be caught by a circ1e of that size. The ratio of point-hlts to 

circle-hlts is an expression of the chance of a structure being caught 

by the c~rcles, relative ta the area occupied by that structure. 

Structures which are diffuse as opposed to compact will more 1ikely have 

a h~gher ratio, where compact structures will he reflected by a lower 

ratio. S\ince diffuse structures will also be more 111<:.elY to be caug"ht 

by the resolution boundary circles, then the same rat10 will correct for 

the relative "chffusivity" of the structures. 

Point-hits over structure n, expressed as a percentage of the 

total number of points was designated as nVP . Circle-hits, expressed as 

above, were designated by Vo. The ratio of Vp/ Vo was regarded as n n - n 

the index of di,ffusivity of stru,cture n. 

If the nurnber of grains shared by n, n', n' 1 

number of grains attributed to n aione' Sn', n" 
n 

= sn'. and if the 
n ' 

there fore, by 
'1 

equati6n 1: 

1) Sn' n" = n, ' sn' n" 
n ' 

C ( Vp/ Vol 
X ____ ~~~~~n~~n~~~n~~--~~----~----~-

c( Vp/ Vol + ,CC Pp/ ,Vol + "C( ,yp/ .vo) 
nn n n n n n n Tf 

At this point, the value for C was still unknown, but Equa1ion 2 

yielded: 

2) C 
n = E 

n + E S 
n 

i 

l 
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Then, Equat~on 3 stated: 
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By numerical analys~s, the sequence from Equation 3 was repeated, 

with the aid of a Hewlett-Packard electron~c calculator (98lGA, Model 10), 

programmed for the necessary calculation~, until the value for nCk àif-

fered by no'more than 5% from nCk-l" When th~s outcome was reached, nCk 

was accepted as the value for the true graln count C. 
\ n 

1 Wlth this method, determinatlon of relatlve conteJt of label was 

\ 

made by calculating nC/TEM X 100, that is,\ the ratio of true grain counts 

over a struct~re to the total grains enumerated and expressed as a per-

centage of the total. 

In add~tion, relative concentration of label could be calculated, 

by CfT 1 that is, the ratlo of relative content of label over a 
n EM 

n
Vp 

structure to the relative volume (area) of that structure, 

expressed as a percentage of the total volumes. 

d) The Method of Blackett & Parry (1973) 

By combin~ng an adaptation to the circle analysis of Williams, and 

other mathematicai considerations and manipulations, the method of 

Blackett & Parry provided an estimate ~f activity 9r content of radio-

active label within structures seen in electron 

Th~ method aiso took into account the geOm~tric 
their positions within tissue sections. 

mlcroscoPI radioautographs. 

shape of rganelles and 

The method invo1ved analysing experimentally observed grain dis-

tributions around a resolution specimen (line source). From this, the 

appropriate cor~esPOnding distance was calculated for a po~nt source of 

... :!l&f!Œ::-,,--...... -.... _ -----.,.,.,-,,--.-----.----.~----~~ 
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radloactivi~y (Salpeter et al., 1969, 1977). Then uSlng a reso1ution 

boundary cIrc le of a Slze ref1ecting the chosen probablllty range, hypo-

thetical grain dIstrIbutions were determIned (Blackett & Parry, 1973). 

These hypothetlcal grain distributIons were then compared ta real grain 

dIstributions and the activities were arbitrarily altered untll a 

statistically signifIcant good fIt was obtalned between them, usimg the 

x2 test fpr comparing expected and observed values. 
1 

The distributions of hypothetical grains was based on a unIform 

grid of points on transparent acetate sheets constituting the hypothetical 

sources of raruoactive disintegrations. A list of various "distances" 

and "directions" were applied ta these points, based on probabillties of 

a point source prjfucing a graIn 

Thus, an analysis \similar to the 
" 

at ~ny given dIstance from the source. 

circle analysis of l'lililams (1969) was 

made. A circle of ~adius equivalent to HR for a point source (half-

radl.us; Salpeter et al., 1969), was drawn around the si te of ea\ch hypo-

thetical grain. 

The comparison of real grain to hypothetical grain distributIons 

was made WIth the aid of a computer program which Incorporated a mini-

misIng sub-routine (Blackett & parry, 1977) and explored a range of 

activities which might have been conSIstent WI th a statistically good 

fit. 

and 

Once the best fii was ditermined, the relative act~vity (content) 

the relativ.e, are a for each organelle was derived. From this data, 

the relative concentration of label could then be calculated, based on 

the ratÎo of relative activity to relative area. 

\ 
\ 
\ 

\ 
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~i) Problems to be Invest~gated 
,~ 

.... 
a) Objective of Parts II and Ij,I , 

,.1' .,..:Jt". ---~ ",,~~_:. 
r ,>::L~ 

The obJective of these studles was to compare the twb main 
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analytlcal methods avallable for quantltat1ve electron rnlcroscope radlo-

~utography, and hopefully ta draw concluslons concernlng the relati~e 

rnerits of both, Moreover, each rnethod depends on a resolution boundary 

circle which 1S based on "either theoretical analysis or on e~ferirnental 

observations which still ~equire theoretical m~ipulatlons. Accordingly, 

these two quantitative analyses were also compared us~ng a relatively large 

tadius resolution boundaiy' circle of 230 nm, a small size c{rc1e of 100' nrn, 

\ 

and a ni1 reso1ution boundary circle of 0\ nrn, in order to assess the 

importance of the size of thJ resolutlon boundary circle for the practical 

lnterpretation of sil ver grain distributions ln e1ectron microscope radio-

autographs. 

b) Ob jecti ve of Fart II 

The quantitative analysis of Nadler (1971) and that of Blackett & 

Parry (1973) was applied tQ electron microscope radioautographs of thyroid 

tissue, fou~ hours after inJection of 55FeC13, in order ta compare the 
\ 

techn~ques using experimentally obJerved grain distributions as a sub-
\ 

strate\for the test system. 

d) Objective of Part III 

\ 

The methods of Nadler and Blackett & Parry were also applied to the 

quantitative analysi~ of theoretical cell models,' in the ~orrn of speciflc 

hypothetical tissue standards (see Materials and Methods), following the 

introduction of a hypothetical isotope. 

Since the Blackett & Parry methOd was based on hypothetical grain 

/ 

l 
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assumed uniform dlstrlbutlon of 

dlstributions used in the&~ studies 

were also based on the assumption tftpt the radlo-isotope was uniformly 

distributed. Thus, it was possible again ta analyse the effects of . 

varying the reso1ution boundary circle ra~us, frorn 0 nrn to 100 nrn and 

to 230 nrn, this time under variou~ hypothetical conditions. 

1\ r 

, 
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PART II 

MATERIALS AND METHODS 

comparison of Techniques used in Assessing Grain 

Distributions in Electron MJ.croscope Radio-

autography, BaSed on Studies of an EXperlmental Sltuation 

A. Preparation of Tissue 

(Acknowledgements to Dr. S. Cassol, for Supplylng the tissue and 
\ 

E.M. radioautographs.) 

In experiments previously conàucted by Dr. S. Cas sol (1975), formerlyof 

this 'Departmeîlt, two male Sherman rats, welghing abou,t 100 grams, were 

slowly injected through the external jugular veln with 0.91 rnCi of 

~eC13 in 0.18 ml of 0.001 N HCl (carrier free, New England Nuclear corp., 

Boston, Mass.). AnimaIs were sacrificed 4 hours after the injection, by 

sequential perfuslon through the left ventrlc1e, flrst with 3% p-

forma1dehyde for 15 minutes, fo11owed by 2.5% glutaraldehyde for another 

15 minutes. The thyrold glands were removed and immersed in the sartte 

fixative for Il "hours at 4°C, during which time the glands were chopped 

into small pieces. These were post-fixed in 1% osmlum tetroxide,in 0.1 M 

Sorensen'~ pho~phate buffer for 2 hours at 4°C, dehydrated in acetone and 

embedded in Epon. 

B. Preparation of Electron Microscope Raqioautographs 

The tissues were treated by Dr. Cassol in the following manner. 

Silver-gold sections were cut and transferred to glâss microscope slides, 

coated with 0.8% celloidin-. These slides were then dipped in dilute llford 

1 
L4 emulsion wd.th a semi-au,tomatic devüile, to ensure a single, uniform mono-

layer of closely packed silver bromide crystals (Kopriwa, 1967). ~ 

.,~, '. L~.~,7,,~.--~~""""-----------------------

1 
f 
t 
f 



" 1 

( 

\ 

\ 

• 

After exposure times ranglng from 76 dgys to 17 months at 4°C, 
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e radioautographs were developedcwit~ Kodak D19b, diluted 1:10, for l 

nute at 20°C. Radloautographs were subsequently flxed for 2 minutes 

sodium thiosulfate (Fisher SClentlfic Co., Montreal, Canada). 

ln sect10ns were post-stalned for 45 seconds with aqueous uranyl acetate 

stempak and Ward, 1964) followed by 20 mlnutes Wlth lead citrate 

Reynolds,e 1963) • 

" 
Quant~tative Electron Microscope Rad~oautography 

, 
Speclmens were placed, by Dr. Cassol, ln the electron microscope and 

all regions showing silver grains were photographed wlthout biasi that 

~;-, no portion of a \ th~r~ido follicle, whether cell or lumen, which 

exhibited silver grains was excluded. ApBroxlmately 150 pictures, showing 

abO\lt 230 silver grains cwere tak.'en at the 4 hour time inte,rval. Since the 

dlstributibn of grains was similar in each palr of the aplmals studied, 
Cl 

grains of both animals were added together. 

After having obtained these photographs from Dr. Cassol, quanti ta­

ti~: ~a~ carried out on these 8" X 10': prlnts of the electron miCrOgrap~s, 
at a final magnification of 30,OOOX (see ~ig. r,r-5). 

~ Quant~tation AcsPrding to the Method of Nadler 

. 
(Appenàix to Haddad et al., 1971) 

. ' 
WitQ the quantitative analysis of Nadler, each silver grain waS 

, 
circumscribed within a resolution boundary circle of either 230 nm, which 

was eq~valent to a ~~% probability circle (Whur et al., 1969), or within 

The structures within 
1 

~is circle were recorded and the grains were scof:.èd as either "e~clusive", 
J. 

o " 

, ; 
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over'onlyone structure, or as "shared", that is over two or more organelles. 

Gralns were scored over all structures, but for classes where the number 

of exclusive gralns was small (less than 1% of the total), these counts , 

were lncluded in another closely related class which shbwéd a slgnlflcant jl 

number of ~i\ver gra~ns. For example, in the final analysis, since so 

few gralns were seen over dense bodles, these were designated as grains 

( 

over lysosomes. Gralns over ~he Golgi apparatus were not distinguished 

as being over saccules or vesicles, bul inst~ad over the Golgi r~gion. 
Slmilarly, attempts were not made ~o'asslgn grains'over the rough endo-

plasmlC reticulum, to the cisternae, membranes or ribosomes, but rather 

\ 
to the rER as a whole. Therefore, the final data tab*lated included . 
grains classified'as eith~r excluslve to an, organelle or shared over more 

than one o~ the following: mitochondria, apical vesicles, rER, nucleus, ) 

Golgi, tolloid, lysosomes and plasma membrane. 

In addition to the two different clrcle sizes analysed, the situ-
'Po ... 

ation in which a nil~resolution boundary circle (one of d nm radlus) was 

aIso inVle~tigated. For this, the geornetrlC centre of the developed 

" ,; 
silver g~alhtwas taken as the excluslve slte of radioactivity. ,Therefore 

no grains were de~ignate1 as shared, thus eliminating the nee~ for any 

further application of statistical forrnulae to this data. 

The relative volumes of the various organelles were assessed by the 

"point-hi t," method (Chalkley, 1943; Npdler, 1971), and expressed as a 

percentage of the total number of circles applied to the photographs. Once 

the corrected or true grain count$ had been established, according to the .. 
formula,for the solution of a system of non-linear 

Nadler and \fhajut, 197~), the relative content and 

equations, (Nadler, 1971; 

relatite concentration 

'p 
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\ 
of label ~n each organelle could be detérmihed. In order to der~ve the 

\ 
\ 

corrected counts, the recorded data for exclus~ve and shared gra~rts, as 
\ 

well as the data concerning point-h~ts~and c~rci\~hi ts, ",,?re fed into an 

\ \\ -electronic1computer (Hewlett-Packard Madel 10, 98l0~; Hewlett-Packard, 
l-' \ 

Montreal, Ca'nada), programmed to perforrn the necessa'hy' calculations 

\ 
(Nadler, 1971) and print the output dat~ of correc~ed o~ true gr~in counts 

, 1 

exclusive gral.ns over each of the organelles (see Figs~ 11-1 to 3). . \ 
, Due to limitations in the computer program, which ca~es~~~~~ 

o a6,commodate only f,ive variables (organelles) at a tilne, ~t wa,s ~cessary 

to \rganize the data in such a way that the corrected grain counts,( pre­

dictàf by the computer pr~Jram, would be independent of the particula~\ 

mbin~iOn of structures included in a single run of the program. Sin~e, 

th e wefe el.gh t different' o:tg~elI~t~Lbe aI,lalysed in this study, el.ght \, 

diffe en~\combinà-tlons of the structures, in gr&up~ of five at a time, 
\ " 

were ru th\ough:the comp~ter pro~:~. Tbat is to say, that if there 

were stru\~ures labe'Ue<?- K, B, C, D, ;~-'F, G, H, and they were analysed 

in g~oul>s o'~\\ the correited eounts for, let us say org""elle B, based 

on grouping A, \~, E,-~ght pe different \:~om thosè cal~u'lated from 

cgrouping B, , especially where aIl co~ts are inter-dependent 

of that unique five 

B, but A is not 

over B might differ from fr 

than~one structure wlthin or 9utside 

group. If g~ains are shared between A and 

particular, group, then the corrected counts 

\ 
one next. The fina1l values' 

forQcorrected counts which sho ed 

group fa the 

the greatest agreement between like 

• organelles from group' to group we e accepted as the definitive true counts 

(see ~ig. II-A). 

\ 
\\ .,. . . -~~,~, -------------

\\ 

\ 
/\ 

'J 

1 
1 
1 
1 
1 



f 
? 
1 
i 

, 

1 
,. 

( 

\ 

49 

ii) Quanti ta tian Accarding ta the Nethod of Blackett & Parry 

using Hypathetical Grain DIstrIbutIons (Blackett & Parry, 1973) 

Thl,S ,technl.que for assessing "true" grain dis trlbutions 

superimpOSing\transparenCies of hypothetical sources and sites 

involved 

of radio-

activity over organelles in electron micrograph p1"ints of radioautographs. 

Transparencies were prepared, accordI-ng to the format of Blackett & Parry 

(1973). A grid of unl.form points (sources of radiation) was printed on 

8" X la" acetate sheets and a series of computer-generated random angles 

and distances were allocated to all the pOlnts. These "new" positl.ons, 

af which each, angle and distance coincided, ,ecame the centre of the 

hypothetical site of radiation. Thl.s,.in practice, was a circle of 

specifie dl.ameter. The effects of two different circle sizes were 

analysed. Thése inc1uded a large cl.rcle of 230 nm r~dius and a small 

cirele of 100 nm radius (see Fig. II-4). 

The situatlon in which a nil resolution boundary circle of 0 nID 

radius was studied as weil, this being unde~ the same conditions as 

deseribed for the method of Nad1er. Here, the site uf radioaftivity, 

taken\as the geometric centre oî the silver grain, was assumed to be 

the exclusive sourpe, of radioactivity. In this case, since there were 

no shared grains, thenecessity of any further analysis was eliminated. 

By superimposing ~se transpar~ncies over 
{ / 

photographs, it was possible to derive a table of 
) 

hypothetical sourees".,and sites of rad1.6activity. 
>.:'l 

each of the 8" X 10" 

distribution of 

Approximately 3,000 

hypothetical grains were analysed for each circ le size. 

~e hypothetical distributions were then correlated to the real 

(observed) grain distribut~on using t~e X2 test for sig~ificance, and 

• , 

l 
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~ndicated the "goodness of f~t" of _the-theoret~cal data to that of the - '-

observ~~. From thlS ~nfoimation relat~ve act~v~ty or content of label 

w~thin organelles was determined, as weIl as the relatlve areas of 

each ~rganelle. This was acçompl~shed with the aid of a computer pro-

1 

'gram (which incoiPorates a mini~sing sub-routine) designed specifically 

/ 

for this purpose by the Blackett and Parry group. 

iii) Comparison of.Results Derived from both Quant~tative Methods 

In order to compare the information gathered using both quantita­

tive techniques, itowas necessary to\translate ~e final data ~rom each 

into units or relativè content and rêlatlve concentration of radioactive 

label. The methods were then reviewed in terms of their similarities 

and differences, as weIl as their relationV,to the potential importJnce 

of the size of the r~solution boundary circle .. 

