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“ABSTRACT

"Thie study ‘was nndertaken‘to;aésese tne.deg;ee to"which,;i;:.

cell nuclei change Hitb age, Baeedron’chercdndensntionvetete-end'

distribution pattern of the chromatin.
nNgclei were examined from the adult nnlenhoneefiy; Musca
_domegtica, reared under high and low activity cnndicione (male

',mean lifeapana' 14 and 41 days,'respectivelj). o
Computer analysia of digitized images of Feulgen staiped

nuclei from optic lobe Type I1 neurons, Halpighian tubule and

mindirect flight muscle, fron'the high activity gronp) showed

significent*age-releted,cbangee in chfonatin‘condensa;inng:aa'
defined by lnw,amediun and high density cbromatin connone
(LDC,MDC,HDC). Tbe*relative'prbportibn of each componenf was

-found to be both tissue and age-specific. No evidence was found

for-ggcgge:related change in°totaL;DNA-content} or;a_shift in
‘ploidy‘class freguencies. | -

T he condedsation staie.offche'brafn,nnecle;andtubnlei}
“huclei tends to increeee ﬁitn nge,,aithough'the»time coﬁisaidfw

the,condenSatiOn,event andithe‘dIEtribncion ef‘the”ﬁondensed."

'chrometin are tissuerspecific;‘ﬁ}nin nuclei changed more rapidly

,than either tubule or nuscle nuclei. "The anouni of RDC‘increases

two fold in the brain nuclei, and four fold in t he tubule

nuclei. This event - is accompanied by a7 to 10 fold increase. in

the 2-dinensional symnetry of the HDC diatribution pattern.:

Brain and tubule MDC showed fewer changes wich age conpared with

Hbc- S ‘7 ) 7'””' S ) '7 1 o . T ‘” ) » ‘7 e




~ between day 4 and day 1l4. Thé decondénsatioﬁ'event correspondé

reduction_by;déy 43(Qécondeﬁnatioﬁj'followed?by'3'511 increase

in time to the period of peak flight activity and flight -uacle
. N . ,
developnen:. ' -

- The type II neuron- nuclei fron the low activity gfoup
&howed a 3tgnificanf reduct%on~in the -amount of HDE,; “tfmt&lptfe&
to the high activity group, and a tendency to retain a l-day-old

HDC distribution pattern.

The results of pattern analysis indicate that the various
tissues of the male hOuseflyuhre aging at different rates and

that the lowest condeﬁhation state of a nucleus is associated

with the highest activity level of a cell.

iv
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INTRODUCTION . ., °

T he deﬁelopmentrbf ﬁultiéellulafrgféﬁﬁisms can usualiy be

divided into three stages characterized as cellular

oy

. .differentiation andlembryogénésis, growthvand maturation, and =

finmally senescence. The study.of the finalrstage isiééfértéd_to
és gerontology. | 3 ? ) a0
A common view.among geroncolog;sts (Hothschi1d§1§71|
Spha1,1§81; Miquel et ££~,1983) ié that seééscence ig‘the
rconseQuence of an error p;oéess or tge'accumulation'of
- ' ‘boténtially toxic compounds, of bo;h. The efré?’processrwéé o
. : first propesed by'Orgel (1963) and\suggésts that an error
‘ catastrppﬁe Qight occur if ﬁistékes were made during |
'translation, pafticulgrly if the errorB’invblved:prozeins making
up the tradslation machinery éuch'aso}ibosqmal proteiné’qr tRNA 
5ynthetase.‘0ver>;imethe éccumulapionzofwsuchfe;rotéhwogldWWWwwa 
inducé senesceﬁt changgs leading torzhe death of the organism.
ﬁoweVer,'Edeiman and Gallant (1977) artificia11y ?%evéted T
the error frequencfAnegrly 50 times i;\ﬁt;fgli.without any

detectable effect on the mortality rate. In a&dition, Lamb

(1977) elevated the error frequency in Drosophila by'including
s P : - o

amino acid analogs in their diet without aan observable effect on

their<lifespan. Appareatlyrergénismsmare~é&pablefofdﬁfeven%iﬂg—f ffffffffff -

3

an error catastrnophe from occuring by d

were translated

proteins mich mofe rapidly-than thosevthat
_ . g

correctly (dold erg and Dice, 1974),



* The accumulation of potentially toxic compounds generally

R

&

involves an age-related inerease 'in the amount of lipofuscin oﬂ\w//

the generation of 1lipid peroxides. The accumulation of

A'lipéfﬁééin is thought-to be irreversible and it is believed that
‘its presence in- some way interferes with normal cellular
activities;(H"hschild, 1971;vFinch, 1976). However, the lack of

expépimgntal evidence in support of this belief i's quite
prononcéd;'On the other hand, Davies and thheringham (1981) -
have shown‘that tha_age—ﬁelaﬁedlincrease of lipofuscin in the
supraoptic and paraVentficular nuclei of the hypothalamus :S&s .
not limit the'prdduétion of néurosécretory grénples,which is
'ghe5main~function of these cells, |
The'generation»of’lipidjperox;dés has been'described in

'detail'by Leibovitz and Siegel (1980). Lipid peroxidation is o

induced}g;’free radicals produced duringfnﬂrm&L*m%tdchondrialw~*~W o
respiration. Thésé radicals are produced as a consequence of the
initial~forma:ion of the super o?ide radical (SOR) which is

formed frbm'molecuiar'QiygenAbyI;he addition>of ﬁ‘single

electron. SbR is.actéd upon by superoxidé,dismﬁtase (SOD) to

producé hydrdgéq peroxide,:which cdan Bﬂen react with SOR to

produce the even more ﬁotent hydroxy }adical (HR). Secondéry

‘radicals, such as iipid or purine radieals, afe—&kseLpfeéﬂeedmbyﬂv”v—mﬁ
sok - HR acting on va%ieus bielegiealrmeleeuies%rfhe ,"
*abs;raction\of an glectron and proton from a-1ipid peroxy ’

radical ultimately leéds to the production of lipid peroxides.