Statistical comparisons of the data were carried out by means of 

a X2 test'for,~wo sets of observed freqUenci~f (Freund, 

described in Part l of th~s thesis. The tests were run 

for the Hewlett-Packard 9810A electronic calculator. 

1962), as 

using a program 
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RESULTS - PART II 

Exper~menta11y Observed Gra~n D~str~butiors 

\ 
Assessed by the Methods of Nadler and Blackett & Parry 

wi th Vary~ng Circle Si zes 

Table 11-1 demonstrates the distribut10n of reJat1ve content of 

-raruoactive label from radioautographs of thyroid follicles, four hour~ 

after injection of 55FeC13 (kindly suppliéd by Dr. S. A. Cassol). The 

use of a nil resolution boundart c1rcle (0 nrn) and both the 100 nm and 
1 

230 nm circles was made by the analysis of data by both the m\thod of 

Nadle, as weIl as that of Blackett & Parry. Relative content or activity 

is exp ssed as a percentage of the total grains counted. 

A) Grai Distri~u~ion over Organ lles\ 

I. of Methods and Circle 51 ~~ 

1) Nucleus, Colloid, Lysosomes, Golgi 

Grain c0:fts over the nucleus (~9%), colloid ~~9%) 1 lysosomes 

(~2-3%) and Golgi (~2-3%), were consistent regardless of the method 01 
circle size used. , 

2) Rough Endoplasmic Reticulum 

It was noted that counts over the rER, derived by using a nil 

li 
resolutidn)?o-,:~.d~ry circle J3S.S%\ were close to those assessed with the 

230 nm cirrle 'of Blackett & Par+y rnethod (32.1 ± 5.7%\. The remaining 

'values for the\rER, derived with ~ 100 nm circle for the method of 

Blackett & Parry, and the 100 nm and 230 nm circles for the method of 

Nadler, ranged from 45% to about 70%. 

'\ \ 

~ .~ 
/ 
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" 

3) Apical Ves~cles 

Counts over the apical vesicles were con5~stent at about 5 to 7% 

for the 0 nm cirele and both cirele Slzes Wlth the method of .Nadler. How-

ever, tho~e derived by the method of Blackett & Parry, for both circle 

sizes, were lower at about 0 to 2%. 

4) Basal and Lateral Membranes 

Values over the basal and 1ateral membranes were consistent at 

about 13% for the 0 nm cirele and for bath cirele Slzes with the method 

of Blackett & Parry. In this case ,though, the I:Iethod of Nadler estimated 

lower yalues of about 5 to 8%. 

5) Mltochondria' 

Most striking of aIl organelles were the dlfferences between per-

centages predicted for grain counts ovez the mitochondria, depending on ., 
the circle size or method of quantitation used. ~'1ith the nil resolution 

'boundary cire1e, about 17% of the grains were attrihuted ta this organel1e.~ 
> '. 

The method of Nadler, using a 100 nrn circle, ajCO"dS 12' of th~ label to 

mltoehondria, while using the 230 nm eirele, 26% of the label i5 given to 

the mitodhondria. 

The Blackett & Parry metrod predicts a com?aratively low value of 

3.4%, with a large standard error of ±'12.3%, when using the 100 nm eirele. 

At the 

of ail 

same time 

gra~ns ta 

this method, using a 230 nID cirele, attributed 31.4 ± 3.4% 

mitochondria. 

B) Comparison by X2 of Grain Distributions Assessed by Both Merhods·and 

Circle Sires 

Camparisons of ~the predicted distributions were made using a X2 test 

for two sets of observed data (Freund, J. E., 1962). Results are shawn in 

• 0 

~ 
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Table 11-2. The distribut~ons of relat~ve éontent were compared regard2ng 

results derlved with the 0 nm clrcle ta thase of both the 100 nm and 230 rom 

c~rcles and also for the \ethodS of Nad1er and Blackett & Parry. Comparisons' 

were also made between the two methods and be,tween the 100 nrn and 200 nm 

circle sizes. The results of thesJ tests, were dependent upon a confidence 

level of 95% (p = 0.05), wh~ch was accepted as statistically signLfh.cant. 

The fo11m'l'ing is a s.ample calculation of X2 " for a cornparison between 

the 0 nm circle-and the 230 nm c~rc1e for the method of Nadler: 

x2 = 

:= 

+ 

N 

NA 

200 
100 

200 
100 

200 

;' N 

[

2 2 2 2 2 2 2 2J 
~+~+~+~+17.1 +~+~+13.6 
80.9 18.1 IS.l 12.S 43.0 4.6 4.4 18.2 

~+~+~+~+~+~+~+~ O 
2 2 2 2 2 2 "' .. ~ 2 ] 

80.9 18.1 1S.1 12.B 43.0 4.6 4.4 18.2 

0\ 

106.08 +"105.S5 - 200 = 11.93 '\ 
---

Slnce 11.93 is less' 'than the value" of 14.06 predicted for the X2 

distribution for 7 degrees of uêedom, where p ;;; 0.05, therefore the dif-

ference between the two grou'lps of data was not 

Al! X2 tests were executed by a computer 

Packard e1ectronic calculator, 9810, ~bdel 10. 
\ 

significant. 

program for the Hewlett-

~) ~he Method of Nadler in Relation ta Varying Circle Size 

Using the m~thod of Nadler, no significant difference wa~ observéd 

bet1een results dérived from'the 0 nm circle, when compared to those found 

\ 1 _"~ 
using either the 100 nm or 230 nm circle. In addiiion, there ~as no sig-

nificant differençe between results derived with the IOO'nm and 230 nrn 

circles when c~pared to each other. 

" --- -------.:... 
h 
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2) . The Methad of Blackett & parry ~n Relation ta Vary~ng 

circle S~ze 

There was no s1gnificant d1fference between results, using the 0 r~' 

*" 
circle and those established with a 230 nm c1rcle. However, there were 

signif1cant differences between results from \\the 0 

weIl as between the 100 nm and 230 nm circles. 

Results found with the 100 nm and 230 nm circles used w1th the 

method of Nadler were comp~red to those found w1th the same circle sizes 

respectively for the method of Blackett & Parry. No significant difference 

was found between the methods when the circle sizes compared with the same, 

that i5, 190 nm to 100 nm, and 230 nrn to 230 nm. Ho~ev~r, there were 5ig-

nificant differences~hen'cornparing the 100 nm circle used with the methQj 

\ 
of Nadler to the 230 nrn circle used with the Blackett & parry method. As 

f • 
weIl, there were significant differences when compar1ng the 230 nm circle 

of the Nadler rn~thod to the 100 oro circle of the Blackett & parry rnethod. 

\ 

1 
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TABLE II-l 

Distribut~on of Relative Content of Label as determined us~ng 

the Met?ods of Nadler and Blackett & Parr y for 0 nm, 100 nm 

& 230 nm resolution boundary circle 

Relat~ve Content 
\ Expressed as percentage of total* 

" 
\ 

\ 
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TABLE II-2 

Results of X
2 

Comparison of ,"!etho&s and Circle Sizes 

x2 comparison of X2 Slgnificance* 
Method Clrcle Nethod Clrcle (p = 0.05) 

Size to Size 1\ 

couJt 

[' 

Dlrect 0 nm Nadler 100 nm n.s. 

Direct Count 0 nm Nadler 230 nm n.s. 

Nadler 100 nm Nadler 230 nm n.s. 

Direct Count 0 nm B&P 100 nID s. 

Direct Count 0 B&P 230 "-nm nID n.s . 

B&P 100 nm B&P 230 nm s. 

B&P 100 nm Nadler 100 nm n.s. 

. B&P 230 nm Nadler 230 nm n.s. 

B&P 100 nrn Nadler 230 nm J. 
B&P 230 run Nadter 100 nm s. 

~ 

* n. s. = l'not-- significantly different 

~I 

S. = signifl.cantly different 

.l 
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Figure II-A 
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Figure Legends - Part II 

ThlS is a sample of the program prlnt-out 
L 

from the Hewlett-Packàrd (98l0-A) desk-top 

calculator, showing the input data prl0r~ 

to analysis by the method of Nadler, and 
\ \ 

the output data of true graIn counts after 

such analysis. The data shown is for a 

resolution boundary circle of 100 rum radius. 

Due ta llmitations in the present computer 

prograrn, only ~ variables can be acco~odated 

at a ti~e, th~s necessltating 

.~ 
more than five organelles, by 

analys..l..s'for 
. \ 
\. .1 

Inp1ud1ner at 

least two different groups of .5. \ shown frr_ J 

8 variables in this case. 
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Input 

Exclusive Grains ---------

Nucleus l:;. ,_,' 
rER :---:- • ::,)~ 
Mi tochondria 1 3 . (, ':;­
Golgi .::. . (~(1+ 
M!,.mbr!.nes _ 1 .::. • (. ,)-.;: 

SnareëI -araitis--------
N+R 
N+G 
R+H 
RTC 
R+Mb 
C+Mb 
N+R-foG 
R-+G+Mb 

!o!~!: 
N Vp 
N Vo 

R Vp 
R Vo 

M Vp 
M Vo 

G Vp 
G Vo 

Mb Vp 
Mb Vo 

Output 

t,.(~1~ 

0.·::0+ 
2!:.~'J"" 
2. ~}I.j-+-
7.üO..­
ü.~);)+ 

0.00'" 
(l.üO" 

17'.1:0'" 
16. :'0:" 

4t;:. .'60'" 
44.40-.. 

3. S~)+ 
1. :.(1+ 

4.1lf:t" 
3. (~(1.04;-

16'3.eo 

Loop Number ,,"3 • C (1 ~ 
8ensitivity(p) Ü. €'S 

Iterations 545. Cl D 
TRUE COUNTS 

Nucleus 
rEl 
Mitochondria 
Golgi 
Membrane. 

18~E;'~ 
108.22 

.").-:- c·:-
l- ...... '_1 _. 

4. 10 ' 

± S.D. r~)' .:! 
~O!!P~t.! t!o.!! !i!!t'_ 

Hours Ü. (tÜ 
Minutes 0 5 • Ü') 
Seconda 3t." ~=·u.) 

End Print 
/ 

Input 

Exclusive Grains ---------
Colloid 
rER ~----. :., ... -

li", .l _"-

Lysosomes 2 . .:. ,) + 

Ap. Vesicles 11. ~!!)­
Membranes l -+ • ~:'.}-

iharëd-GraT'ns ------
C+R 
C+Av 
R+L 
R+Av 

. R-H1b 

Av+Mb 
C-HHAv 
R+Av+Mb 
-yolü~s: 

C Vp 
C Vo 

R Vp 
R Vo 

L Vp 
L Vo 

Av Vp 
Av Vo 

Mb Vp 
Mb Vo 

Output 

1.OCt--
3.ü~-
e Cl~1';' - .. - -
~ --,. • !:.',.J ..... 

~ -1).00...,.. 
0.00-:0-
O.üO'+-

1:3.7(1-r 
1:::.30':': 

46.60~ 
44.4.).,.. 

1 .. 7lH­
~'. 70-+-

2.41)+ 
1.70t-

5. :30:.-
4. 7(1"1:' 

147.130 

Loop Number 
Sensitivity(p) 

3. Ory .... 
0.05 

Iterations 54'5. 00 
TRtm COUNTS 

Colloid 
rER 
Lysosomes 
Ap. Vesicles 
Membranes 

1:31165 
97.22 

2.44 
13~ ':,2 
15.07 

± S.D. 0.01 
Computation Time 

Ho;r;;- - - - - 0.00 
Minutes 
Seconds 

End Print 

5.0;) 
36.00 

,,/ 
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Figure II-B. This is a sample ~f the computer print-

". 

out supplied after'analysis by the me,thod 

of Blackett & Parry, which incorporates a 

minimising subroutine. The distribution 

of hypothetical sites and sources of radio-

activity are se en under the heading "Original 

Crains. " Rea l grains (RG) are compared wi th 

. hypothetical gr;ins (HG) and the best X2 fit 

is determined, as shown in the lower rows of 

"" 9ata. Resul ts derived are for a: resol,)1tion 

boundary circle'of 230 mm radius.! 

, \ 

O. 
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ENTER (YAN)UAL-.AUTI/I idA' (FIX)EU x­
? auto 
• -:4 X STARTING VALUl:.5 
? 1.1.1.1.1.1.1.1.1.1.1.1.1.1 

NKN SLK IPRINT ICIilN MAXIT' ESCALc"E 
10,) 0 1 200 200 

\ 
è 

·10OLCAI.a 

, " !4RIÇ,lNAI" GflAINS 

51 Tt., R \ ft C Av \ H ,L. G lib RioN R+H RiG R+ItJ R...t c+t\v 

rEl' -750- -14- - -6- - -;-- -0- - -0- - -5- -'01- '5;--,"90 - 22- -'21- 62 - - 4' 
ftucle. ,9 3?~ 0 0 0 0 b 1 60 ? 2 1 2 \ 1 
Colloicl 2 0 451 ,:) n 0 0 . 0 0 ~ 0 1 0 36 
Ap. Veaic:le. 4 0 6 24 0 0 0 1 0 '\ 1 0 2 14 
KitoeboGclX'ia15 2 0 3 :2 0 2 , 2 57 1 2 2 1 
LylOloM. 12 1 ~ 0 0 0 4 1 0 ' 0 i- 1 0 0 21 ' C-
CoISi 1f.:;: j) 0 0 0 0 57 0 0 2 24 1 0 0 
Hlllbr..... 41 3 0 0 Q '\ 0 25 2 3 1 73 .3 0 

AG 54 17 1S 7 1 1 1 5 fi S4 6 23 10 3 

HG &Z '" 15 .1 0 '\ ., 3 6 'i S2 :3 22 10 3 
.~~ " 

X2 1-0 -, .(1 (l • (l. C!. (1. ·2 .f. 'C O· '. 1 -(1 Q. 
>'>. ' \ r - .. rw:rAL SCl:AflEn :zoO ~1 TH 7 !:.Er,REE 5 "'10 ~ ns.:I:.DiÙ\ ÇHI 

"' .-
., 

~ 

CIilUPUTER FU WITH EST~I.:IATEû STO - EP.~P.S 

" ,1 

S~URCE o GRAINS/CAIO PIZIINT REL' ACnVITY REL' AREA 

rD -053 :t -011 32-' 5-7 ,.-_ ' 47'0 :t -0 

ftue1"ua \ -C41 ± -014 9-:2 :!: 3-~ 17-4, ± -'1 
Çolloid -033 ± "\014 8-0 :t 3'-6 16-9 1: -6 
Apical Velic:l •• -0~9 :t -061 -7 :t"1-3, 2-0 :t 0:; 
Mi tocbcmdria -719 ± °096 31-4 :t 3-4 3°4 :t: -4 

.L~o._. --203 :t -206 3-9 :t :;-6 105':t -3 
C01&1" ,·019 ± -067 -9 :t é: -8 1 4-0' + '\ -4 

13-n -! " 
Mellbr ..... -\87 ± -051 è 4-0 

~ 
s-a ± -5 
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F~gure 'Legen(js - Part Il 

'1 
Figures II-l ta II-S. Electron microscope rad~9c;tutoraphs of rat 

~Y~O~d ' ~ 
,- foll~cular cells, four hours 

after inJect~on of 55peCl3 (kindly 

'\ \ 
sup~.i!d by Dr. S. A. SassaI, fonnerly 

l , 
r. J 

of th~s,Departrnent) . X 30,000 
.' 

't- N' nucleus <:' 

., 
M rnitochondr~a 

~ 

G Golg~ 

rER "" ~OUg~ end6plas~c reticulurn 

lem :Lateral cell membrane 

Apical vesicl~s 
r"~~ 

av . , 
'-, rnv MicroVl,ll.l\ djjacent )to colloid -' , 

-• t" , 
Note sil ver gr-a1.ns over nusleus, rER, 

lateral ce II membrane and rdicro-

villar 
1 

~ \ ;r:eg10n. ::;., 

m\thdd '1 
F~gures IIr:l II-3. With transparencies super1.mposed for the to 

+ • 

of Nadl.ler. ~ 

• 
superimposed·for 

"i 
F1.gure II-4. oWith transparency the rnethod 

\0. 