T he significahce of.1lipid peroxides, with respect to cellular



.senescen@e, is that they decompose’to aldehydes which cross-link

proteins, lipids and nucleic acids (Fleming, et al., 1982).

Antioxidants Such»as butylated hydroxyvtoluene (BHT) have

a

been included in the diete 5f mice to minimize the production‘of,‘

2

SOR, with a subsequent increase in the mean lifespan of abOut

45% (Harman, 1968). However, itris not clear if this was due to

‘ e

free radical quenching or if the ﬁHI advereely affected
appetite, causing the mice to eat less. This is an important
consideration sinee reduced food consumption can also increase
mean lifespan (reviewed in Finch, 1976). A similar stndik -
enB;gxinggﬂitamin Cias the antioxidant;‘had no effect on meanaﬁ
l1ifespan (bavies, et al., 1977). | )

. The lack of experimental evidence in support of error or

toxin accumulation theories has stimulated an interest in models

whigh are primarily cencegnedﬁwithmage'relateduehangeswat~¥hem¥—
nismic level. Such models recognize the fundamental nature
of the aging process as being due to a highly integrated

sene scence program at the cellular level and not due to aome
unfortunate error or waste buildup. In this regard several
authorns (see re;lew'by Everitt, 1980) have proposed models
involving an age relatedAbreakdownAQf the interaction betWeen

t he nypethalamus.and the endocrine syStemkiﬂmammals.‘¥hese'*‘*‘
models are generally referred to as'theiﬂypothalanieuELeyaeyum——————
or Disregnlation thepries.TTheae thedries suggest~that the aging

of the organism as a whole begins with the senescence of the

hypothalamus. Intrinsic aging of the hypothalamus decreases its



development when transplanted intbraryoung Bosf;fPenglédeHuédéw

sensitivity to feedbackrinhibitipn or stimulafioh by”circulating

hormones. A notable tonsequence of this altered threshold .in.

mammal ian females is the loss of the reproductive cyclé;

typically in the second or third quarter of the lifespén./

"Transplantation experiments have been performed to test the

l«poésibility,that the pituitary gland or the ovaries may be

réspdnsible for initiating the onset bf,menopauSe. Pecile et al, vi
(1966)Qwere able to show that post-reproductive female pituitary

glénds are capable of supporting postnatal g}owth énd

, _ , N : ,
(1972) havé,showq that the ovaries from old rats {16+ months)

: ’ ) ) N - ' - » ) V . \
regain their estrus cycle (as monitored by vaginal smears) if

implanted into young hosts (2-7 months). When prepubertal

ovaries were transplanted to old female rats more than 80%Z of =

the yo ung ovar ies failed “to re gain their ¢ ;}'7(‘:1"8"3 B ’e*Vé"n Wt’h*ﬁii'gﬁ “the

control transplants,(young ovaries to young hosts) were more

‘than 85Z successful. They were'alsorable to show that some old

rat pituitaries (18+ months) were capable of éﬁpporting ovarian

-

cycles in young hosts. ﬁ : d/p
On the other hand, several studigs concer ing‘thé

neurotransmitters Dopamine and norepinephrine have shown

Significant'ageirelateﬁ“thﬁngesVfﬁ;fhé'EKmmifiﬁﬁ‘@fﬁfﬁi‘ﬁﬁﬁéﬁfﬁéff;g;
and horepinephfinerare bqthsynthvétzedfruﬁtyrﬁxinévinthé‘
rate limiting‘enzyme tyrosine hydrox&lase..Finch (1975) and - |
Jonec and.Finch (1975) have obse;ved'significant red@dtionsrin

the amount and uptake (by synaptic membranes) of Dopamiue in the

' c
1h : : -
y



hypothalamus and striatnm'of aging mice, They'also observed a

r;reduction in the turnover of hypothalamic norepinephrine. Algeri
_t/_L; (1983) found a significant reduction in the conversion of
tyr031ne to Dopamine and norepinephrine in t he hypothalamus of
senescent rats and they noted a regional specificity in the
age-related decline inftyrosine hydroxylase activity. This

latter observation had previously . been noted by McGeer and

" McGeer (1981) in hnman,brain, where a significant decrease in

"tyrosine hydroxylase_activity ocgurs in 6 areas of the bf?in,cwaw
while;11 other areas shéwed no change,mith age. The se results

are consistent with the aging hierarchy implied by the
»hypothalamic elevation or disregulation theories and suggest

D

that the various tissues of an organisim may not age uniformley.

That is, an organism may represent a mosaic with respect to the ,

s

rate at which its various tissue and cell,types age.

However, transplantation.andneurotransmitter stndieS'hayelf
’ : :
not provided direct;eyidence for an aging mosaic at the cellular

level. Monitoring'thefcell nucleus over time by analyzing the
interphase condensation pattern is one way‘that this could be

done. This ‘would not‘onlyhprovide an estimateiof the rate at .

which the nucleus is changing but would also provideva general

estimate of- cellnlar activity. This latter estimate is based on

‘the studies Of Harris Cl967)'involving the reactivation of avian
red blood cell nuclei and the subsequent effects on the
condensation state of the chromatin, and on several studies

which have demonstrated an inverse relationship between the
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t al., 1964; Ashburner, 1972; Daneholt, 1975; Lamb and
Daneholt, 1979). | '
Kornberg.(1974)‘add Felsenfeld (1978) hsvelsummsrited‘nUch

of what is currently known about the organization of chromatin.

The basic'subunitrof chromatin is the nucleosome, which onsistsre

of 2 each of 4 histones (H2A, H2B, H3, H4). Between 140 to 200

base pair (bp) of DNA is associated with4each nucleosome.

section,of DNA connec;ing,one nucleosome to.- the,o&hetuis: R
C !

referred to as t he linker., The 1inker is associated with a fifth

histone (Hl), whiCh i8 believed to play an important role in

chromosome formation during the cell cycle (Reoz et al., 1977).