! of Black..ett li h~ry.··· 

. \ Figure II-l. POint-hit transparency superirnposed over radio- . 
1 

. , 
\ 

"t 

assess relative \~eas 9lutograph to of organelles. 
__ ~ .. ..,.4' ",,/ ' 

.'-"r 
~ 

\ . , ' ~- \ 'l- ,1 
1 

œ 

l \ 
t ~ 't$( 0 \ 

\ .1 ~ 

'. 
1 

N, 

\ .. 
< 1 0 

\ ~ 
~ 

,'"\- ,'- _:"':-w _, "_ --:-:-.......... -::::-....... 1:"'"tI-~~r.;;;r---t-'"T,-'\·~-'~ ..... .,---
~~~,.:.~J .. .:; ~:i' n ... 
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\ ~ Figure 1I-2'~ 

\ 

J 

\ 
\. 

\\ 

" 

\ 
• 

Circle-hit transparency super-

imposed over ra~~aautograph ,to 

assess relative dif.fusivity of 

o 

organelles. \irCles, are equi ~alent;.1 

ta resolution boundary c~rcles of 

230 nm' radiu~. 
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\ 

Figure II-3. \ ~ 
Çi~cle-hit tr~sparency super-

\ 
imposed over radioautograph. \ , . 
Circles are equivalent to r~solu~ 

tion bqunàary circ les of 100 ~m. , \ 

D 
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, 1 

"Figure II-4. ':~ Transparency of the form suggested 

_.! 

\ ... 
\. 

by Blackett & paJry (1973) super-

imposed over radioautograph. It 

consists of a uniform distribution 

of points (hypothetical radioactive 

sdurces), fram which are derived 

sites of hypothetical gr~ins, cir­

cumsc~ibed by bath a 100 nm and 

230 nm radius resolut,ion boundary 

circle. 
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Fig;ure II-S. 

\ 
\ 

\ 

l 

l, 

This shows an example of the ptoblern 

encountered in deterrnining the ~rue 
....... 

source of radioactivity from electron 

rniirosc~pe radioautoqraphs. Arrow 

indicates filarnentous type of grain 

shared by more than one organd~le in 
~ J 

the tü;s'lte section. possibte locations 

o 

of the radioactive source which produced 

this grain include:- mitochondria, rER, 

cytosol, l~teral\Cell membrane and 

perhaps Golgi. 
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PA~T III ( 
MATERIALS A..l\lD METHODS 

Comparison of Techniques used ~n Assess~ng Grain 

L-, 
Dis tribtlt~ons in Elec 

1 
Based on Stud~es of Hypoi:.'Jet~cal T~sSue Standards 

l \ 

In this analysis, the quantitative me~hod of Nadler (1971) was 

stud~ed u. relation te that O{ Blackett & parry (1973), using "Hypethetical 

Tlssue Stan'dards", prepare'd Wl th the aid bf photography and compm:Jr gener-

ated randpm numbers and angles, as descr~bed in the follow~ng procedures. 

A. Preparat~on of Tissue 

The thyroid glands and liver tlssue of male Sherman rats were 

chosen for the construction of hypothetlcal tlssue standards. < 

(Acknow1edgements to Dr. S. A. CassaI, Dr. J. J. M. Bergeron and 

Mr. G. Batky for providing electron mlc~ographs of these tissu~s.) 

Anlmals were sacrificed by ~ntra-~ar~ac perfusion of 2.5% 

glutara1dehyde in buffer. Tissue~were treated for routine electron 

m~croscopy and embedded in Epon. 'l'hln sections were cut and post-stained 

wi~ uranyl acetate and l~ad eltrate. " \ 

." 

B. Preparation of HYpothetical T~ssue Standard Composite Photographs 

Ele~tron micrographs were analysed, the photographie images of 
,... At# 

specifie examples of organelles were chosen, and then eut out of the paper~ 
\ ) 

with seissors (nucleus, mitochondrla, rER, Golgi>. The "eut-out" images. 

of these organelles were then re-photographed with an Asahi Pentax 35,mm 
f 

Sin'gle Lens Reflex camera and the developed prints proeessed at various 

specifie magnlficatlOns (5 dlff~rent w~gnlficatl0ns for the nucleus; 3 
J 

1 

1 

l' 
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dlfferent magnificat ions for other organelles), ln order to produce 

varlous sizes of the same organelle images (see Table III-A). 'l'hesé 
J' 

J 

images were then cut, out of the photographie paper, as before, with 

scissors. They w:re then placed on a~lank paper baC~grOUnd, acèordlng 

" to the following conditions. 

The background was placed over a 100 X 100 11ne, 2 dimensional 

matrix grid, nurnbered from 1-100 on both the X and Y axes (on 'Albanene' 

guideline prepared tracl.ng paper; Keuffe1 & Esser, Il'' X .. l~h", CatI No. 

10-5663). This, in turn, was placed over a standard fluorescent X-ray 
, 

viewer, positl0ned horizontally Qn a desk-top platform. With the X-ray 

viewer illuminated, the grid Ilnes coul~be visuallzed projecting through 

th~blank paper background overlying them. Wlth the fluorescent screen 

turned off, the grid lines disappeared, and wlth the raid of overhead 

\, \ 
lights the image of the clear backgro~d was ll1~hated. By using a 

b 

s,et of computer generated random nuInbers (ln co-ordinate pairs), and 
\ .. 
random angles, the eut-out imag;s of organelles were placed in posi~on 

on the background, adhering ta these condltions. Each organelle was, 

\ assigned a specifie polarlty (A-B) 1 sueh that Point A was always the 

reference for the placement of the structure on the grid 11n~ background, 

accordlng to the co-ordinate'\pairs of random n,umbers generated. Keeping 
! 

! 
1 

Point A fixed, Point B was rotated according to the random angles generated 

by the computer. (The horizontal axis of the photograph was designated as 

1800 or 'East-West'.) 

If a,position was already occupied by a pr~viously placed organelle, 

• 
the numbers associated with that aiea were eliminated and new values for 

,.. 
random placement were chos~n. Thus, no two structures could 6verlap"each 

other, but could rest closely together, as 15 found with org~elles seen ~ 
, 

t;l 

.' 
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in aè~ual electron mlcrographs. 

1 
In thlS w~y, a serles of 33 dlfferent composlte photographs was 

prepared, by alterlng from one to the next, the Slzes of the organelles, 

~ 

the quantlty of the same organelles and thelr random (predicted by Œ~m-

puter) posltions witni~ the conhnes of the 8" X 10" area assigned as 

the background cyp,osol (see Table 111-8) 1 Each separate compositre 
~' \ 

hypothetical tissue standard was then photographed with an Asahi P~ntax 

, J "U \ 
35 n@ SLR camera and the developed print was enlarged on photographic 

paper so that the final composite photograph would be the same Slze as 

it appeared ln the origlnal layout (l..e. 8" X 10") and thus, size com-

parlsons could be mad~ with' actual electrqn microgr~phs for investigative 

study (see Flgures 1-33), at equivalent magIllficatlon. 

o 

c. ~reparation of Transparencies Necessary for Quanti tation 

~) Quantitat~on by the MecllOd of Nad1er (1971) .• 

For the quantltati~e analys15 of Nadler, point-hitiand circle-hi~ 

transparencies we~e used to de termine the rélative volumes and dl.Spe~SiOlt~ 
. 1 

of organelles withln the composlte photographs. Sepatate transparencles 

were also used to include uniform arrays of 100 circles with radii equiv-

\ 
alent to either 100 nm or 230 nID. The circ les qn these transparencies 

• 
acted as resolution b~undary circles, 'anq structures withln them were 

recorded as-if there were a silver grain witqin eact circle. In other 

words, ~ach clrcle wasOassumed 1 ~ircumse;ribe a-grain, based on the 

'rationale that ,an "ideal" uniform incorporation of radl..oactivity lnto aIl 

cellular" c6Int>a.ftrnents would produce an "ideal" o uniform display of ~iHrer 
9 

\ 
gra}ns (Nadler, 1971; Blackett and Parry, 1973). 1 

,\ 
'1 

C> 
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The distn.bution of exclusive and shared "grains" was scored for 

each composite and this lnformation, in conjunctlon Wlth the polnt-hits 

and clrcle-hits, ~as assessed f~r both clrcle Slzes, and for every 
• f 

individùal Co~poslte tissue standard. The corrected (true) grain counts 
( 

were evaluated according to the ~ormula for the solution of a system of 

non-linear equations (Nadler, 1971), as previously described ln Part 

~I C{~). In this case, since only flve organelles were analysed, ~t 

was necessary to run the computer "program only once f~r each composite. 

Under the clrcumstance whe're a nil resolu~ion boundary circle (0 nm) 

" was considered, "grain" counts were designated by scoring the structure 
.;y. 

directly underlying the centre of the.qlrcle on the transparency which, 

in effect, was the same as scoring the· point-hits as "grain" counts. 

Since relative concentratl.on of label is èquivalent to the ratlo 

1 

of percentage grain counts to Pfrcentage area, then the relatlve concen-

tration, established by using a 0 nm resolution boundary clrcle; wa~ 

equivalent to 1.00. 

" 
ii) Quant~tation by the Method df Blackett and Parry (1973) 

For the quantitative analysis ~f Blackett and Parry, transparencies 

were prepared according to the fOfIDat requlred, -as descrl.bed in Part II 

\ 
C(ii). With these transparencies, the distrlbution of hypothetical 

sources and sites of radioactivity was determlned for each of the hypo-

thetical tissue standard composites. fte designation Of! "real grains" 

was made by usi'hg a grid of uniformly distributed cl.rcles (laD), with 

radii equivalent to either 100 nm, or 230 nm, in exactly the Same manner 

as "real" or "observed" grains wu:re determinéd in the analysis of the 

method of Nadler (Part III CCi»~. 

.. 
., 

\ ' 

1 
l 

l 
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~i~) Com~;;;ison of Results Denved frarn bath Quant:~tat~ve Methods 

The results of both t'echn~ques, being the 'corrected' or 'true' 
1 

results, were transla~ed into un~ts of relatlve activity or content and 

relative concentration of 'lal)el' ?ver orga,nelles ~n the compos~ tes, in 

order to determine the similar~t~es and dlfferences ~n the methods when 

put into pract~èe. The importance of the res~lution boundary c~rcle 

s~ze, and in ad~ition potential deflcienc~e5 of one method as opposed 

ta the other, were evaluated. 

Based pn \he assumption of un~forrn activlty throughout the tlssue ~ 

compos~te, the "~deal" concentration value was expressed as unit y (l.OO). 
/ 

Therefore, the corrected results were compared to uniform actlvity and 

expressed as a percentage of variation from thlS value (Tables III-3 and 4) 

~ere applicable, statistical comparisons were a150 made, using the X2 

test of slgnificance for two sets of observed data (Freund, 1962). 

Tab1e~ and graphs were organized from th~5 Lnformation and 

demonstrated for comparative ~nvestigation (see Tabies III~l ta 12a, FiJo 

III-A, B). 

( , 

J,) 
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TABLE IlIA 

*Areas of Organelles used ~n Construction 

of Hypothetica~ Tissue Standard Comoos~ tes 
~ ~\ 

Organelle Size (X) 
Avg. Area 

± SD 
Area 

crn2 '''Rat1os 

NUCLEUS ! X 12:15 .05 o .2'5 

1 X 48.30 0 l 

H X 105,27 .70 2.18 

2 X 187. 78 ~ .38 3.89 

2! X 295.80 .78 6.12 

MlTOCHONDRIA ! X. 0.42 .10 0.14 

l X 3.03 .06 l 

2 X • 11.13 :20 f' 3.67 
\ 

ROUGH ER ! X 12.98 .33 0.23 

l X 57.77 .61 l 

2 X 205.47 1.37 3.56 

GOLGI' ! X 2.07 .12 0.25 

l X 8.20 .10 1 

2 X 31.47 .15 3 .84 

CYTOSOL 508.95 

* Areas were assessed by ptanimetry(Hirsch, Zelickson an~ 

Hartmann, 1965), and express'ed as theJaverage of 3 readings. 

, . 

" .. 
The l X size was the original size as se en in the e1ectron 

mic~ograph from~hich organelles were chosen. 

For the nucleus, this magnification was 12,750X. 

For other organelles, it was 30,OOOX. 

(ô. 

i.t{... 

,"",. ,."' ... ......,. ....... ~-_....".---c. ' .. ,.-r,,.-.. -::",..,,.,--.,-.... ____________________________________ ---
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TABLE IIIB 

• • Si zes and Quanti ties of Organell es :?os~ ti oned Rqoooml y 

within Cytosol, in Hypothetical T~ssue Standard Composites 

Composite 
Organelles 

Number 
c:. 

NUCLEUS ROUGH ER GOLGI MITOCHONDRIA 

Size(X) , Q. * Size Q. S~ze Q. S:i,ze Q. 

1 ! X l ], X l l X 1 1 X 10 
~ 

2 ; X 2 " " 

3 l X l Il " Il 

4 - 1 X 2 " " Il 

5 11 X l " " " 
6 2 K ·1 " 

7 2, X l " " Il 

8 1 X 1 ; X. l 1 X l 1 X 10 

9 " ; X 2 Il " 
10 Il 1 X 2 " t " 

II " 2 X l Il , " 

12 1 X 1 1 X l ; X l 1 X 10 

13 Il " ; X 2 " 

14 Il Il l X 2 Il 

15 " " 2 X 1 Il 

16 Il Il 2 X 2 Il , 
" 

,\ ;11 

" " 

1 
(continued) 

41 0 

.1 1 --7--
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r' TABLE IIIB (cont1.,pued) 

Sizes abd Quant;ities of Organelles Positioned Randomly 
li ' 

• 1 
w1.th1.n Cytosol in Hyppthetical Tissue Standard Composites 

or. " .~,~--------------------
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RESULTS - PfI.flT III 1 
l, 

The methods of quantitat10n and ~~e Slzes of the resolution 

boundary clrcle were analysed US1~g hypothetlcal tlSSue standards ln the 

forrn of composite Photo~r~s, as se~ ln Figures I11-l to III~33. Data 

~, 15 g~ven ln Tables 111-1 t~II-12a (also see sample prlnt-out Flg. 11~-C, D). 

Results demonstrating the relative ,Content o.f label as determined 

using the method of Nadler for the 0 DM, 100 nm and 230 nm clrcle sizes, 

are shown in Table 111-1. 

A) 

Result~ method of Blackett & Parry are shown ln Table 111-2.' 

Comparlson of Re~tlve Concentration of Label 

I. Variatlon from uni t Concentration 

Relative concentratiln, of labeî was determined by the ratlo of 

relative content of label in an organelle to the relatlve area of that 

organelle. Since there was an assumed unlform distribution of label, 

relative content ideally should have been the same as relatlv~ area for 

aIl orgÇlnelles. Thus, comparisons of the data derl ved by the two methods 

and circle Slzes could be made on' the.basis of the observed variat10ns 

from the assumed unit concentration. Table 111-3 shows a cornparl..s,on of 

the averages of variations of, the 'Î6orrected" or "expected" data from unit 

concentratlon (1.00), expressed QS percentages. That is, a concentration 

value of 1.50, for example, would have been a varlation of 50% from unit 

coneen tration . In order to derive the average vaJiations, varlation of 

aIl 'like' organelles from,all composites (i.e., rER from cornpo~ites 1-33, 

nucleus from composl..tès 1-33, etc ..• )were determined, such that the ~alues' 

ln Table 111-3 represent the averages of aIl variations for eaerr organelle 

of aIl the composite hypothetlcal tissue standards. 
-'l 
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• .( 

The average percent ~arlations fro~ unlt concentratl0n dld not 

differ markedly on preliminary lnspectlon. Detal1ed analYSls was made 

using the X2 test of ~ignificance for t~o sets of observed VaIres 

(Freund, 1962). A confidence level of 95% (p = 0.05) was chosen ~S 

statistlcally signlflcant. 
1 

The results of thèse tests are shown' ln 
fi 

Table III-4. I( 
1. Average of Var~ations AlI Organelles, ir)cluded 

a) Method of Nadler - Compar~son of C~r9le S~zes 
(; 

Results :derived from both sizes of resolution'bound~ry circ le 
1 

showed no significant dlfterence between ~~em. The data from the 230 nrn 

circle however, did show a conslstently greater variation from unit con-

centration than that of the 100 nm circle.( 

, 
b) Method of Blackett & Parry - ~o~pdrison of Circle Sizes 

l" Tne average percentage vQriations from unit concentratlon were 

not slgniflcantly different in refere~ce to the comparison of data d~rived 

using either the 100 nm or 230 nm circles. 

c) Compar~son of the Metho.p of !';adfer to tha t of Blackett .& Parry 

There was no significant difference found between resul~s derived 

wit~ either the 100 nm circles from bath a~alytical methods, or between 

the 230 nm clrcles from bo-th methods. :'~oreover, cross-reference comparisons 

of the 100 nm circle of one method ,to the 230 nm circle of the other 
1 
1 

method showed no significant ,difference between average percent variations 
, 

from unit concentration. (When considerlng aIl five organelles, the average 
• 1 

1 

percent variations of ~e five collect1v~ly were, for the Blackett & Parry 

method, using the 100 nm circle, 56.4%, while for the 230 nm circle it was 

1 
1 
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6 1 54.2%. The method of Na~ler, using a 100 nm ctrcle, showed an average 

varl.ation of 37.3%, wh~le for the 230 nrncirc;:le ~twas 56.7%. 

2. Averages f Var~ations 

(Includipg organelles l, 2, 3,only (TER, cytoplasm,. nucleus) 

As will be discussed in more detail late"r, apparent dl.fferences 

between sorne of re results may have ~ been due to the occurrenCE: of rela-

1 
tively low',percentage area or low percentage labelling of sOlile of the 

\ " , 
organ!=lles in these hypothetical tissue standards. This was truJ especl.a.1ly '\ 

1 

in the case of the Golgi apparatus and rrutochondria (~ganelles 4 and 5) . 
~, 

In many of the composites, thes,e structures account for only 2 ,to 5, of 

ei ther \he total area or total label. For this reason, minor variations o~ 

in relative content became" vastly increased whery converted to percentage 

varl.ations of concentration. For example, if the relative content of 

label in the rER was assurned to be 50% but analy~is determined i t to be 

40%, th~s 10% difference in relative' cont~t woUld be calculated as .a 20% 

variation in relative concentration. A sample calculation follows,: 

Actpal variation in concentration = O.5OJ 0.40- 0.10 (A = Area) 

Percentage variation = 
0.10 

A 

A 

0.50 
--= 

A 

---
\ A 
~) 

A 

0.10 X 
A 0.50 

,- 0.2 X 100% 

20% variation. 

Continuing this rationale, if the relative content of label in'th~ 

~ 
Golgi was assumed to be' 2%, but analysis show~ the qolgi to contain only 

1\ of the label, then thi1> actua1 d,ifference of only 1% is interpr~ted as 
\ 

a 50% variation from the expected concentration (i.e., 0.02 - 0.01 :;: 0.01; 

but 0.01/0.02 = 0.50 X 100% = 50%). Thus, with such small structures, 
1 

considerab1y minor,variations appeared to be much greater than they, 

actua11y were. 

It was therefore decided to compaie the results of both methods and 

1 
1 

l 
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~rcle s~zes for only the first ree organelles in each çornpos~te group. 

By oml tt~ng the da ta for the Goi ~ and mi tochondria, the average pe rcen t 

variations were diminished to ab ut'half the or~gipal values. As it 
1 
1 

were, by elirninating these generally small structures with lo~ labell~ng 

(about 2 to~5% for bath), the avera~e percent,variat~on drapped fram 55% 

---è1own to 30% foi the method of Blackett & Parry, and from 47% to 25% for 

the method of ~adler. 

IpigUreS III-A and B are histograms portraying the percentage vari-

~ion from unit concentration of the results for the rER, cytoplasm and 

nucleus. The data represent'the percentages of individual values exhibit1ng 

.-J 
variation, rather than the averages. The distribut~on of variations deman-, , 
strates that the majority of the values were within a variation of 50% from 

unit concentration. 

3. Comparison of Underestimates ta Overest2mates 

As previously described, individual variat~ons were determined in 

order te compile the data for 'average perc~t variations from a uniform 
y 

d1stribution of label. For each composite, ind~vidual concentrat.l.on values 
\ 

~ \ 
observed were either equal to, ~igher or lower than the assumed un~t value~ 

~' 
H'igher values ( + ) were' considered to be overestimates, while lower values 

Il 
( - ) were interpreted as underestimates .. These data are shown in Table 

. III-5. 

a) Method of Blackett & Par 
tJ' 

The use of this method prod ed appraximately equal numbers of 

overestimates as underestimates on whole~ but not nec~ssarily from 

within each composite photograph studied.' FO~ the 230 nm circle size, 

about 2% of alil Piedi~~iOn.S were determined precise ly -as uni t concentra tians. 

~ 

1 
f 
l 
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b) , Met:hod of Nadler 

T,he mèthod of Nadler demonstrated a blas for underestimatlng con-
r 

centration values. About 70% of 13.11 "corrected counts" derived by uSlng 

a 100 nm circ le were less than unlt value, whlle for the 230 nm clrcle 

almost 80% of ~e results were consldered as underestimates. 

B) Comparison of Relative con~ent of Eabel 

Tables 111-6 to 11I-12a demonstrate results of the application of 

the X2 te~t of significanc~ for;two pets o~ observed data. Comparisons 

we~e made between both methods and circle Slzes. Table III-Il is a ' 
, , 

summary of the determination by X2 of the organelles responsible for diî-

ferences oqserved from composite to compo,site. 

I. Comparisons of Indi vl.dua1 Composl. tes 

1. Method of Nadler 

a) Comp'a.rison of 100 nm to 230 nm cl.rcle 

Results of these tests are shown in Table 111-6. Where data for 

. 
"exclusive + shared" grain count:s prlor to analysls were shown ta be dif-

ferent between circ le ,sizes, the exclusive counts alone were not slgnlfi-

cantly different. 'Therefore, as would \e e,xpectee (Nadler, 1971), any 

difference~ were attributabl~ to diff;Yces in the "shared" grain counts 

deterrnined by the two differing cire le sizes. The "corrected" counts, 

however, 
/-

( " 
ni:Ç.i.~ant 

produced after analysis by ~e method of Nadler, showed no sig-
". 

~)r 

differences, regardless of the cirele size used for the analYiis, 

for aImost aIl composites, but for one exception. This was seen in Com-.. 
posite 25 (Fig. 25). Fu~ther X2 analysis, as shown in Table III-Ga, . '. 

determined that the tlifference was due te organelle 4, the mitochondria. 

" 
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, 
b) Compari~on of the 0 nm c~rcle tQ the 100 nm and 230 nm circles 

Table 111-7 shows the results of the x2 test of significance for 

two sets of observed data, on the comparison of "corrected" counts from 

the 100 run 'to 230 run circ le sizes, to those derived using' the nll resolu-

tion ~oundary circle. 

i) Comparison of" th~ 0 nm to 100 nm circ1e 

The results of the 100 nm clrcle were significantly different for 

only one of the thirty-three composltes studied. This was Composite 27 

(Fig. 27). Further X2 analysis (Table 111-7b) enabled the determination 
j 

of thé source of dlfference as having been due ta a di fference,j in data for 

organelle 4, the mitochondria. 

i~) Comparison of the 0 nm to 230 nm c~rcle 

Results for 19 of the coroposites llsted ln Table II1-7 cllsplayed 

significant differences. When additional X2 tests were applied ta the 

data for organelles l, 2 and 3 only (Table 1II-7a), results from aIl com-

posites were not significantly diff:;rnt in relatlon ta circle ~ize. Tne 

cause of the differences in the results of these\analyses was a difference 

in data between circle sizes for the ~itochondria and Golgi. 

2. Method of Blackett & Parry 
'~ 

Results bf X2 tests of 
.-

signific~ce for comparisons of the effects 

of resolution boundary circ le size on the method of analy~is are shawn ~n 

Table 1II-8. 

i) Comparison of the 100 nm ta 230 nm circle 

Of aIl the hypothetical tissue standards studied; eight of these 

differed regarding their assessment by the twd circle sizes. Results of 

f~ther X2 testing'shown' in Table 1II-8a, allowed the sources -of the differences 
" 

o 
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to be determIned l and were due to ~lth2!", the small size and low relatIve 

content O~label in one or more of L~e or~anellesl or to the diffuse d~s­

trlbutlon of sorne of the organelle~, In particular the mltochondrla. 
" 

ii) Comparison of the 0 nm to 100 n~ c~~cle 1 \ 

In this study, results fro~ flve of the composites showed 

signlflcant differences (Table 111-8), The difference~ were investlgated 

and were found to be due again to the SMall size of the or~anelles ~n 

question (Composites l, 2, 12) 1 or as in ç~o of the composites (Figs. 10, 

30), to the diffuse extent.of an organelle. 

iiiJ Cornparison of the 0 nm to 230 n~ c~rcle 

Slgniflcant differences were shown ~etween the nll and 230 nm 

circle in fIve of aq the compos~tes. Three of ·these composites (Figs. 

'l, 2, 30) were the same ones in WhlCh differences were seen in the 0 nm 

to 100 nm circle comparison. ~gain ~~e cause of the discrepancies appears 

to be the srnall relative size and low relaq.ve content' in organelles, or 

their dispersion, especially with reference to the mitochondria and. 

Golgi. 

3. Cornparison of Each Method to the Other 

i) Comparison of Re~ults of the 100 nm Circle 

Use of the xF test of significanc: was made. Results .. from eight 

of the composites were found to be significantly different (Table 111-9) ~ 

Again, the organelles causing the difference were comparatively small or 

comparat1vely diffuse (see Tabl~ III-Il and appropriate figures of com-, 

posites), and the majority were due to rnitochondria or Golgi. 
\ 
1 • 

ii) Com'parison of Results of the 230 nm CJ.rcle 

Re~ults from 15, or almost half of the c?mposites, show~d significant 

,: 
1 
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differenc~~ between the methods for the 230 ~~ c~rcle, as seen ~~ 

Table 1II-9. In Table III~9~, results' of further X2 analyses are shown, 

Wh1Ch determined the sources of these d1fferences. The m~tochondria and 

Golgi were responsible for d~fferences 1n 10 of the 15. As weIl, for • 

the others, it was noted that either the small size -or diffuse surface 
1 
1 

the organelleswere involved in causing variations in the data. 

Iii) Cross-reference ComparIson of the 100 nm'Circle (Blackett & 

Parry) to the 230 nm Circle (Nadler) 
, 

Tables III-IO and III-IOa sho~ these data, results of the X2 test 
• 

of significance. Where there were differences in sixteen of the CGm-

( n 
pos~tes, the1r causes\were determined to be ~ue mostl~ to the m1to-

chondria and Golgi, but in general to the smaller size or greater 

dlffuS1Vlty ~f a structure. 

iv) Cross-reference Comparison of the 230 nm CIr e (Blackett & 

parry) to the 100 nm Circle (Nadler) 

Once more, referring to Tables III-IO, 10a an~ Il, results are 

shown' of X2 analyses. Results from six of,the composites displayed sig-
, 

nificant differences. The sources of the differences were determined. 

In this case, however, the reasons for the differences were no~ ~o~ 

apparent, since the causes varied for each composite and were not neces-

sar1ly attributable to the size or diffusivity of a strùcture. 

II. Average of Relative Content of Label in Organelles from ail 

Composites 
o 

The relative cont~nts of like organelles from aIl composites (i.e., 

rER from composites l to 33, nucleus from cornpo~ites l to 33, etc ••.. ) 

were averaged and the data were compared by X2 analysis for differences 
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"41 
between clrcle S1zes and bath meth,dS. 

Table 1I1-12 shaws that results appear ta be consistûnt regardless 

of circle size or method used. ~Res~lts by the me~d of Nadler sllowed a 

'tendency towards underestirnatlon'" of smaller structures (less relatlve \\ 

> ~~ 
arèa) , and overestimation of much larger ~tructures, for e~ample, the 

o 

1 cytoplasm. However, as shown in Table 1II-12a, the differences in total 
/1 

distribuban were not S~gr'l."lcant!1 as determined by x2 (p = 0.05). 
1 

4 
1 This was the case for aIl analysés made, with but one exception. 

Of the averages compared according to method and circle size, the com-

parison between the Blackett & parry"-feth::Jd wi th a 100 nm circle, and the 

Nadler method wlth a 230 nm circle dlsplayed.a signiflca~t dlfference. 

Addi tlona1 lnvestigation attrlbuted the (?fference~ ta organe lles 4 an..l 

5~the mitochondria and hhe Golgi. Together, thesè organelles cornprlsed, 
JI 

on the average, only 10% of the total area or label wlthin the hypothetical 

tissue standards. 
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2. 

5. 
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Compo- 100"", 
site No. Circle 

1. 

4. 

7. 

10. 

16. 

19. 

22. 

::ZS. 

28. 

0.0 
95.3 
4.7 
0.0 
0.0 

15.0 
62.7 
22.3 
0.0 
0.0 

10.7 
--37.5 

50.3 
1.6 
~.O 

50.3 
43.3 
6.3 
1.8 
0.8 

7.6 
79.9 
10.4 
1.1 
1.0 

7.1 
58.2 
9.9 
7.5 

17.3 

8.6 
79.6 
7.9 
1.2 
1.1 

2.8 
81.5 
7.2 
1.0 
1.6 

2.5 
61..1 
5.1 

29.2 
2.0 

230 nm 
C~rcl. 

0.0 
93.3 
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0.0 
0.7 

13.7 
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15.0 
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7.6 
40.4 
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4.1 
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"31n9 .. 100 nm and 2io nm ResolutIon 30undaru Clrcl. 
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7.6 
71.7 

B.4 
<4.6 
7.6 

16.0 
65.2 
10.1 
B.l 
0.7 

15.0 
76 8 
7.0 
7.9 
1.1 

11.5 
59.9 
B.3 

17.9 
1.4 

15.B 
54.3 
11.6 
12.3 
9.9· 
6.1 

58.3 
35.6 
0.0 
0.7 

16.1 
63.9 
0.5 
0.1 
0.0 

9.5 , 
75.0-<t> 

7.2 '" 
8.3 
0.0 

14.3 
48.0 
31.2 
6.5 
0.0 

0.4 
79.5 
9.9 
9.0 
0.3 

13.3 
71.9 
6.0' 
8.8 
0.4 

7.2 
71.4 
8.0 
2,6 

10.B 

14.5 
72.0 
9.3 
3.7 
0.6 

16.6 
70.2 
9.8 
0.0 
l.5 
9.3 

60.6 
8.7 

21.0 
0.3 

15.1 
58.5 
19.] 
3.7 
J.4 

14.0 
0.6 

49.6 
32.1 
3.7 

40.6 
58.3 
1.1 
0.0 
0.7 

Rel .. Uv," 
A~e. (\) 

~ 9.0 
'13.2 
10.,.1 
7.7 
0.0 

10.2 
47.0 
32.3 

5.3 
5.3 

2.B 
77.6 
10.2 
9.0 
ù.4 

12.6 
75.2 

8 9 
2.9 
0.4 

5.3 
63.0 
10.2 
11.4 
10.2 

10.1 
79.0 

5.3 
5.2 
0.4 

10.1 
70.4 
9.0 
5.2 
5.3 

11.4 
59.3 
9.0 D 

1B.7 
1.6 

16.4 
,r~.~ 

U.8 / 
18.8 

2.9 

10.2 
27.2 
50.8 
10.1 
1.6 

33.6 
59.5 
~.8 

4.1 
0.0 

• Rel.tive Contents .re d!splAyed in .11 clses for or<J .. n.11 •• *. ID th.s ... stu.U •• reZ"t .. .,. ..... _s equivalent 
to d .. u for Il .... in the following order 1 

1) rU 
2) 'Cytopla_ 
3) Nuel .... 
4) Kitochondri. 
5) CoICJ! , 

! 

1 
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TABLE 1II-3 

/ SummarY'Table of Comparative Analysis of the Quantitat~ve ' 

Method of Nadler and or 31ackett & parry ,/ 

Var~ation from Unit Conc~ntration 

Blackett & parry 1'!ethod Nadler Method 

Composite 
Organelles 

,7 
100 nID circle 230 ~~ clrcle 100 nID c~cle 230 nm c1rcle 

~ . 

1. 
2. 

"" ,3. 
4. 
5. 

rER 
Cytoplasm 
Nucleus 
Mitochondria 
Golgi 

* Excluding value 
\(ca. 4000 %) 

Average of 1-3; 
rER + cytoplasm 

o + nucleus (only) 

Average of bath 
circle sizes 

Average concentra-, 
tian range 

(all organelles) 

Average concentra­
tion range of 1-3; 
rER + cytop1asm + 
nucleus (only) 

Average" of bath 
circle sizes 

42.0 
21.5 
J~. 2 
81. 2 
98.3* 

Averas~ % varlation ~rom 1.000 

32.3 
21. 2 
2·LJ 
89.5 

10';.2 

19.3 
13.2 
16.0 
75.3 
62.4 

45.9 
22.9 
30.3 
95.7 
88.6 

for Golg1 from CQ~?Oslte 12 due to exoeSSlve variatlon 

56.4 

34.2 

0.44 
1. 56 

0.66 
1.34 

0.70 

55.2 

30.0 

1. 30 

54.2 

25.8 

0.46 -
1.54 

0.74 
1.26 

"47.0 

16.2 

0.63 -
1.37 

0.83 
1.16 

0.75 

( 

24.6 

11.25 

56.7 

) 

33'.0 

0.43 -
1.57 " 

0.67 
1.33 

" 
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TABLE III-"4 

Results of x2tests for Comparisons of Average 

Percent variations from unit Concentration 

Comparison X2 Significance 
t1ethod Circle ta Method Circle (p = 0.05) 

Nadler 100 nID Nadler 230 nm n. s. * c 

Blackett & 

Par Il (B&P) 100 nID B&P 230 nrn n. s. 

Nadler 100 rua B&P 100 nm n. s. 

Nad)er 230 nro B&P 230 nm'·1 n.s. 

Nadler 100 nm B&P 230 nm n.s. 0 

Nadler 230 run B&P 100 nm n.s. 

( % 

* not significantly different 

-

1\ 
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TABLE III-5 

\ 

Percen,tage of Underest~mates (-) and Overest~mates (.,.) 

of Individual Percent Var~at~on5 from Unit Concentration 

Method' 
J 

Nadler 

Blackett & 

parry 

100 nm 
% (-) (+) 

70.3 29.7 

49.3* 50.0 

CJ.rcle SJ.ze 
230 nm 

(-) (+) 

78.8 21. 2 

47.2* 50.7" 

* Remaining percentage accounted for by valU~S 
predicted,precisely as ufiit concentration 

(i :"e., no variation) . 

8~ 

, 
1 
j 

1 
1 