-

Chromatin aiso'contains many non-histone chromatin (NHC)

proteins many of whichmare”beiiggedwto,be involved in the
control of gene .expression (Spelsberg et al., 1976) and the
. maintehance"of chromosome stnhucture (ﬁcKeon et al., 1984).
| A | | - )
h existing in a/;ariety of

Interphase chromatin, tho

condensation states; is divided into two broad catagories which

—

are characterized by a low density of diffuse component

x

(euchromatin) and a high density component, referred to as -

" heterochromatin (lLsxi1 M BrwnTJ&mrJieteruu:hLomxin—Ls’i—

ﬁurtﬁer diyided~into,comstitntiyemandmiacultatiyeejorms=
-Constitutive.heterochromatin generally consists of highlf
repetitive DNA‘sequences, isrnon-coding'and is usually found in
the centromeric regions of chrooosomes.'Facuitatise

heterochromatin, however, is formed by the condensation of



the deactivation of oneiof the X chromosomes in human anoarat
females is accomplisned by maintainingrthe chromosome in. a
'highly condensed state duting'interphase. TbiS'proeeesiis e
referred to as hetetochrometinization (Lyéd;‘i97a).”

Since it is difficult to dietinguishﬂbetween,constitutive;,““
and tacultAtive heterochronatinratrthe lignt/nteroseoneﬁieneiir%”

these two types of chromatin are referred to simply as condensed,

éﬁ*ftfn?t:fﬁf (Littau é'f" at., TQﬁT Kf?ﬁr et al., Tﬁﬁ ' .
Euchromatin is generally found to be transcriptionally active,

while the activity of condensed chromatin is either. nonexistent
-

or'greatly,reduced (Frenster gi gl.,;l963;‘Littau et QL.,'1964;'

Panarnand Nair, 1975; Maclean and Hilder,,i977)Q The

-

>

_correspondence betweenﬂthefstruetuialweonfo;mationﬁoi—ehronetinW<;ﬂ*m
- ano ttanecriptional activity'has aleo been demonstrated througﬁf'
ultrastruetural,studies (Doneholt, 1975;’Lamb and Deneholt;
,1979}‘Hamkalo and Rattner, 1980) and DNAase I digestion studies

.

(Weintraub and Groudine, 1976).

'Condensétion of chromatin hee been observed during the,"

differentiation of insect flight muscle (Panar and Nair, 1975),

‘during the mitnretton”of“miﬁmnrtanmerythrotyteeffﬁer3h7T973jj“‘*“f*

& | o DR
and during programmed cell death-or apoptosis (Wyllie et al.,
1981). ' , ‘

Chromatin condensation also appears to be associated ﬁitﬁif’
the aging process. Phytila and Sherman (1968) and von Hahn

(1970) demonstrated an ageFtelated increase in the the rmal



stability of chromatin when 1 to. 31 residual histone was left

- Tl T T ‘* .

_intact. Purified DNA showed no such ‘trend. Subsequently, 0 Heara~
and Hermmann (1972) have shown that chromatin from the liver of

old mice is more~resistant to'salt dissociation-than liver
chromatin from young mice. Trauscriptioﬁal activity was shoﬁu to
decrease over the same time period.vHowever, ‘biochemical- studies

.

such as these are unable to provide information on spetific cell‘~'

P3

. types.,ln addition,_the comparisons are usually restricted to

two age groups without ~any regard for the time course of the

e Ventoﬁ.
" Fankboner (1978), using microspectrophotometr&;fattempted
to show an age-related inpreaee inrthe coudenSatioh state of

nuclei from a singlehcell type in mid-gut epﬁthelium from the

’ desert locust Shié % erca gregaria. However, it was not clear

:from this studyrwhether t he observed change was duee to
maturation or to aging. In addition, nuclei were examined frOm
,ouly t wo aée éroups. Ultrastructural studies of neurons from the

brain of Drosophila (Miquel 1971) -and from the optic lobes of .

the scorpion»fly,vPanorpatyulgaris_(Collatz and Collatz, 1981)

‘have shown a general increase in the condensation state of the

nuclei, in parallel with a decrease 1in both nuclear and cell

area. No attempt was made to examine the condenaation state of

" different cell types and in the<caaerof Miquel (1971) only two
age groups were examined. i

: Thedpurpose of this study was to examine the condensation

state of three tissue types from several age groups 1in an



attempt to ansietrtve:ﬁasic questions.-Firat; does the

condensation state of cell nuclei change with age and second‘ if

Ait does, is there any indication that the change is tissue

fceli nuclens is,genereted'which'can befsubjected to’netfefn

' after adult emergence (Rockstein and Bhatnagar, 966§ Clark and

specific,with reepect,to_both t he pattern and t he tine,course~of
the event. To this end I have used computer‘essisted
Feulgen*mictospe;trnphotometry, Ghe:eby a digital image of a

analysis after'the methods-of Wied et 1. (1968),_V1dal et al,

——
4

(1973),\and Sberwood et al, (;97@):
The male housefly was chosen for this study for th,ee ‘main

reasnns. First',all of the adnlt ttssues, with the excep ion of

'the !erm line, are. post-mitotic (Clark and Rockstein, 1964). ‘f,

Second; it is known‘khat the male ‘housefly is fully mature 1 day |

-
Rockstein, 1964),4and third; the adult male_has a relatively

‘short mean lifespanAwhich can be varied from 2 weeks; when- -

reared under high activity conditions, to 5-6 weeks when reared

: = A T
in isolation (Sohal and Donato, 1978),.
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e

..

Histology

.

~Preliminary histologlcél;preparations of the brain and the

Malpighianetubules were done 1nrorderrto facilitete'prepsration

of the tlﬁ%ueS'for’microsbectroohotometry.'
A cross:section of the brain;Astained with Schiff’s reagent

show

endjc,untwr—s,gi,ed;g h I-‘glt,mG,reen4 is s n in-Fig. 1. This

o+

~section is viewed from the‘anterior,agﬁ;isvapproximately midway.
through the brain. T he brain consistSfof %Wo relatively large
roptic lobes (oL) at either end of the pars intercerebralis (PI).'

al

The neurons used 1n this study are typefII-heurons from the "h

optic lobes. These neurons have a diameter of 3 ;o 5 pm, are .
, e - B S B —

monopolar and have Very little cytoplasm (Sohal et al., 1972).