l 

l 
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TABLE III-6 

Results of x2 ..comparisons of Data 

Method of Na~ler Comparison of 100 nm ta 230 nm circle 

Prlor to Analysi5 
Composite Exc1us~ve & Shared Exclusive Grain 

No. Grain Counts Counts only 

l n.s. n.s. " 
2 n.s. n.s. 
3 n.s. n.s. 
4 n.s. n.s. 
5 n.s. n.s. 
6 s. n.s. 
7 n.s. n.s. 
8 n.5. n.s. 
9 s. n.s. 

la 1 n.5. n.s. 
11 n.s. n.s. 
12 n.s. n.s. 
13 n.5. n.s. 
14 n.~. n.s. 
15 s. n.s. 
16 s. n.s. 
17 n.s. n.s. 
18 n.5. n.s. 
19 n.s. n.s. 
20 n.5. n.s. 
21 n.s. n.s. 
22 s. n.5. 
23 n.s. n.s. 
24 n.s. n.s. , 
25 s. n.s. 
26 s. n.s .. 
27 s. n.s. 
28 n.5. n.s. 
29 n.5. n.s. 
30 s. n.s. 
31 s. n.s. 
32 s. n.5. 
33

1 
n.s. n.s. 

Il 

p = 0.05 

After Anal~Sls 
"Correcte " 

Grain counts 

n. s. 
n.s. 
n. s. 
n.s. 
n. s. 
n.s. 
~n .s. 
n. s. 
n.s. 
n. s. 
n. s. 
n.s. 
n. s. 
n.s. 
n. s. 
n.s. 
n. s. 
n. s. 
n.s. 
n. s. 
n. s. 
n.s. 
n. s. 
n.s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n. s. 
n. s. 
n.s. 

n.S. == not significant 

s. == significant 

r 
/ ' , , 

j 

" 
~ 
f 
f 
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TABLE III-6a 

\1 
Results of X2 Determination of Sources of Difference 

for correcled Grain Counts 

Composi te 25 

Organelles 
included 

1, 2, 3, 4 

l, t 3, 5 

1 - 3 • 1 

~ 
Method of Nadler 

100 nm to 230 nm c~rcle 
1 

X2 Significarce 
( p = 0.05) 

\, 

s. 

n.s. 

n.s. 

o 
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TABLE III-7 

Resul ts o~ X2 Comearisons of Data 

Method of Nadler 

Compar~son of Corrected Grain Counts 

derived with a nm, 100 nm & 230 nm circle 
Comparison of Compar~son of 

Camp. 0 nm ta 100 nm 0 nm to 230 nm 
No. cird:le c~rcle 

1 n.s. 5; 

2 n.s. s. 
3 n.s. s. , 
4 n.s. s. 
5 n.s. n.s. 
6 n.s. n.s. 
7 n.s. s. 
8 n.s. n.s. 
9 n.s. s. 

10 n·Ei· s. 
11 n.s. s. 
12 n.s. s. 
13 n.s. n.s. 
14 n.s. s. 
15 n.s. n.s. 
16 n.s. 

n~o~~ 17 n.s. 
18 n.s. n.s. 
19 n.s. n.s. 

1\ 20 n.s. n.s. 
21 n.s. n.s. 
22 n.s. s. 
23 n.s. s. 
24 n.s. n.s. 
25 c n.s. s. 
26 n.s. s. 
27 s. s. 
28 n.s. n.s. 

29\1 n.s. s. 
301 n.s. n.s. 
31 n.s. s. 
32 n.s. s. 
33 n.s. n.s. 

p == O. 05 ' 

88 
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TAlj3LE III-7a 

Results of X2 Comparisons of Data 

.'" 

• Dt:ganelles 1-3* only 
Cornpar~son of 0 nm 
to 230 nm c~rc1e 

~ ,~~~r;-~ 

n. s. 
\"',;t, n.s. 

n.s. 
n.s. 
n. s. 
n.s. 
n.S. 
n.s. 
n.s. 
n. s. 
n.S. 
n.s. 
n.s. 
n.s. 
n. s. 
n.s. 
n.S. 
n.s. 
n.S. 
n.s. 
n.s. 
n.S. 
n.s. 
n.S 
n. s. 
n.s. 
n.s. 
n.s· 
n.s. 

n.~. 
n. . 
n.s. 
n.s. 

* organelles 1-3 are rER, 

cytop1asm, nucleus 

" . 
t 
; 

1 
! 
1 , 
1 

l 
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TABLE III-7b 

Results of X2 Determination of Sources of Dlfference 

Composit~ 27 

Organelles 

inc1uded 

l, 2, 3,' 4 

l, 2, 3, 5 

1 - 3 

~ 

for Correc.ted Graln counts 

Method ~f~adler 

o nm to 100 nm Circle 

x2 Signiflcance 

p = 0.05 

S. 

n.s. 

n.s. 

r 
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TABLE III-B 

Results'of X2 Comparisons of Data 

Method of Blackett 
& Parry Comparison of results for relative content 

assessed by a 0 nm, 100 nm{ 230 nm circle 
p - 0.05 

Composite 
No. 

1 
~ 
3 
4 
5 
6 
7 
8 
9 

la 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
,30 
31 
32 
33 

Comparison of a nm 

to '20 ~rcle 
s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

n.s. 
s. 

n.s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. , 

s. 
n.s. 
n.s. 
n.s. 

* 

* due to print-out failure 

(see Table 1II-2) 

Comparison of a nm 
to 230 nm clrc1e 

s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

,no s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s. 

n.s. 
s. 

s. 
n.s. 

Comparison of.IOO nm 
to 230 nm circle 

n.s. 
s. 

n.s. 
n.s." 
n.s. 
n.s. 
n.s. 

n.s. 
s. 
s. 
s. 

n.s. 
n.s. 
n.s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
!;l.s. 

n.s. 
n.s. 
n.s. 

n.s. = not significant 

s. = significant 
\ 

i , , 
. i 
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TABLE III-Ba 

Results of X2 Determinatlon of Sources 

of Dlfference between Circle Sizes 

.. 
Method of Blackett & Parry 

Comparison -Composite Organelles X2 Significance 
Number lncluàed (p = O.OS) 

a nm circle ta 
l l, 2, 4 n .. s. 

100 nm cÙi::)le 2 1 - 3 n.s. 
1'1 é10 l - 3 s. }} 

, , {la 2, 4, 5 n.s. } 

12 -1 - 4 n.s. 

l30 1 - 3 s. } 
{30 l, 4, 5 n.s. } / Onm circle ta 

230 circle' 
1 l - 3 n.s. 

nm 
2 1 3 - n.s. 

n 1 - 3 n.s. 

l30 1 - 4 s. }} 
{3Q l, 3, 5 n.s. } 

32 l - 4 n.s. 

100 nm circle ta . . 
{{ 2 1 - 3 s. ~ 230 ru;n circle {2 l, 2, 4 n. s.} 

llO 1 - 3 s. }} 
{lo l, 2, 3, S s. } 

10 2 - 5 n.s. 
11 l - 3 n.s. 
12 1 .,.. 3 n.s . 
16 1 - 4 n.s. 
21 l, 2, 3, 5 n.s. 
30 l, 3, 5 n.s. 
32 l, 2, 4 n.s. 

1 
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TABLE III-9 

Results of X2 COMpar~sons of Data 

Comparison bf 100 nm'and 230 nm circles 

for Methods of Blackett & Parry 'and, Nadler 

.' 

92 

p = 0.05 

Composite No. Compar~son of 100 nrn circle 
for~ethods 

Comparison of 230 nm circle 

1 
2 
3, 
4~ 

( ) 

~ 

5 
6 
7 
8 
9 

10 ' 
11 
12 
1~ 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

n.s. 
s. 

n.s. 
/ n.s. 

n.s. 
n.s. 
n.s. 
- * 

n.s. 
s. 

n.s. 
s. 

n.s. 
n.s. 

''f n.s. 
n.s. 
n.s. 
s. 

\ n.s, 

" n.s. 

Q 
s. 

n.s. 
n.s. 
n.s. 
n.s. 
n.s 
s. 

s. 
n.s. 

s. 
n.s. 

* failure to print-out appropriate data 
, r 

n.s. = 
= s. 

'not significant 

significant 

for both methods 

n.s. 
s. 
s. 
s. 
s. 
s. 

n.s. 
n.s. 
s. 

n~s. 

s. 
s. 

n.S. 
n.s. 
n.s. 
s. 
s. 

n.s. 
n.s. 
s. 
s. 

s. 
n.s. 

s. 
n. s. 
n.s. 

n.s. 
s. 

n.s. 
n.s. 

(see Table 11I-2) 

~ 

1 
1 ! . 

1 

t 
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230 nm circle 
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TABLE III-9a 

Results of X2 Determ~nation 

of Sources of D~fference 

between Clrcle Slzes 

Compos~te Organelles 
number lncluded 

2 1 1 - 3 

{lo 
/ 

l - 3 
{ID 3 - 5 

12 l - 4 
18 l, 2, 3, 5 
21 l, 2, 3, 5 
27 l - 3 

{ 30 ~\ l - 3 
. {3D l, 2, 4 

32 ,-- l, 2, 4 

il 
2 l ..:: 3 
3 l - 3 
4 2, 3 
5 l 3 
6 l - 3 
9 1-3 

11 l, 2, 4 
1:2 , l - ~ 

1 

16 .- {l, 2, 3, 5 
16 { l, 2, 5 

17 . l - 3 
20 l - 3 

21 { l - 3 
21 { 2, 3, 5 
21 { 2, 3, 4 

23 { l - 3 
23 { 2 - 5 
23 { 2, 3, 5 
2~ { 2, 4, 5 

25 l - 3 
30 l, 3, 5 

l' 

I, 
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. 
Co~ar~son of Method of 

Nadler to Rlackett & Parry 

x2 S ~gnlf ~cance 
( p = 0.05 ) 

n.s. 

s. } 

n.s.} 

n.s. 
n.s. 

) n. s. 
n.s. 

s. } 

" n. s.} / ,. n.s. 

n.s. 
n.s. . ;' 
~~., 

. ~.rn. S. 

n.s. 
n.s. 
n.s. 
n.s. 

,s . } 

n.s.} 

n.s . 
n.s. 

s. } 
s. } 

n.s.} 

s. } 

s. } 
n.s.} 
n.s } 

n.s. 
n.s. 1 

/ 
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TABLE: III-la 

Resul es o~ ,2 CO""1:Jd!" iso'1S of Data 

Cornparison of 100 r~':l CU'c1e Ioo.ell 3!ack/!!t:t: S parry ,'f ... e.'1od 

ta 230 r_"J CIrc! ... d!! :.ac! r "ethod 

and :130 to 

100 n..-r C~rcle of 

94 

--~------------------------------------------~-------------------------------
Cooposite 

No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

'-' 23. 

24 

25 

26 

27 

28 

29 

• 
11 

]2 

33 

Blackett & Parry Idb r~ 
ta Nadler 230 nm 

s. 

s. 

n.s. 

s. 

s. 

n.s. 

n.s. 

s. 

s. , 

-n.s. 

s. 

n.s. 

n ••• 

n.s. 

s. 

n.s. 
r.: 

s. 

nols .. 
l' n.S. 

( 
s. 

s. 

5. 

s. 

s. 

n.s. 

s. 

n.s. 

n.s.' 

s. 

n.s. 

B.&P. 100 nn to ~ad1er 2jC r~ 
organeltes 1-3 only 

s. 

s. 
..,# 

n.s. 

s. 

n.5. 

n.5. 

n.s. 

• " 
n.s. 

s. 

n.s· 

\ 
n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

s. 

n.$ .. 

".5. 
n.S. 

n.s. 

S. 

n.s. 

n.s. 

n.s. 

n.s. 

Blackett & Parry 230 ~~ 
to ~adler 100 nm 

s . 

n.s. 

n.s. 

s • 

n.s. 

n.s. 

n.s. 
s. 

n.$. 

s. 

n.s. 

n.s. ..... 
n.s. 

rI.S. 

n,sr 
n.s 

n.s. 
n.s. 

n.s. 

n.s. 

n.s. 

n!,.os .. 

n.s. 

n.lI. 

n.s. 

n.S. 

B.&P. 230 to ~adler lac 
• organelles 1-3 od 

s. 

D.L 

n.s. 

n.s • 

n.s. 

n.s. 

n.s. 

n+ 
n.L 

n.s. 

s. 

1\>.5. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. \, 
n.s. 
n.s. 

n.s. 
..f' n.5. 

n·s. 

n.s. 
~ 

n.s. 

n ••• 

n.s. 

n.s. 

n .•• 

~ n.s. 

Il. B. 

n.s. n.s. n.s. 

t n.s. n.li. ""-. ~. 
n.s. 

'1 
i 

l , 
1 
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TABLE III-1W 

Results of x2lDetermination of Sources 

bet:ween C~rcle S~ zes 
" 

,j; Cross comparison of 100 nm circle of 

Il to 230 nm c~rcle of the other 

~ 
1 

Comparison 
Compos~te Organelles 

~ Number '"' included 

r 
Blackett & Parry 100 nm 

f to Nadler 230 nm l 2 - 4 
{{ l 2 - 5 

{ 2 l - 3 

{{ 2 2, 3 

{ 4 2 - 4 
;40 

t{ 4 2 5 

10 2 - 5 

lu 
{ 18 .- l - 4 

{{ 18 l, 2, 3, 5 
{{ 

\ ' 

'18 2, 3, 5 
}.. 

{ 23 l, 2, 3, 5 
{{ 23 2, 3, 5 

" 
Blackett & Parry 230 nm 

te Nadler 100 nm { l 2 - 5 

,{{ l 2, 4, 5 
" \ 

li l, 2, 4, 5 

30 l, 3, 5 
-; .... J 

X2 

\ 

\ 

Significance 

1 
Il> 

n.s. 

n.s. 

s 

n.s. 

n.s. 

n.s. 

n.s. 

s 

n.s. 

n.s. 

s 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

} 

0} } 

} } 

}} 
} 

} 

}} 

} 

} } 

~/ 
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TABLE III-lI 

SUmrn6ry of Results by X2 Determ~nation 

of sobrees of D~fferenee between Circle S~zes and Methods 

(from Tables 6-10a). 

Method 

Nadler 100 nm te ~30 nm 

Nadler a nm to 100 nm 

Nadler 0 nm te 230 run l, 
10, 
23, 
31, 

Blackett & parry 0 nm 
(B&P) to 100 nm, 

B.& P. 0 nm ta 230 nm 

B.& P. 100 nm te 230 nm 

Composite 
Number 

25 

27 

2, 3, 4, 7, 
12, 14, 16, 
25, 26, 27, 
32 

1 
2 

10 
12 
30 

l, ,.,2, 11 
30 l' 
32 ! 

3, 32 
Il, 12 
10, 21 

16 
30 

*Organelle(s) Respon­
sible for Difference 

4 

4 

9, 4, 5 
22, 
29, 

3" 5 
4, 5 
l, 4 

5 
2, 3 

4, 5 
2, 4 

5 

3, 5 
4, 5 

4 
5 

2, 4 

(eantinued) 

) 

j, 
1 
1 

1 

0 
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TABLE III-ll (conünued) 

Summary of Résults by XL Determ~nation of Sources 

Qf D~fferences between C~rcle S~zes and Methods 

(from Tables 6-l0a) 

Composite *Organelle(s) 

, 
97 

Responsible 
Method 

Numher for Difflrence 

Nadler - B. & P. 100 ma 

i : Nadler - B. & P. 230 nm 

B. & P. 100 nm to 
Nadler 230 nm 

B._ & P. 230 nm to 
Nadler 100 nm 

2 , 3, 

l, 

* Order of organelles: 

2, 27 
30, 32 
18, 21 

10 
12 

5, ' 6, 9, 12, 
17, 20, 25 

4 
11 
16 

21, 23 
30 

4, la, 23 
2 

18 

1 
Il 
30 

l - rER 

2 - Cytoplasm 

3 - Nucleus 

4 - Mi tochondria 

5 Golgi 

f 

4, 5 
3, 5 

4 
l, 2 

5 

4, 5 
1 

l, 4, 5 
3, 5 

3 
1 

2, 4 

1 
l, 4, 5 

4 

1 
3 

2, 4 
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Organelles 

rER 

Cytoplasm 

Nucleus 

Mi tochondria 

Golgi " 

). 

rER 

Cytoplasm 

Nuc1e:us 

Mi tochondria 

Golgi 

TAHLE III-l2 

Average Relative Content of Label 

in Organelles from'a~l Composltes 

:v 

By Blackett & Parry Method By Nad1er Method 

100 nm 230 nm (rad~us) 100 nm 

12.66 12.29 9.43 

68.60 6~4 76.30 
:::;;J>." 

11.49 12.70 10.33 

6.17 5.67 2. 7~ 

3.48\ 2.31 1.15 
1 

Average Relative Areas of Organelles 

from aIl Compos~tes 

230 nm 

7. ] 3 

82.43 

9.08 

0.80 

0.40 

(radi us) 

By Blackett & Parry Analysis By Point-h~t Analysis 

11.15 11.27 

66.60 67.88 

11. 71 11.49 

9.47 7.09 

2.47 2.27 

/ 

0-

il 

, 
.l 

" 
" J 

1-
f 
1 

i 
f 

1 
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TABLE III-l2a 

Results of X2 comparisons of Average Content of a11 

composi tes as deri ved by l''lethods of Nadler 

and Blackett & Parry for 100 ~ and 230 nro circles 

C a ru par i son 
AL 

Blackett & parry 100 nm circle to relatlve area 

Blackett & parry 230 nm cLrcle to relatlve Area 

Blackett & parry 100 nm ta 0 nm circle 

Blackett & parry 230 nm ta 0 nm clrcle 

Blackett & parry 100 nm ta 230 nm clrcle 

Nadler 100 nm to 0 nm circle 

Nadler 230 nm to 0 nm circl~ 

Nadler 100 nm ta 230 nm circle 
1 

Blackett & parry 100 nm ta Nadler 100 nm 

Blackett & Parry 230 nm t6 Nadler 230 nm 

Blackett & parry 100 nm to Nadler 230 nm 

(As above but far organelles 1-3 only) 

Blackett & Parry 230 nm ta Nàdler 100 nm c. 

x2 Signifl.cance 
( p == 0.05) 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

n.s. 

s. 

n.s. 

n.s. 
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FIGURE LEGENDS - PART III 

Figures III-A & B +hese histograms repres~nt the percentage of 

JI' 

( 
\ 

J 
/ 

III-A 

" 
variation from an assumed un~t (1.0) concentra-

t~on of radioactivity ~n hypothetical tissue 

standards. Results were d~r~ve4 by the methods 

of Nadler and of Blackett'& Parry. Percentage 

variation (~bcissa) is shown for~th a 100 nm 
l 

and '230 nm radius resoluti9n boundary circle, 
1 
1 

The ordinatk cotresponds 
o , 

aIl cate~orles, that is, 
- 1 

ta the percentage of 

individual classes such 

as rER, nucle~s, etc., from individual composites 

\ 
l ta 33, which'exhibited var~at~on from the 

assumed unit v~~ue. 
, 

This graph demonstrates these res,ults after quantitat.ive 

analys1s by the method of Nadler. The small circle tended 

to show less variation than the 230 nID circle but the 

majarity of results from bath circle sizes exhibited less 

than 50% variation from unit concentration. 

F1gure III-B This graph shows the results derived after analysis by 

tbe method of Blackett & parry. Bath circle sizes ~~owed 

essentially equivalent variation (i.e,?) no significant 

difference by X2 " P ~ 0.05). AbOut 10% of all categories 

were found ta vary by greater than 50% from unit concen-

tration, while about half of these (5% of total) varied 

by greater than 100% and up to 300% from assumed unit 

c01centration values. 

--- \ 

) 

o 
1 
1 
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Figure III-C. 

\ 

This is a s~~ple-of the print-out 

obtained W1th the Hewlett-Packard 

(981DA) calc~lator for the métnDd of 

Nadler, as sim11arly 4 shown in Part II. 

The data is for comPOsit~Fi9. 

111-6) and was deriVe~ing a 100 nm 

resolution boundary circle radius. 

Note the increased counts attributed 

to the cytoplasm after the analysis 

output. 

) 

, \ 

0\ 
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Input 

!x~l~iv.!! Qr!!.i~_ 

rER 
Cytoplasm 
Nucleus 
Mitochondria 
Golgi l • t· .J~ 

Ih:!:r!:d:GIaInI 
R~ ~.GO~ 

,R+M 
C+N 
C+M 
C+G 
M+G 
R-+CiM 
C+M+G 

!ol~.!. 
R Vp 
R Vo 

C Vp 
C Vo 

N Vp 
N Va 

M Vp 
K Va 

G Vp 
'G Va 

OutPUt 

TEH 

Loop NWllber 

;'.('J-f-
5/1 .3)-
1 s (1.1 ... 

(1.~lO* 
0.(1)r. 
(1.0.)* 

9.0(H 
,,1t'r 1O :O-

49.0ù,+ 
4:3.·1~1.,. 

:35.tJJ+ 
2::! 11 13(1.4.-

t; .• ü.)+ 

!:: • ':':':1 + 

l . Ü·]~ 
2. ~(t~ 

1001\80 

.3. (~(1+ 
Sensitivity(p) ~!. fiS 

Iterationa 51'::!.J.}L) 
TRUE COUN'l'S 

rEll .: .. c 
rJ _ ~.J. 

Cytopla.m 54. :39 
Nuc le ua 32.96 
Mitochondria 3~ 18 
Golgi 1. 02 

± S.D. 0.01 
Qo~t.!.t:!o~!i!!._ 

Hours 1). i].J 
Minutee 5.0D 
Seco'Dcb 16.ü!) 

End Print 
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1: 

Figure III-D. This ~s a samp1e of the computer print-out 

after analys1s by the method of Blaèkett & 

Parry. The data shown is fOr Composite 2 

(Fig. 111-2) derived with a resoluJion 

boundary circle of 100 nm radiuJ. The dis-

tribution of hypothetical grains ("Original 

Grains") is compared to that of the real 

grains whose distribution is based on the 

assumpt10n of uniform incorporation of . 
, 

isotope. The goodness-of-fit is then de ter-

mined by X2. The computer program predicts 

the estimated true d1stribution of act1vity 

and, in addit~on,i the relative areas of 

organelles. 

) 

\ 
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Figure Legends - Part III 

Figure III-E. ThlS. is a sample of the hypothetical tissue 

standard compOsIte photographs used in these 

studies (composite No. 22). Magnificatlon of 

the nucleus is equlvalent to lO,OOOX. Magni-

fi'cation of other organelles equivalent ta 

25,000 X. Reduced to 3/4'original size. 