They also account for hearly 601 of all neurons in the optic('A
lobe.:Large clusters of type II neurons are indicated by the

solid arrows in Fig. 1,,An electron_micrograph»of,a single type

T Il neuronflsishown in Fig. 2. . Ve

' Malpiglitan tubufes in the housefly occur-as tuolpaLrS?of"a

’!yhulﬁﬁ,iliﬁiég,OH either side of the;gut and are attached by a

single duct whic hﬁjoins the gut at the ventricular—pyloric

junction.‘One peir occupies the anterior region of the abdomen.
while the second pair occupies,the,posterior,regionﬂ(!igim3). :
The anterior an% posterior tubules are about 0.1 mm in dianeter

with the anteriorbtubule being longer with a total length

)



“lia

Figure 1. Crosséctibnjof'the brain from a lfday—oid ﬁduiq;_
. male, M. domestica. : ;, ‘ S | “-; R
’ The section is'aﬁ.antériqg vféw,lmidway fhrough

: é the brain, showing the pars intercerebralis (PI),
.7opticzlobe3’(0L)'and‘a ‘part of the ommatidia.

Clusters of ;ype II nguronS'are'indiéated by the'

‘arrows. The ;is%qgiy§s>{i;g§ 1p,1QZ buffered

formalin (pH 7.2) for 1lh, stained with Schiff’s.

t,

reggént for lh; d¢hydrated and emﬁgﬁded in = - ' o
parapfaSt (paraffin wax),Szzgioné weré cut at

ed sliHés, dewaxed,

5.0 um, mounted,oh a1Uﬁmuni
) . : J

hydrétéd,and counter-stained for 1 minute with

0.5%Z Fast Green;-after wh;ch;tﬁersectionsiwére>;”. , ”; o
dehyrated,cleared in xylene and mounted in

Permount. (Mag. 130X).




11b



12a

~ Figure 2.

Electron micrograph of a type II neuron from.

the optic lobe of a l-day-old aduLtﬂmqle,

M. dohestica.

Nuéleus (NY, cell~mémbfaﬁg (Solid arrow).

Isolated brains were. fixed for 2h in

.,KarnovskY’s,fixatiVe (252 formaldehyde,

25% glutaraldehyde, 0.2 M sodium cacodylate, .

4.6 mM CaClz),ipost—fixed in 0.1%

V4

080, in 0.1 M cécodylate_buﬁfer (pH_7.2),

for 2:hqurs at 4°C. The tissue was embedded

Reynoldsf leaq,hydroxidg—citraté4(452 w/v

Lead Nitrate, 5.9% w/v sodiium citrate) and

in. 50%Z Ethyl Alcohol. (Mag. 18,500X):

__in Sﬁurr'e#poxy media and sections stained with

counter-gtained with saturated uranyl acetate
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Figure 3.

a

3

Diagramatic sketch of‘the Malpighién tubules
from the adult, M, domestica; indicating

the point of origin at the ventricul ar GV)
pyiofic SP) junction. Anteriof-is towards

the top of the ﬁage, (Mag. 50X).:
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(both arms) of about 22 mﬁ as compafed to 13 mm for the -
pysterior pair. The ext?a lengtﬁ of the anter;or pair igrdué i#
part to é bladder liké section at thé~di§ta1 gips; t he éxacf'
ufunétionfof which is unknown‘(Millef, f965). fhe posterior = : ‘s
tubules alone were used in this study. The tuBule wall_is one |
ce11 th1ck, aﬁd'is copstructeirby the'heiicalloppositioﬁbof two
cells (Fig. 4A); A cross-section of the tube shows ;hat-fhe.'

large nuclei have é’flatténed profileron the surface facing ;he.

lumen of the tubule (Fig. 4B). The plano-convex profileiof this

_nucleus appears to be a common characteristic of Malpighian -

tubule nuclei in Drosophila (Miller, 1965) and Rodnius

(Wigglesworth, 1972).

Rearing -

Adult houseflies were reared according to Rockstein and

-

ﬂyeberman (1959) on milk powder, sugar and water in 3.1 liter

v

nylon mesh cages. The colonies were maintained in an incubator

at 27°C, 40% relative humidity’add a 15h photoperiod. The se

males constitute the high actizlﬁy (HA) group. Tissues processed 5
from this group includediérain, Malpighian tubules and fligﬁi
muscle. | | o

) : - -

- A second gfbup of male houseflies was reared individually

in small (3&0 cc) ﬁylon me sh cages at the same'tempefaturé and
relative humidity as the HA-group and they constitute t

activity (LA) group.
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Figure 4.

4

Micrographs of Malpighian tubules from

1—&éy-old‘adu1t male, M. domestica. .

'(A) Whole mount, (B) crosé-section showi&g/

the brbfile of a tubule nucleus.

A: Isolated tubules were fixed in-10% buffered
formélin(pH'7;2) for lﬁ, sta;nedwith Schiff’s
reégent fér lh and coﬁnterstaine& in 0.5% Fast

Green for 1 min.,.followed,by'déydration,

clearing in xylene and mounting in Permount.

(Mag. 225%) .

B: Whole abdomen was fixed, ;éained with
Scﬁiffs' reagent aé in (A), dehydrated and.
embedded in Paraplaﬁt (embedding wéx).
Sections were cut at 5.0 pm,'mounted on
albuminized slides, dewaxed, hydrated and
counter-stained with 0.1% Ebsin,‘dehydratéd, ;
cleared in Xxylene and mounted in Permount,

(Mag. .1480X).