The use of hypothetical cell models allows 

ultrastructural variables to be controlled 

and simplifies grain counting~ This provides 

a system in which quantItative methods >can be 

compared under many Pefsible conditions. 
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Figures 111-1 toc 111-33. 

, 0 

1 

) ,. 

/ 

" " 

These figures correspond ta hypo-

thetiŒal tissue stand~rd composite 

photographs l to 33. For ratios of 
". 
organelle size arid quantity, consult 

""'-
.....-........."~.:~ .. 

, 
'. 

Tables IlIA and B (Materials and Methods) . 
,. 

Original sizes reduced for thesis pre-

sentation. Magnificatio~ equivalept to 

approximately 4,000 x. 
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DISCUSSION 

1 / 

The number of developed s~lver grains observed in a rad~oautograph 

be~ng proportlonal to the amount of InCIdent radIatIon caused by nuclear 

, 
dlsIntegrations, provldes a ratIonal baSIS to quantIfy the radioauto-

graphIc reactIon. The two maIn techniques WhlCh are in current us." for 

the quantItative evaluatlon of rad~oautographs, that of Nadler and of 

Blackett & Parry, are bath subject to two requirements. Flrst, lt is 

necessary to draw a resolution boundary clrcle around each graln ln order 

to decIde which structures in the electron micrograph probably contaln 

the radioactlve label responsible for havIng caused that graIn to forro. 
1 

Secondly, sorne method must be appiled to determIne whàt proportIon of 

graIns which are a~sociated wIth more than Jne structure, when enclosed 

~ 

!by the resolutlon boundary circ le , shoulg- be asslgned to each of the 

structUres involved. 

, 
This thesis attempts to answer the following two questions: 

1) Does the size of the resolution boundary cIrcle matter? 

2} Of the two rnethods in question for the analysis of shared grains, 

which is better suited for what purpose, and what is the order of 

accuracy? 
\ \ 

It is hoped that the prIncipal contrIbution of this work will have 

served to simpllfy, if possible, the rather cornplex methodology of analysis 

WhlCh has been hp.retofore necessary to use. In addItion, this investiga-

tion may prov~de the order of accuracy with which it is possible to dis-

criminate relat1ve content of label between organelles. 

Line Source Radioautography 

The technique of Sai peter to measure the resolution of the radio-
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autographl.c method has been applied to dec1.de whether a particular structure 

• 
se en in an electron ml.croscope radioautograph 1.S labe11ed or not (e:g., 

Budd & Salpeter, 1969). Thl.S 1.5 done by comparing the expected grain dlS-

'tribution around a prepared radl.oactive llne source to the observed dis-

trl.bution of gra1.ns around specifie assumed sources ln radioautographs. 

One of the features introduced by thl.S method was the concept of the half-

dl.stance value (HD), whieh is the distance from the radioactive source 

wlthin WhlCh half of all developed grains are found. This value is thus 

equ1.valent to a 50% probability that the source of radioaetivity respons­

ible ,for that gral.n w1.11 ~k within the distance from the centre of that 

grain corresponding to that probabillty. The HD also acts as a measure of 

\ 
under various experimertal the resolutiob of the radl.oautographlc' teèhnlque 

conditions. 

D~ring the course of present investigatlons, the effects of several 

parameters on the HD value have been examined to assess their relationship 

to the shape, size and distribution of gral.ns se~n in electron microscope 

radioauttgraPhs. Since HD is a measure of resolutlon, the less the value 

is, the better will be the resolving power. 

Valiàity of the Line Source Resolution Specimen 

In establishing the HD values and the pattern of grain distributions 

around radioactive line sources, certain errors are invol~ed. Th~se should 

be accounted for when applying this information to radioautographs of experi-
~. 

mental tissue sections. There are al~~ factors caused by the statistical 

implications of grain counting, such as the effects of the eut-off distance 

and the quantity of grains included, which may affect either or bath the 

expected (line source) and observed (tissue) HD values. / 
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Sources of Error 

Due to the statlstlcal fluctuatlons of graln counts ln these 

analyses, Slnce less than 1,000 grains we~e counted for each study, a margln 

of at least ±10 nm should be assumed for values determlned from histograms 

of experimental graln density distributlons around Ilne sources (Salpeter 
( 

et al., 1969). Furthermore, since graln ~easurements are made from the 

centre of a 50 nm thlck line source (as shown in Flg. 1-1), a possible 

deviatlon of up to ±25 nm lS lntroduced for values of distances from 

grains to the Ilne. Bec'ause of the fact t..l-tat a particular radioactl ve 

-
source could be on elther edge of the Ilne (a Ilne source 1S a linear col-

lection of discrete point sources), or anyvhere across its thickness rather 

than exactly in the mlddle, this should therefore be accounted for. In 

the system of measurement used for these studies, an additional error of 

±2 nm, although a negligible amount, should be included to account for 

reading of distances wi th the "ald of a calibrated optical retlcle (as' 

described in Materials and ~ethOdS) . 

Thus known posslble Jrrors WhlCh can he distlnguished statistically 

may 1nvolve up to at least ±37 nm for values derived by measurlng grain 

density distrlbutions around known radioactive line sour~es" 
There are also possibllities of introducing èrrors which cannot be 

easily calculated. ES~~liShing the ~entre of the developed sil ver grain 

presents an obstacle which may create unaccountable problems in the deter-

minatlon of grain distributions. Further complications may result when 

applying the 'i~formatlon 9~rived from llne source studies to grain distrl-

butjons observed in radloautographs of experlmental tlssues. Similar errors 

to tho~e involved in interp~eting the line source specimen would likely be 

) 
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In fact, the posslb111ty of do~ng 50 is ~ctually greater, 

~
l roduced. 

~ 
~r~ __ 

becau:e measuréments are made ta the nearest assumed radioactive source. 
\ ' 

In hlstological sectlons, this so~rce may not necessarlly be in the form 

of a Ilne, but could lnclude many shapes and Slzes of organelles. Conver-

slon of resolution values for a liQe source ta those for a pOlnt source 

, 
(Bachmann & Salpeter, 1965; Salpeter et al., 1969,' 1977) or ta those for 

.' a ho11ow or SOlld dise, band or circular source (Salpeter et al' f 1969) 1 

lnvolves certain mathematical manipulations and again posslble lntroduc-

\ 
tlon of errors. 

Effects of eut-off Dlstance 

Reducing the eut-off distance resulted in a decrease,ln the defin-

ltlve BD value. However, the dècrease was nnt as great as might have been 

expected by cuttlng off counts at 3 HD instead of 10
o

HO (Table I-4). This 

reductlon accounted for a decrease ln HO of about 20 ta 30 nm. Thus, as 

suggested by Salpeter et al. (l969), a eut-off distance of 10 HO doe~ not 

exc~ude a significant nurnber of grains, whlle cuttlng off too close to the 

radioactive source will have an obvious effect on the HO value, apparent1y 

improving the resolut~on. In actual fact, however, by omlttlng grains at 

further dlstances from the line source, a sltuatlon is created where the 

HD is not representatlve of the real graln distribution. Accounting for 

statlstlca1 error though, if a margin of as 11ttle as ±10 nm is asstimed for 

aIl HO val~~s (Salpeter et al., 1969; Salpeter & Salpeter, ~971), then the 

dlfference between a eut-off distance of 10 HD unit$ and 3 HD units is in-
1 

terpreted as a mlnirnum difference of only 10 nrn, wh{ch rnay be a negligible 

amount. In addition, thlS speculation 1S dependent on the shape of the 

curve of individual grain distribution patterns, and especially on the 
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extent of the !ltall" of the curve. For the study in question here, with 

3H, liford L4 eroulslon and D19b developer, the actual- number of grains from 

, 
the 677 included at 10 HO, which were excluded by cutting off at 3 HO, was 

only a sum of 80 grains, or about 12% of the total. This may explain why 

\ the difference created by cutting off at 3 HO was not as great as ~ight have 
1 

been a~ticipated, and at the same time indicates that a eut-off distance 

~ould be decreased ta as low às 2 HO units without having a maJor effect on 

the deflnltive Hb value, depend'ing on the shape of the dlstrlbution curve. 

Thus a resolution value of 58 n1n reported by Nlura' & Mizuhira (1965)' may 

not be as far from those suggested by other investigators, if this dis-

crepancy is taken into aCCQunt. 

Effects of Quantity of Grain Counts 

• On a stat~tical basis, the errorlnvolved ln counting gralns is pro-

portïonal to the square root of the number of gralns included in the counts . 
• 

Therefore, the more grains th~t are counted, the less the proportionate 

error beeomes. From these studies on the llford L4 emulsion with 3H de-

veloped by D19b, based on experimental observations of actua1 grain distri-

butlons (Table 1-3), a quantity of only 50 grains was shawn ta reduce the 

HO value considerably, anà the ~ntërpretation is that this value of grains 

was too low and must be increased. From the 'NTE study, separate observations 

indicated that a total of 137 grains might have been low as weIL (Tables 

1-1 and T-2). Speculation as ta apparen~ differences in this prelimi~ary 

investigation supports the notion that, again, too few grains were inc~uded .. G 

From both the 1251 study with the GSPD {data not shawn) and 3H with 

the D19b developer (Tabl~ 1-3), it was obser'l{ed that counting appro,ximately 

250 to 350 grains resulted in essentially the same HO value as that found 
Q 
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by countLng 600 tOl1700 gralns. Thus, from practical ~ata rather than 

statlstLcal theory, Ait can be suggesteq that counting much less than 150 

grains will create unwanted fluctuations ln the determlnatlon of resolution 

values. At the same time, counting more than 300 or so grains does not 

seem necessary, since beyond this value even doubling the number of grains 

to 600 does not affect the flnal HO value derived._ It must be kept in mind 

though, that decreasing the quantity of graln counts unavoidably increases 

the comparative standard error and thus the more grains lncluded, the less .. 
the variatlon in measurements wlll become. 

\ , 
Aàvantages of using a Llne Source Resolution Speclmen 

Although it is technically dlfflcult to produce a line source pro-

1 
file section (See Materials and Methods), and in splte of other apparent 

drawbacks, positlve aspects of this method cannat be overlooked. The methad 

adheres strictly ta the laws of probabillty and source-detector geometry. , 

It is based on the foundations of systematlc experlmental observation and 

provides an adequate reflectian of the resCllutian of radioautographic prepar­

ations. Jnder certain C~nditions. where qUanfitation of the relative amounts 

of radioactivity is not required (e.g., Fertuck'& Salpeter, 1974) and where 

the location of a unique radioactive source ln experimentai tissues is sus-

pected and must be verified (e.g., Bergeron pt al., 1977),' then the prepar-: 

ation of a 1ine source resolution speCimif may be the most relevant\ technique 

to employ for the ana~ys~s of electron microscope radioautographs. 

Effects of Various Parameters on Resolution 

Effects of Isotope 

From these investigations, the iso.topes studied demonstrated differ­

ences in resolution only when using the chemical developer D19b, glVing rise 

/ .. 
·t 

î 
1 
r ' 
1 
1 
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ta a fllamentous gr3in (FlgS. 1-2 and 1-4). However, when the solution 

physical process of developrnent was ernployed (GSPp), glving rlse to a flne 

graln (FlgS. 1-3 and 1-5), no differences due to the energy of the lsotope 

were observed (See Table 1-1). 1t has previously been dernonstrated that 

resolution with 1251 is expected ta be better thr' 'hat of 3H (Fertuckl, & 

4 Sa1peter, 1974a; Sa1peter et al., 1977). The developers used in those 
\ 

ear1ier tests were a1so df the chemLcal a~d solution physlca1 type, resu1t-
., 

lng in various shapes and srzes of developed grains. However, the ~olution 

physlca1 developer, paraphene1yendlamine (Caro, 1962; Caro & Van Tubergen, 

1962) used in those studies produced a 1arger si1ver grain than did the 

GSPD use~in the prepent s~udy (Koprlwa, 1975). In addition, the grain 

produced by the Go1d-EAS deve10per in Sa1peter's work (Wisse & Tates~ 1968; 

Salpeter & Szabo, 197}) was srnal1er than that produced by development ~ith 

D19b (Kopriwa, 1967a). 

It is be11eved, therefore, that when the radloautograph is deve10ped 

with the solution physical develaper manufactured by Agfa-~evaert, then no 

differences in resolution due to the isotopes 1251 or 3H are observed. 

Possible eXPl~~ations Jor thls phenomenon are open to speculat.ion. 

It is plausible that latent images that are further from the radioactive 

source rnay not be deve10ped by the GSPD, even after gold latensificatian 

(Bachmann & Salpeter, 1964; Salpeter & Szabo, f972). If this were true, 

then there could be a critlcal distance away from the radioactive source 
!' 

beyond which latent images will\not be developed by this particular fine 

grain method. On the other hand, the 

may be comparatively ~o;er-sensitive" 
filamentous developers in carnmon use , \ 

1 
in developing latent images at dis-

\ \) ; 

tan~es from the radlation, which add to the complicated analysis of grain 

r:::I' 
.... '''''tJ, .... ;tt'tA$, L,' ~t ..J. __ 3 _l 
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distribut10ns. In other word-s, i t is feas1ble that the direct chemicai de-

velopment produces ~any ?rains, 50 distant from the source that they are of 
d 

~ 

no value to the localization of that source of ~adioactiv1ty in the tissue. 

In any case, the silver grains produced by the solution physical de-

velopment with GSPD appeared closer to the rad10active source regardless of 

whether the isotope was 125 1 or 3H, and might have been independen~ of de-

veloped grain size. However, with filamentous gra1n developers such as 

Kodak D19b, the resolution of 1251 is unmistakably better than that of 3H • 

Effects of Bmulsion 

In the preliminary study on t.~ differences between the Kodak NTE 

(Flg. 1-6) and Ilfo~d L4 emuls10ns 
C~'-
(Fi~~-2), the NTE produced a better 

resolving power or a lower 

condition~ of isotdpe (3H) 

HD value than that for Ilford L4, junder sim11ar 

and developer (D19b). The Kodak Nuclear Track 

Emulsion is one of extremely low sensitivity. Radioautographs exposed for 

103 days produced only 137 develôped sil~er grains from 3H-labelled line 

~ources, as opposed to shorter periods of d9 and 63 days, where six tirnes 

that number of grains ~as produced usir.g the llford L4 emu1sion. In addi-

tion, the NTE has been found to provide inconsistent results and is not 

generally accepted as a good quality emulsion (Kopriwa, 1975; Sa1peter et 

al., 1977). 

concernipg differences seen in grain distribution patterns over the 

Epon and cel10idin sides of the line source, these rnight have been due to 

the reduced sensitivity of t~e ~TÊ: That is, the low density of latent 

~------------------~-
images might have-been caused by absorption of radiation by Epon in such a 

way that the lower sensitivity emulsion could not detect the energy particles, 

\ 
where the Ilford L4, for example, could. Although the size of the silver 