Tissue PrgmaratiOn e ‘i«riff‘ . : : , e

‘Adult HA-males were collected, anesthetised very-briefly

: with C02, .and then decapitated. T he heade,'ebdomene and thoraces;
were fixed in bulk in . buffered 10% formalin (pH 7.0) for 2h -

after which the tissues were washed for 2h in distilled water'
and-then stored in‘7OZ'ETOH. Further processing occurred after
all tiseues from each‘age group hed been collecteda Thisr
involved acid hydrolysis in 3.5N HCl for 30 minutes, as tbie”wes”
determined to .be the optimal hydrolysis time, at 37‘Cw(Fand,‘
1972), followed by staining in fresh Scniff 8 reagent (Beeicl
Fuchsin,Rarleco) for 1h.in thedark,4lhe:bulkwstained_brain,
Melpighian.tubules and muscle were dissected out end cleaned of
- fat body and trachea. The segeratedopticlobee,ﬁalﬁighian
‘tubules and muscle tissue were squashed on gelatinized glass
slides (coverslips were removed by the‘dry ice methods,r

i

dehydrated; cleared and mounted in o0il of matching refractive
=7 : ’
index (nD = 1,56, Cargille). Optic lobe and flight muscle tissue

was obtained from 5 individuals per age'group;_whereae tubules

were obtained from 4 individuéls per age group: Nuclei from the’

_brainAwere examined from 7 age groups.(ﬁ—hour, 1 day, 2dayL

3-day, 4-day, 8-day and 14—day), while nuclei from the tubules
and flight muscle were examined from four age groups (l-day,

4-day, 8-day and 14-day). Age groups beyond 14 days have not

been included to avoid problems of cross-sectional samplingv



: ~ . : T . L B
within four hours. Squashes were also prepared from

VFeulgenfstginédtgséisfto'establish-thgploidy levels oflthé' 
bféin, tubﬁle aﬁd ;qgcle nuclei. fhe:nu¢1eimeésured in‘tﬁé 
brain'were from'TypevII optic loﬂerneurqng (descfibed‘ébove);f.
All‘refefeﬂéerto hrain'ngcleivwiil be:ﬁndérstoqd fo’méan thiS',~
" neuron exclusively. in the tubules, nuclei éf'ail classes
presentwére‘méasured at fahdom. A ;dtal of 150 nuclei was ‘@
measured from ﬁﬁe brain and lﬂﬁrﬁram;éhe tuh;lésffexze#eh#g&:
érohp; Qhefeas 50 nuclei per age group were measured in thg

flight muscle. X ' | / |
rOptic lobe squashes were prepérgd from the LA~males as

o

"described above. Malpighiag tubules and flight muscle were not

&

processed. 75 nuclei, from type II neurons, from 3 individuals
_were measured per age group. Allrrgference tortissues~ffom the

'Lhigh activity group will'be siﬁply brain, tubule or muscle, "

- Microspectrophdtome;ry’ -

All'measuréments were obtained with. the Scanning Microscope 7
Photometer (SMP. Carl Zeiss) which is on line with PDP-12 and-
IBM-3033 computers. The diameter of the mmuLLng_aJmﬂ%w&si

0.5 um. The Feulgen-stained nuclei were scanned at 575 nm using

~a step size of 0.5 pm. In all cases, the age of the tissue was

unknown while the slides were being scanned. kk /
} \ ,



of selecting a suitable optical density (0 D ) that will se r ve o
as a boundary separating noncondensed chromatin (NCC) from
condensed chrOmatin (cc). Although some‘authore have adopted Ad
single boundary solution (Vidal et al., 1973; Sherwood et gl.y.
1976' Mello, 1978) I have not found it to be . entirely
'satisfactory and instead adopted the. following procedure.r
An initial boundary (IBND) separating NCC from CC was
caleculated _hyﬂshe meihed of !Lidal—gt_; als (L&?&} u:sin;gwnu—elei
from_the l-day~old group for each tissue:type, Next,»the average
maximum optical‘density (ODMAX) was obtaineh'for.each‘cellrand
4,ploidy type, and from this a midpoint (&ﬁMID) betﬁeen IBND and
ODMAX was calculated. This procedure generates twg_major
chromatin components,,the non-condensed or:low. dennity componenti”t;”,
e -

(LDC) extending from an optical density of 0. 02 up to IBND .and'

- 7

a condensed component3 extending from IBND to 2.0. The condensed
. ,‘b'
component is further divided into two subcomponentS' the.Medium

-
“«“h‘b =

'Density Component (MDC) extending from IBND to ODMID, and a High
Density Component (HDC) extending from ODMID to ODMAX; T he
location of these components over an optical density range of

0.02 to 2.0 is diagrammed below. ODMAX will always be less than — —

ioreeQHal to 2.0, IR ,ﬁ,//fim,;im,w
‘ . ) - (N
| Non-Condensed Chromatin Condensed Chromatin A
| :
I LDC MDC | HDC |
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extract several image features per compon@nt relating to the
T k“‘j" j ;i&aw

magn@tu&e and spatial symmetry of the condensation event., In
i 5, o

addition, two global features were extracted'which are

independent of boundary intervals, These features are described

e
N & ’n.

briefly below' e
l. GlobaL:?Eatureef
a{y!¥etal nuclear 0.D. The sum ;f all 0.D. values makiug up
the digitized image. Thisrsum is. prepertieuelgteuthe
total DNA content of the nucleus. ; |
- b. Total nuclear area (TNA). The number of values making up
< " the digitized image. |
TZ. Imaée Features:' 7 7
a. Total 0.D. of the High and Medium Density Components
(TOHbC, TOMDC). expressed as a percentage of toteli
nuclear dNA.
b. Total Area occupied by the MDC and HDC (TAMDC, TAHDC),
Vexpressed as a percentage of the total nucleer area;

¢+ Symmetry Index (SI). An approximately circular nucleus

can be divided into four nearly equal quadrants. SI

gives a measure of how e1enlyethefcnndensedgchrnmat1h

(either MDC or HDC) is distributed over the four .

quadrants.'SI will range from O (perfect asymmetry) to
10 (perfect symmetry) and represents an. idealized

symmetry.

d. Quadrant Symmetry Index (QSI). This is-an estimate of



'HDC.
. é.’ T he N;ﬁber'of,Condéﬁsed Ch;bmatih Cluster$>§NQC).‘Refe:s,_
“to one or more 0.D. values in the HDC_ofMDC range which
-~ are sufréunded by another d?qponénf;' |
o R A
f. Cluster Distance Index,(CDE). This es;imatesrthe ayeraggj_
distance of MDC or HDC clusters frohAthe.geome;ric '
Qcéntér’df the nucleus afid expressés it ;s a pefcéhtagé

of the nuclear radius. ‘ a ,j, ";,W4fW,i4thTijW,

r

Data Aﬁ&lysis-
' éompafisons betweeh the'diffgrent age groﬁps bagéd on tﬁg
1mage’features were analyzed for significance,using'the"
‘nonparametric Kruskal-Wallis test (Bartels, 1979).
The features showing the.greatesﬁ'différengeé wét§ th¢n

used in a non—parameftiq discriminant analysis in order to

AR

classify nuclei from various age groups as belonging to either

the 1 day or 14 déy old groupé. Fundahentalvto this.

élassification is the calculation of an ambiguity function -and

L~ -

mérit value for_each'féathre,oyer é §pecifiediboundaryrinterval

._(Bartels,,1979), The m¢;1;~yaLugj15,calgulaxgdﬁfrqnljij — i
following expression: - .
Meriti=porimg + 0.5(1.0 f;Ambiguity)." P ' o ,?

Dpriﬁe_and Amb guity are independgnt-eﬁf%mates of the degree to

which the d tributioh of a l-day feature ovefIaps with the

distribution of the same feature from the 14-dayvgtoup; If there



;sjnhunyerlep,ieijhe dijﬁxiﬁniinns*enhxine; 1al
‘Ambiguity will equal 0. The Merit value will then be equal to“

1.0 (Bartels, 1979). The features with the highest merit values,

are then:used ;otgenerate e/trainieg gset by a program called -
_LEARN.vThe traiein;}eet is a'eollection of:fea;ufe valuee which‘

serve ;s decision‘bOUndriesrin a'cleesifieat;OQ.proce&ﬁreffgy_ 
app171né‘the decision boundfies;,a'd;elees’can'be eseiéned to  ”
either a l-day or l4-day group dependipg‘pn_whether the

corresponding feature vaLgeervthat_parﬁiJularaneleneie
greater or lese>then,the.decieien:boeedefy; To illustfetegr

consider a l—eéyvaed l4-day gfeup and t he feefure TOHDC (toﬁ31 

0.D. of the high deesity componentfas,é pefcent'qf totaljnucleer
‘DNA); A-hypethetical analysis.éhoes'that/TOHDC.eCCouets for 10%

of total DNA. in. ‘the 1- day group and 30% in the 14-day group.,The,;lﬁir
!program LEARN evaluate:\%ﬂe frequency distribution of TQHDC for

both gtpuPS'simultaneously and decidesAtha; the best depieion{
- boundary 1is a TOﬁDC of-JZZ. A deeisionrule could tﬁen be as
follows: aesign‘the hueleus to the lé4-day groupiﬁbenTOHDé is
*greaﬁer than iZZ, otherwise assign it to‘the leday~group;‘The

~ features used in the classification procedure were extracted

from the high density coﬁponenﬁ. L Me,,,f”,ef?, o
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’ The'snrnivaicntves fer‘tne high aetiv;tf (HA)denddfdv; 1‘ ;jz
éetivity (LA) groups ere.sﬁswn in‘Fig, S fhe HA~meleejn;d,e7ﬂ
"mean and maximum lifespan of- 14 and 34 days respectively.vThe
mortality of the males at 14 days is 70% increasing to 90% by
'dhy_17, T he LA-males.had'a meen.andVmeximunflifesbentof 4I'and

64 days tespectiﬁely.rThi§’grdup'did not reach 70% mortality N

gt

until day 46,'inereeeing£td_90Ztatrday 60,
One external sign of ege’ia the iake heusefl}Q}Sfﬁtay;eg‘lfv
‘and eVentuéI.IosS of the wings (Rogkstein andBranét,.i963); 507
of the HA-malesiwete'grounded due to tne ioss Qf on:\gr bOth;:
wings by dafﬂd, increasing to 80% by day 8 The LA-males :
retained-both‘wing;;nntil day 10, with 5%2 losing one or both'“
wings between dey 11 and day 147(Fig,»6.); ,V;W !‘
Fig. 7 Shnwe tﬁetptelDNAcoptent (expteseed as log, ef
totel O.D;)'of the brain; muscle and.tubule”nuelei from 4 age"
grnups;lThe>typefiI-neurons are diploid, since theravetage O.D;‘
ve;ne‘is dnuble that of the haploid spermatid nuelei, wheteas
-ltne mnscle nnclei are tettaploid. The/tunnles consist of a»’
ploidyreiasses of 8cC, 16c; 64C and 1286”nuc1ei. ‘The shift in'the
proportlons of 64C and 128C. nuclei betneen day 4,and,day,l44ia ;;;
probably due to the fact that the . maleeynpulatian cantains : ,;;;t,
1nd1v1due1?,with variable proportions of these two ploidy | |
classes (Table i).— ) e | e "‘ ' .
Sohal (1974) has identified three distinct cell types

.(I,II,1I11) making up the tubule and a fourth cell type (type IV)
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a L i ' e

. makingiup the ductsi The measnrements.of toxal,Q4D4,fro1LLhe, rmllll

o

rwtubule nuclei (Fig. 7) indicate that cell types II and IV

- correspond ‘to an 8C and 16C ploidy class nucleus, while Type I
and Type,ll$ correspond to 64C and 128C nuclei. T he assignment ,
of these ploidy classes is tentative;'as Soyal (1974)'did.not :\\
measure . DNA content but . only refers ro general size difierences.{'

' Inaddition, I have found four distinct ploidy clasSes‘in'tne
tubule (Fig. 7) which could mean that the type II'cellvhas both

8c andrlﬁc nuclei, or that the type 1V eell is not'restrictedto
lthe duct as Sobal (1974)" suggests. Considering the raritylof'the _?