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brorn~de crystals cornprislng the NTE emuision are s~aller (0.05 ~m) than 

those of the Ilford L4 (0.14 ~m), the 10ss of sensltivlty and undeslrab1e 

fluctuations in developed graln size make this emulslon impractical for 

accurate detection of radioactlve dlsintegratlons ln experimental tissues. 

Effects of Developer 

As previously discussed, the GSPO gave a better resolution over that 

of 019b (See Table 1-1). Since the geometric centre of a fi,lamentous grain 

is not necessarily the site of llthe latent image from which the filament 

beg~ns to grow upon develapment, then rneasuring' the distance from the grain 
1 

to its known source of radloactivity, using the grain centre as the reference 

point may introduce a margln of error. The work of Salpeter et al. (l977) 

showed that 1251 resolution is little a~fected by the siz~ of the deve10ped 

grain'. . However, fhere is a discrepancy between those resul ts and the da ta 

from ~his present study concerning the relative Slzes of the developed 

grains, as mentioned in relation ta the effects of isotope. This possibly 

accounts for the smaller differences observed between chemlcal and solu~ion 
'phys~cal developers in Salpeter's invest~gation as compareâ to the greate1" 
differences betwren HO values for the two types of developers used in these 

exper1.m~nts . 

Sin~e the IIcfassicalll fi1amentous grains grow away from\ and around 

the latent image, kven if this growth was assumed to be symmetrical" as 

suggested by Salpeter et al. (1977), it would be difficult\ to demonstrate 

that the chosen geometric,centre was actually the ~ite of the latent image. 

Especially,where the filam~nt p~oduced is comparatively'large, this could 

be involved in causing a misinterpretation of the measure of resolution. 

From the evidence provided by the resulks of "these studies, the GSPD 
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produced a mor8 compact graln than found wlth D19b (FlgS. 1-2 ta 1-5) and 

thus, whether directly because of the graln size, or indirectly due to the 

lack of developed latent lmages at greater distances from the source, caused 

a real and slgnlficant reductlon in the HD value for both isotopes 1251 aïd 3H • 

Effects of Absorption by Epon 

The results of these tests indicated that the effects of absorption 

of energy particles by the ernbedding medium E~bn (self-absorption), were 

negllg1ble for a section thickness of 100 nrn (See Table 1-2). In 

rect manner, this is supported by the observations of Salpeter et 

an ind;i.­

alj (1977). 
\ 

Their data indicated no major differences between HO values for sectiens of 

50, 100 and 150 nm thlçkness. The present study indicated no differences 

between 0 nm thick (i.e., no Epon) and 100 nm thick distances of E}ln, 

through which many but not aIl of the energy particles released must pass 

in order to reach the emulsion. 

The only exception to th~s observation was in regards to the NT1 
emulsion, where there was a difference ln normalized grain distribution 

patterns over the Epon at.J celloidin sides of the line source. This could 

have lndicated that eithet t~o few giainS were counted or that there was 

Sorne self-absorption and the NTE was not sensitlve enough to detect the 

nuclear decays. H~wever, no significant difference was observed over 

either side of the line when actual grain eounts were eonsidered and, 

sinee \\the study involving the NTE was only a preliminary analysis, further 

investigation should be made ta de termine the relative likèlihood of these 

events. 

Effects of Exposure Ti" 

For relatively short durations of exposure of the emulsion to radio-

. 
,1 
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\ 

1 

\ 
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active disintegratlons occurring withln an'experlmental tissue, increaslng 

numbers of gralns wlll be developed in a lin~ar relatiorShiP ta increasing 

time, by increasing the quantity of latent lffiages produced in the silver 

bromide crystals (Kopriwa, 1975). - The ~vidence of these tests support that 

rationale, since the length of exposure ha~ Ilttle, if any, effect on the 

\ 
resolution of the technique. The HD.derived from grain di'Stributions for 

3H, after 49 days of exposure did not differ from that after 63 days 

(Table 1-3) . 

Quantitative Electron Microscope Radio~utography 

A quantitative technique for electron microscope radioautography must 

fulfill two criteria. It m~st be capable of determining firstly, the loea-

tion of sourcés,.and secondly, the relatlve amounts of radio-

active e ultrqstructural organelles of experimental ti5sues. 

, 
E.M. 

were examined. 

main techniques 

relation to a small 

appraise the application of quantitative techniques to ' 
, 

, the effects of the size of the reso14tion boundary 

of si,lver grain dist\ibutions in radioautographs 

esolution circle is required by both of the two 

purpose, bath methods were studied in 

large (230 nm) circle radius. These results 

we\e comp~red to data derived using a nil (0 nm) cirele where no furthe~ 

statistical analysis was necessary, sinee there were no shared grains. 

Observations were made under experimental and hypothetical conditions. 

For the former, electron microscope fadioautographs of experimental tissue 

se~ltions of thyroid follicles (kindly provided by Dr. S. Cassol) taken 4 

, hours "after the injection of 55Fe (See Materials and Methods - Part II) were 

used'as a substrate for the comparisons 6f the ;~hOdS and cir~le sizes. 

\ 
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For the latter, various hypothetical tissue standards or eeli modeis were 

prepared from biological material w~th the aid of photography and computer­

assisted randomization (See MaterÜüs and Methods - Parti III). For othese 
'1 \ 

~--
studies, uniform incorporation of a hYpOthetical radioact~ve tracer was 

assumed. 
r 

~~ 
Comparisons were subsequently made between circle sizes and methods 

under these criteria. 

The S~ze of the \Resolution Boundary Cü:cle 
i 

Exper~menta~ Tissue Observations 

Under the experimental conditions described in Part II, results de-

rived by the method of analysis of Nadler showed no significant differences 

between the 100 nID and 230 nm circle radii. Moreover, there~was no d~f­

ference between these and those derived with th~ nil circl~ whereby data 

was established by directly scoring the structure underlying the centre o~ 

the grain as the exclysive source of radiat~on (Table II-2). The greatest 

relative differences between cirele sizes were se en in association with 

grain interpretations for the mitochondria, membranes and rER~ In rnost 

cases, it was these structures which shared the largest proportion of sllver 

grains (See Disfussion Table 1). On theoretical grounds, by using a smaller 

circle, there is comparatively less chance of including IX'3sible radioactive 

s~urces further from the grain céntre. This explains the differences (though 

negligible) observed between circle sizes for some of the data. Due to the 

diffuse distribution of basaf and laterai membranes which actually co~pris~ 
1 i 

a small percen~age of the total area of the cells, grains shared by this and 

other organelles tend to be attributed to ~tructures of greater volume such 

\ 
as the rER, after quantitative analysis. However, sinee thete is no rnethod 

, -
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available for determin~ng wh~ch of the values are more accurate, it ~s 

unsure which of the results derived us~ng e~ther the 230 nm circle or the 

nil,c~rcle are underestimates or overestlIDates. The impression lS that the 

large circle crea tes underestimates of diffuse structures and those com­

pris~ng litt~le relative area, wh~le the use 0: the nllcircle presents an 

overestimate for th~s type of organelle (i.e., membranes). On the other 

hand, the reverse seeros to be true for numerous relatively sma!l tubular 

or ovoid structures, such as the mitochondria. Since mitochondria are 

spreaq extensively throughout cells and are usually ~n close proximity to 

many other structures, grains shared over mïtochondr~a and another organ-

elle arè more likely to be attrlbuted to the rnitochondria lf a large circle 

is used, and less likQly with a small or nil circle. Thus, it is expected , 

that before analysis t the interpretation of the d~stribution pattern of 

silver grains would be quite different for two such different clrcle sizes. 

However, after analysis by the rnethod of Nadler, minor variations 

in data were not found to be significant by X2 for observed values where 

p = 0.05 (Table I1-2). Since essentially the same results ~re afhieved by 

direct scoring of th~ structure under the centre of the grain as the radio-

active source, as those derived by analysis with a, boundary circle equivalent 

- to~ the resolution of 55Fe (HR = 204 nm; Parry,,& Blackett, 1973), then per-

I 
haps a complex quantitative rnethod may not be necessary. 

The results derived by the method of Blackett & Parry, as used in 

the present study, support this rationale and ernphasize the likelihood that 
1 

direct scoring of grains, tnat is using a nil resolution'boundary circle 

and thus eliminating further analysis, provides sirnilar results ta those 

found after analysis with a 230 nm circle. Using this method though, there 

o 
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were significant d~fferences f~und between the ~oo nm c~rcle when compared 

to both the 230 nm and 0 nm circles. The effect caused by shared grains 

is especially notable in tre case of the m~tochondria, where a small circle 

resulted in an appreciable underestimate, while the larger c~rcle provided 

data that was greater than that found using the nil circle. Agai~ though,\ 

regardless of insignlflcant variation, results derlved with the 230 nm 

circle after analysis were not\sta~istically different from those found 

with the 0 nm circle without furtqer'manipulation. This would indlcate 

that~he use of a boundary circle and subsequent analysis could be ellmin-

ated without adverse effects on quantitation. 

HYpothetical Tissue Observations 

The use of cell models and the assumption of a uniform distribut~on 

of radioactive label allowed compar\sons 

the basis of the percentage variation of 

of data to be made, for one, on 

individual results from an a priori 

unit concentration. A posteriori, there were no significant differences 

between the average percent variations from unit concentration for both 

circle sizes (Tablé' III-4) 1 thus indicating that the margins of error en­
~ 

countered by using different circle sizes were not statistically different. 

In addition, if the average 

(Table 1I1-3), the evidence 

L 
variation is used as an inde~ of accuracy 

shows that results found using the ~30 nm circle 

deviate from unit 

are included. If 

co\centration by a mean of about 50%, when aIl organelles 

smallorganelles (i.e., < 10% of total area) are omitted, 

then this fails to about 25 to 30%. If the average variation observed using 

the 230 nm circle differs by 25 to 30% from that derived using the nil 

circle, then the inverse statement should be true. That i8, using a nil 

circle will result in an average variation of about 25 to 30% from ~ata 
\ ~ 1 

l 
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der~ved using the 230 nm circle. In the case of heavily labelled struc-

tures, with many shared grains, or those making up a large proportion of 

• the volume, the absolutè difference may appear significant. For exarnp1e, 

a value of 80% of the relative content attributed to an organelle by a nil 

circle seems remote from a value of 60\ attributed ta the sarne structure . 
by a 230 nm circle after analysis (i.e., 25% variation). For smaller 

\ 
structures with less radioactivity, this 

\ 
difference rill likely be negligiblei 

for example, 8% of the label attributed by the nil circle compared ta 6% for 

the 230 nm circle (i.e., sti~l 25% variation). Thus a practical measure of 

accuracy is introduced ta the concept of using a nil resolution boundary 

circle based on the dete~ination of hypothetical gra~n distributions as 

observed in these hypothetical celi modeis. 

Comparisons of individual composites,usLng different circle sizes, 

indicated that for the majority of cases the results did not differ sig-

nificantly (Tables 111-6 ta III-lOal. Where there were differences, these 

were shown to be attributable to relatively sma11 struct'lres (e.g., mito-

chondrjr, Golgi), especially where their distribution in the hypothetical 

tissue was diffuse (Table III-11). 

When data for the composite 

as the average relative content of 

tissue standards ,re analysed collectively 

label in individual organelles from aIl 

composites (Table 111-12), again, no significant 

between results found usinq, PO~h circle sizes or 

differences are observed 

the nil circle, except where 

cross-reference comparisons are made between the small circle of one method 

to the large circle of the other (Table III-12a).' This evidence supports 

the notion that the size'of the resolution boundary circle, within the limits 

of pract~cal use, does not have as important an effect on the interpretation 

" \ 
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of graln dlstributlons as has ~en previously suspected. Moreover, the 

employment of a boundary clrcle may not be necessary at aIl, since results 

derived by direct scorin9 (nil clrcle) are essentlally identical ta those 

found after analysis wlth a 100 nm or 230 nm circle. 

The M~thods of Analys~s 

Experimental Tissue Observations 

In regards tb

1 

the stu~y of thyroid tlssue after administration of 

55Fe , the results derived by both methods of analys~s were comparable 

(Table II-t, land ,'found to be not signlficantly different when circle 

slze~ lnvolved wer~ the same (Table II-~). When the small circle of one 

rnethod is cornpared ta the large circle with the other rnethod, then there 
, 

are dlffer':.nces due almost. entirely ta variations observed for relatJ.ve 

~ontent of label in the mitochondria. Except for this, most ather values 

compare weIl between methods and give a \statistically good fit \oJith the X2 

test for observed values (Freund, 1962). 

The method of Blackett & parry establishes the standard error of 

the mean (±S.E .M.) for these data and exhibits the probable range of th€'se 

values (Flg. II~-B). The X2 comparlsons made during the course of these 
, ! 

experiments did not take int~ account the standard errors calculated by the 

Blackett & parry computer analysis. Rather, comparisons of the data were 

made using the mean amounts of relative content derived by this method with 

those derived by the method of Nadler. For example, in regards to the 

cross-referenee comparisons of data from the small circle of one method to 

the large cirela of the othJr, if the standard errors were included, then 

'the apparent differenees became diminished. The content derived for the 

rER by the ~lackett & ~arry method (65.8%) with the small circ le is 

\~ 
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dlSSlmllar from that derlved ÈY the method of Nadler (45.4~) wlth the large 

clrcle. However, lf the standard error of ± 18.6% lS lncluded 'br the 

\ ç 
Blackett & parry data, the values fall close to within the s~e range, 1n-

dlcatlng that they would probably not be statistlcally different, especially 

if the S.E.M. was lncluded for the method of Nadler as weIl. 

In Vlew of the f~ct that the 230 nID resolution boundary circle was 

closer to the Slze suggested by Parry & Blackett (1973) under similar con-

methods dltlons for 55Fe , the observation tha~ results derived by bath 

\especiallY for this clrcle size are virtually identical, would lndicate that 

any differences se~n ln the final data have not been caused by the methods. 

The method of Nadler showed a tendency towards underestlmating the arnount of 

label in'smaller organelles, while overest1mating that in larger o~es (see 

Table 11-1), but these differences were not signiflcant (Table 11-2). 

Therefore, by experlmental investlgation, under the speclfic condl-

tions\described, 

are equivalent. 

lt has been demonstrated that the two methods of analysis 
1 

1 

Perhaps of greater interest is the Interpretation that 
1 

directly scorlng the structure underlYlng the centre of the graln as the 

exclusive radioactive source resulted in essentially the same distributions 

of labelled content as those estab11shed after analysis by both quantitative 

techniques. 

HYpothetical Tissue Observations 
J 

Bath methods showed similarities ~en comp~red in relation to thelr 

percentage variation from an assumed uni concentration of radioactive label 

(Table III-3). The method of Nadl,r diosp ayed little, if any, difference 

\ ~~. 
from that of Blackett & Parry, exceptiwhen uSlng the 100 nm c1rcle, where 

the variat'ions were slightly less than under other conditipns. In essence, 

both method? were equally accurate (or ,inaccurate), and no significant 

/ 
\ 
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dlfference was observed between them by the X2 test for observed values 

(p '" 0.05) as shawn ln Table 1II-4. 'l'he r.tethod of Nadler appeared to under-

èstimate predicted contents about'~.:r5'%. of the time, while that of Blackett & 

Parry produced equal proportions of und~restlmates apd overestlmates (50% 

each; see Table 111-5). The underestimatl0n by the method of Nadler was 

usually caused by sma11er structures belng attributed with less label lhan 

might be expected. With the Blackett & parry metnod, there is no lndlca­
\ 

tiun as ta whether predicted values \illl be 

tian of relative arnounts 'Of radilactivlt}. 

over or under in their estlma-

Wlth this me,thod, it may be 

assumed that there is an equal probabJlity that the predicted value for 

relatlve content WJll be either greater or less than the actual value which 

should be attributed ta a partlcular organelle. 

In reference te compar isons of lndl vldual composl. tes, about 30% of 

all the results de>rived by the 100 nm clrcle sho)\'ed significant dd'ferenc;es 

between the methods. For the 230 nm circle r about half of the data of aIl 

composites were signlflcantly different (15 o~t of 33) as ~een in Table 111-9. 

In both situatLons, though, most of the dlfferences were attrlbutable to 

varlations caused hy the small Slze or extensive diffusivity of an organelle, 
1 

especially for the mltochondria (Table IIl~9a) sinee these almost always in-

volved a 

of these 

relatively small propo\tion of 

differences may be negligible. 

the labelllng « 10%) the importance 

In addition, rather than exposing 

differences in the techniques, these varlatl.OnS wer~ interpreted to indicate 

that while the size of the resolution boundary circle reflects the probahility 

of including radioactive structures within,iimits of the graln, it does not 
\ 
\ 

take lnto account the diffusivity of structures, which is dependent ~pon an 

entirely different distribution pattern. While bath analytical methods do 

\ 
\ 
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include systimat~c investigat~on of the shape and distrib;tion of organelles, 

-, these are based on the size of the boundary circ le being used ~n the study. 
\ 0 

Al~e~ing the circle size will have 'an effect on the ~nterpreJation of the 

dltfusivity of organellef' Slnce ultrastructural d~stributions are ~nde­
pendent of the resolution of the radioautographic technlque. , 

f' 
Comparisons of average relative content from aIl organelles established 

l 
by bath rnethods (Table 111-12) revealed no slgnif~cant differences between 

thern, except when the rOO nfn circle used wlth the Blackett & parry method 

was compared ta the 230 hm circle used with the method of Nadler (Table 111-
(, 

1 

Again, lt became apparent that the method of Nadler tended ta predict 

underestirnates for small~r structures,with~the greatest difference se en in, 

association with the mitochondria. However, th~ distributions were not 

osignificantly different <py X2) when analysed as a group. 

The data derived py dir~ct scoring wJs not SignlficaJtlY different 

frorn results established by either rnethod (see Table III-12a). rhe irnp~es­

s\~n J s that bath rnethods are eq~ally val'id, and eqqally accurate for \ the 

,'\, " 
quantitative analysis of efeetron mlcroscope râdioautographs. In addition, .. 
the practice of direct.quan~itation without further manipulation appears ta 

provide results'which are not statistically different f!om thoseOderived 

\ 
after appliéation of extensi~e analytica~ procedures. 

Applicability of the Methods -
. In light of the fact that under the specifie conditi~ns involved, 

th: results derived using both rnethods were found ta be equivalentl" they 

can now be compared in 
1 

relation to their applicability to an\ex~erimental 

investigation. If put into u~e, bath me~hods require a resolution boundary 

circle of a size reflecting~the prabability with which a radioactive source 

; . 
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~ill be included in the circle, when superlmposed over a grain. This prob": . \ 

ability may be derived on theoretic~l grounds or by oexperimentJl observation. 

Both methods require the use of transparent templates for determinln~ 

relative areas of organelles and distributlons of rèlative content of radio-

~ active label (FlgS. 1I-l to I1-4). Both require statistical manipulations 

WhiCh can be carried out with the aid of an electronic computer. On this 

point, however, there is' a difference i'h-convenience petween the techniqu~li. 
o 

1 

1 

1 
1 

1 
1 

\ i 
\1 
\: 

The method of Nadler otfers the option of rapld calcuiation by a computer 

program in Basic language, designed for the Hewlett-Packard desk-top calcu-

lator (Model 98}OA) and as weIl, the applicable formulae for manual compu-~ 
. \ 

tation by numerical analysis, which can be accokplished with t:le assistance 

of a non-programmable hand-held calculator. 'The methbd of Blackett and \~ 

parry offers a computer program for pertinent calcu1ati?ns also, but com-
p-- \ puter tl.me is presently avallable only through corr~spondence with the 1 " 

authors in 
~ ~ ~ \ 

Sutton, Surrey', England (parry, 1976 i Blackett & P'à.rry, 1977) • 

Another difference is 0 observed in the methodology of a,ssess ing rel-

ative areas of organelles. For the method of N~ler, these are established 

by the point-hit ~eth~d (CHalkley, 19~3), and comprise part of t~~ input of 

the calculator program {See Fig. II-A, III-C). \ The'method of Blackett & 
1 

\ 
Parry includes relative areas as part of the o~tput of its computer program 

after eompleting the analysis (Figs. I1-B,'111:D). 

Since it has bee~ shdvn,that the quantitative analysis of E.M. radio-
, 

autogr?phs càn~be carried out by difect scoring, or with either the method 

i t' rem'ains of Blackett & parry or Nadler, aIl producing'similar results, 

\ (-~\ option of individJal investi\gat~r~ to choose wh~ch m~thPd , - .. best suits' 

their own partieular experiment~~nditions. 

~ t \ 
The following guidelines 

J 
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are suggested. If relat~ve quant1tatlon is not desired, or where a unique 

radloactlve source is presumed and must be verlfled, then the line source 

'1 

method of Salpeter may sat1sfy necessary requirements. An exarnple of thi,s 

type of situation is where the label is suspected over the cell surface 

and no other organelle, as observed for initial bindlng sitès of neuro-

transmltters such as acetYIChotine, at the neuromuscular Junction. 

Where quantitation is preferred, 'several approac':~::; may be taken. 

One may opt for direct scoring, or choose one of the methods of Blackett 

& parry or Nadler.. From the results provided by these experimen~s, it was 

noted that the number of shared grains observed prior to aqalysls made up 
" 1 

28% of t.~tal· for the 100 nm circ le radius in the ,study of thY~O\d 

tlssue after adm~nlstration of 55Fe . The 230 nm clrcle attributed 53% of 
\ 

the grains as being shared bver more than one organelle' (see Discussion 

Table 1). From the data for the~~etical cell mode.ls, a mean of 18.9 
.~ 

~6.B% of the grains were considered shared, whil~ for the 230 nm circle 

this pr~portion WdS 36.2 ± 13.0% (see Discussion ~able 2)._ 

Il 1S thus suspected that '\Where fewer shared grains are Pbse"Jled 

by visual survey (e.g., less than 30% for a 100 nm circle radius or 50% 
l ' 

for a 230 nm circle), then- the method 'of direc~ scorin~ should provide re-

sultf which are not expected ta be significantly different from those de­
I 

rived by either analysis. Under c;:ondiflons where direct scoring is intended, 

it w~ll be necessary ta deterrnine relative areas of organelles by additional-

?tereologic survey (e.g., Chalkley, 19431 Loud, 19621 Weibel, 1969). Further 

m~thematical calcula tians will naturally be requ~red in order to derive rel-

.ative cont€nt and concentration values. 

/ 

Where>the number of shared grains is greater th~ about 30% for a' 

~ 
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circle of 100 nID rad~us, or about 50% for a rad lUS of 230 nrn, thun either 

of the methods' of Blackett & parry or Nadler may be cons~dered. Since the 

chOlce of the size of the resolut1on boundary circle is essent~ally arbi-

trary-j th en a range wi thin the." limi ts of about 100 run ta 230 nm radius 

should not have a significant effect on the results. It must be expected 

though, that the incidence of shared gralns wlli be hlgher for a larger 

circle radius (230 nm) than for a smaller one (100 nm), as shawn in Dis-

cussion Tables 1 and 2. \ 

If in an electron m~crosçope radioautograph the distance between the 

perimeters of possible labelled structures is greater than twice the radius 

of the chosen resolution boundary circle, then this would effectively omit 

the need for a circle at aIl, since grains o~Jr these structures should be 

expected ta be exclusive to individual organ~lles. On the other hand, where 

al~ost aIl of the label is ln 5mall structures WhlCh are 

other than the distance allowed by the resolution of the 

closer to each 

radioautoJ~aPhlc 
technique, no methad can accurately discrlmihate between these possible 

sources. Therefore, any anaiytlcal procedures ta interpret the radioauto-
1 

gr~phic reaction must be expected ta be, at best, only an estimate of the 

actual label in tissues. 

, 
1 
! 

~ 

1 
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DISCUSSION TABLE 1 

Distribution of Exclus~ve and Shared Grains observed ln 

Experimental Tissue of Rat Thyroid Follicles 4 Hours after 

Administration of 55Fe in vivo (T~ssue suppl~ed by pr •. S. A. CassaI) 

if? 

''''---
As determined by the procedures of the Method of Nadler 

pr~or to statistical analys\is, with a 100 nID and 230 nrn~radius f 
.... 

resolut~on boundary circle 

Cir.cle- S~ze 

Exclusive Grains 

Nucleus (N) 
rEFI- (R) 

Mitochondria (M) 
Golgl. (G) 
Membranes (Mb) 
Colloid (C) 
Lysosomes (r (L) 

Apical Vesic1es) (AV) 

, Exclusive Total: 

Shared Grains 

N + R 
N + G 
R+M 
R+G 
R + Mb 

C + R 

C + Av 
R + L 

C + Mb 

Shared Total: 

Exclusive + Shared Total: 

Shared grains as a percentage 

100 nm 

18 
77 
13 

4 
14 
17 

2 
11 

156 

6 
o 

28 
2 
7 
l 
3 
8 
7 

62 

218 

-::J -total: 28% 

\ 

., . 

230;nrn 

17 
54 

l 
l 
5 

15 
1 
7 

102 

9 
o 

54 
6 

23 
1 
3 

10 
10 

116 

53% 
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DISCUSSION TABLE 2 

Percentage of Shared Grains observed in Hypothetical Tissue 

Standard Composite Photographs 

As determined by the procedures of the Method of 

Nadler Erior ta stat~stical analysis 

128 

Assessed with a 100 Dm and 230 nm radius resolution boundary circle 

'Hypothetical TissJe Percentage of Shared Gra;i.ns 
Standard Composite No. Circle Size \ 

100 nID 230 nm 

l. 19 30 
2. 18 34 
3. 18 35 
4. 22 43 
5. 16 34 
6. 17 41 
7. 23 40 
8. 14 35 
9. 14 29 

10. 22 .38 
Il. 19 34 
12. 18 35 
13. 15 30 
14. 21 37 
15. 20 43 
16. 16 39 
17. 12 28 
18. la 20 
19. 17 31 
20. 14 29 
2I. 18 35 
22. 19 43 
23. 19 37 
24. 23 42 

1 25 . 45 82 
1 26 . .L--(" 24 47 
27. 35 65 
28. 8 16 
29. 18 33 
30. 22 43 
3I. 17 41 
32. 

~~ 
34 

33. 26 

\1 
Average % for al1 composites . 

± 5.0. 18.7 ± 6.8 36.2 ± 13 .0 
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SUMMARY AND CONCLUSION 

. 
The technlque of employing a radioactive 11ne source specimen for 

interpretations of radioautographs was examined ln arder ta study the 

effects of various physical parbmeters on the resolution of the rad1oauto-

graphie method. 
. Il 

The implications of these effects o~ the size of the res-

olution boundary circle, which is necessary for certain quant1tative 
/' 

analyses, was investigated in relatlon to the application of the two main 

quantitative techniques currently in USB~ that of Nadler and of Blacket~ 

& Parry. Bath methods were used to determlne grain distributions usin(f'a 
\, 

small, lob nm radius resolution boundary circle and a large one of 230 nm 
. 

radius. These results were compared to those derived with a 0 nm circle 

where there are ,nb shared grain:; ,us eliminating the 

fu:~er statistical analysis. This was carried out by 

necessity for 

performing an ex-
, 

perimental study of the distribu~lon of radioactive 55 Fe , l'four hours after { 

,ildministration ta rat thyroid fOlllcles, (provided by Dr. S. Cassol) and by 

an examination of various (33) hypothetical tissue standards or cell 

mode Is,_ produced Wl th the aid of bio~ogic31 specllllens, photography and 
J,' 

computer-assisted randomization. 

Data were interpreted to indl,cate that both the methods studied were 

equally accurate in their estima~ion, of predict~d results. In adùition, 

no significant difference was observed between circfe sizes in the majority 
" "1 

of the cases studied. Therei\ was>; aiso no signific<int difference found be-

~ween both methods and results derived using the 0 nm circle. Since the propor-

tion of shared grains in m~t cases was less than 50%, it is contended that 

under similar circumstances, the practice of ~irect scoring isexpected to 
f, 

produce results that wpuld not be statistically different from those produced 

\\ 

~ 
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after extensive quantitative ~nalys1s. 

\ 

In the futijlre, "as further technologl.cal advances are made regarding 

r~dJction in the size of the sil ver brorrude crystal in the emulsion, the 

size of the developed silver grain in the radioautograph, ahd perhaps the . 
eventual introduction of ~e ability to physically control the direction 

of the path of radioactive energy particles (as,suggested by Caro, 1961), 
, 1 

resolution of the radioautographic technique will still improve consider-

ably. Nevertheless, for ,the present, the interpretation of 5ilver grain 

• J 
~istributions for ~~ IPurpose of qrantitation must still be made on an 

" intellectual basis. It i5 anticipated that the evidence provided by these 

experiments will facilitate this task and aid in the determination of the 

location and amount of radio-labelled tracer molecules in experimental 

tissue sections prepared for quantitative electron microscope radio- , 

au togr aphy • 
f' 

..". " • ..j 

," 
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