-~

16C class in the tubule (see Fig. 7),,it~is»possib1elthat Sohal
(1974) could haVe'oveflooked':t in.nis ultrastructural studies.
The 64C and l28C'huclei range in diameter from125 to 45‘um and
the 8C'and l6C nuclei.are between IOLand;IZgum, Three principle
cell t&pes can b% seen bulging from the tubule in the scanning
electron nicrograph shown in (Fig. 8). | |

Sohal. (1974) observed a .random distribution %f cell types'
I, II and III along the tubule. The distribution of t he se cells
was examined in the present study by:recording both the totalr
0.D. and relative position of'each.nucleus in tubulesfrom(tdo
individuals;'The position of the 8C and lécvclasswwas,recoxdedw;l,;ﬂ L
in only one of the two arms. The results . (Eigi 9A,33),showe¢, /‘L'
that while there is some tendency for the 64C and 128C nuclei to |

appear as clusters, they are distributed along the entire length

of the tubule. . . ‘
&" 3 —
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Figure 5.

Survival curves for hi,/gh”’activ’i’ty' (@) and

low activity (O) adult male, M. doggstica;

The curve for the high activity group 1is

an average
a total of
~was reared

mesh cages

.with about 300 males and 300

frbm”four colohiés represent{ng
1233 adult males. Thisrgroup

in large (3.1 liter) nylon

.-females‘per/cage. The curve for the 1low

’ fespéctivély for the high and

activity group,yé based on 20 adult males,

each feared'ih separate‘sma114(340 Ec)
nylon mesh cages.
The mean lifespans are 14 and 41 days,

‘low acfiVi;y ,
group. The means (X) are calculated from-

the followiugJexpréssion (Weinburg and

Shumaker, 1974):

X =

0.5 + Tfx / N

where fx = the number of individuals dying

on a giQen day times the number

of days tﬁey‘survivéd.

3 - - -

and N

|

tdgél'number of individualhain

the population,
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Fiygure 6. The p'er'cent of adult ‘tﬁale, M. domestica that;

have lost one or both wings with age. The -
number of individuals scored per day is given
in parentheses. }

@® High activity group (75).

O Low activity group  (20).
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Figure 7.

Frequency distribution of DNA ploidy lgvels in

nuclei of brain'(Open bar), flight muébcle

(hatched bar)'agd Malpighian tubule( (sglid bar)
of adult male M. dOmestica; detefminéd by

Feulgen-microspectrophotometry. Numbefs of

nuclei measured for each tissue are given in

- parentheses. Brain (150), flight muscle (45),

tubule (100).
Az l;dayfold

B: 4-day-old

C: 8-day-old - ‘ '

D: l4-day-old .
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| ' Téﬁle 1 1ngr ‘,> ' _;;;,W”m;;wwwwﬂ
The relati?e ptdpdrtionsiafrﬁﬁe andT%ﬁé‘nutfeivpresént fﬁ. "
.the ﬁalpﬁigi;n tubules'of higgactifityladuit‘ﬁéle; .
M. domestica. o }

- v e T e S e W e e W GEr G W e G e S e G e M AR G G M ey Ge e S R N e b G e S I WS E e D M 96 WS G TR S W

| A B c D
Age mmmmmmm oo A Sy
(days)  64C 128C 64C  128C 64C  128¢C 64C 128C
1 95 5 25 75 32 68 5 95
4 44 56 80 20 28 72 64 36
8 100 0 100 0 90 - 10, 60 40
14 95 5 67 33 95 5 86 14

The table values are percéntéges1of—approximately ZOrnuélei
per individual. Each age group consists of four‘(A,B,C,ﬁ)-

individuals.
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Figure 8.

Scanning electron micrograph of a Malpighian

L

-

"tubule from an adult male, M. domestica.”

The micrograph shows a,ﬁortibn of one pair of‘

tubules (T) attached to the duct (D) ‘and lying

prvy

'Qverrthé gut (G). Three'principal Eélilsizes

can be seen bulging from the tubule. (Mag. 140X).

'VWhole abdomen was fixed for 1 hour #n 10% formalin,

dehydrated through an alcohol and amyl acetate

series and critical point dried. Arrowsfinﬁjzife

the various ceil*typeé.
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Figure 9.

Computerized sketch of «Malbighian tubules ftom two

the lr‘erlat’ive- ‘,i,o;sit 1orns'70‘:f -the f@)ur ploidy class -
nuclei. | | ' '

O 8C _ana. '176,C5nu"c1e5»i'7. -

O 64C nﬁcliei.‘ | : : R
@ . 12'84(73 nuclei. ‘ o - o

¥ Nuclei that vere not measured,

(A, B) 1-day-old adult male, M. domestica showing -

The 8C and 16C nuclei we‘rergArou'ped‘ together due to

the rarity of the latter class, and ivepe.fr'e:cqrded
in only one arm of each ..tu'bulév."The\»v'ertical.

section indicates the location of the duct.
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Pattern anaiysis of the tubule nuclei showed significant
'changes with age in the 64C class but nqé in the 8C class
(Tables 2 and 3). A significant HDC condensation event occurred

in the 128C class between day 8 and day 14, with no change

between day 1 and day 8. (Table_4). However,}since the very

-

"

rlérge size of theféznuciéi predisposes them to possible
distortion during preparafion, no conclusion is being drawn from
this event of to any eventvoccuringvin the MDC (Table 5). The

16C class w;s‘notJanalyzed due to its rarity (F?g. 7).

Therefore, unless the ploidy class%is explicitly stated, further
reference to tubule nuclei will be understood to mean fhe 64C
clasas only.

Total 0.D._as a function of age in brain, muscle and tubule
nuclei is-shown in Fig. 10, Total 0.D, does net;chaage
iqigpificantly in ‘the brain (P > 0.05), although a slight
(10—122) but‘s;gnificant reduction éccurred in the muscle, 8cC,
64C and 128C tubule nuclei (P < 0.05). |

The relative pféportions of the LDC, MDC and HDC in the J’r
brain nuglei are shown in Fig. 11A., Only 4 age groups are showﬁ
in this Figure for clarity. Af day l'the brain nuclei contain
approximately 30%Z LDC, 40Z MDC and 27% RDC. These proportions
¢ghange significantly by day 4 with a reduction in LDC and MDC to
172 and BO%Grespectively (P < 0.01). fhis is associated with a
highl§ significant increase in HDC to nearly 50% of total DNaA (P

< 0.01). The day 4 proportions remain unchanged througgfbo day

T

14 (P > 0.05).



Table 2
‘Méans‘and standard deviations (SD) for the medium density o
component'(MDC) of 8C Malpighian tubule nuclei from high‘

activity adult male, M. domestica.

o T e e T e S G @S R G e W S S S S S S M S M G e S i o e e R SN A A S S e G M M g Mg gm M e fme e e e e ——

w
1 day 8 day 14 day

Feature

Mean + SD\ Mean + SD Mean + SD
TOMDC 37.8 + 10,2 49,0 + 21.4 47.6 + 13.0
TAMDC 26.5 + 10.5 38.9 + 20.6 36.6 + 12.9
ChI 59.6 + 3.6 55.7 + 5.4 55.0 + 3.7
NOC 7.9 + 4.0 3.3 + 3.2 4.1 + 3.5
ST 2.8 + 1.5 4,8 + 2.6 4.4 + 1.8
QsI 3.2 + 0.5 3.4 + 0.7 3.3 + 0.6

- — - —— s -y e W M R e e e e e mm e e W e G D M ME e W = S A W e e e e e —

Differences between the tﬁree age groups, for any feature,

is not significant (P > 0.05). (TOMDC, TAMDC) total 0.D. and
total area of MDC as a percent of total nuclear 0.D. and total
nuclear area, respectively. (CDI) average disFance of MDC from
the center of thé nucleus, ;s a percentage o;’?uclear radius.

(NOC) the number of MDC clusters, (SI) symmetry index of MDC

clusters and (QSI) the number of quadrants occupied by MDC.
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{ - ~ Table 3 o ' I
Means and standard deviations (SD) qu'tﬁe'highmdensityﬂ*
component (HDC) of 8C Malpighian tubule nuclei from high -
activity adult male, M. domestica.
‘ 1 day 8 day 14 day

Feature :

Mean + SD Mean + SD Mean + SD
TOHDC 6.1 + 7.0 ‘9,7 + 8.8 11.6 + 7.4
TAHDC 2.8 + 3.9 ©S.h 4+ 5.5 5.9 4+ 4.1
DI 70.8 + 17.6 49.6 + 13.6° 59.1 + 14.3
NOC . 2.7 + 2.2 2.8 + 1.6 3.4 + 2.4
SI 0.2 + 0.5 O.4 + 0.6 0.3 + 0.5
QS1I 1.5 + 0.7 1.6 + 0.4 1.7 + 0.9

L ——— . ———— e R S e e e e B SSRGS G T R e S S Em SR R R M G - e M EE A S T n me W M e e S G S e -

Differences betwéen t he fhree age groups, for aﬁy\jeature,

is not significant (P > 0.05). (TLOHDC, TAHDC) total O.D.‘and
total area of HDC as a percent of tofél nuclear 0.,D., and total
nuclear area, respectively., (CDl)raverage distance of HDC from
the center of the nucleus, as a percentage of nuclear radius.
(NOC) ¢ - a r of HDC clusters, (SI) symmetry index of HDC

clusters and (QSI) the number of quadrants occupied'by HDC.
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Table 4 - e
Means'énd;5£andard deviations {SD) £ermfhe~h4ghﬂdéﬂ§ityﬁhfW—;%W

c;iéonent (HDC) of 128C Malpighian tubule ﬁuclei from high

activity adult male, M. domestica.’

1 day 4 day ‘8 day v 14 day
Feature ‘ ' . S
" Mean + SD Mean + SD Mean + SD Mean + SD
TOHDC 9.9 + 8.8 10.8 + 7.9 8.2 + 6.6 18.5 + .9.3%
TAHDC 5.3 + 5.5 5.8 + 4.9 4.1 + 3.4 9.4 + 5.3% -
. m - - -— -
CDI 56.8 +11.5  53.3 +10.9  54.5 + 5.0 51.5 + 8.6
NOC 14.8 + 7.8 14,0 + 7.0 11.9 + 6.4 17.9 + 7.9
ST 0.5 + 0.6 0.6 + 0.6 0.4 + 0.4 1.1 + 0.6%
QSI 2.0 + 0.7 2.1 + 0.7 2.0 + 0.5 2.6 + 0.7%

e e S Sme D T TR S - A G G W S R M b e Gy S s G fem (e R GeE Ga feh e G AR S TS MR S . e e S e Ay s M e S S S - S p— —

The “#*’ indicatés a significant difference (P < 0.05) when
the feature is compared_tb that of the preceéding age group.
:‘(TOHDC, TAHDC) total O1D; and total.area,of HDC as a pefcen;
of total nuclear 0.D. and total nuclear area,‘respéctivelf.
(CDI) average distance of HDC from the center of the nucleus,
as a percentage of nuclear radqu. (NOC) the number of HDC
cluéters, (SI) symmetry index of HDC clusters and (QSI) the

number of quadrants occupied by HDC..



Table 5
Means and standard deviations (SD) for the medium deﬁsity 

/
component (MDC) of 128cC Malpighian tubule nuclei from high

—— e e - ——— T - — - = - e e e S A em s SR S Gm D MR G S R W R T TR s W e ae e e e e

1 day 4 day 8 day 14 day
Feature :
Mean + SD Mean + SD Mean + SD Mean + SD
- wn - - —— - - -—— - - - - - - ___._..____—" -—— - — . - -— - -—— - - - ——— /
-~
TOMDC 46.9 +12.7 53.8°+ 6.9% 52,4 +10.3 47.0 + 7.9
TAHDC 34,7 +14.4 41,1 + 8,5% 39.1 +10.1 35.6 + 8.4
CDI 60.4 + 4.3 59.2 + 3.4 58.0 + 1.9 58.2 + 3.8
NOC 22,2 +16.8 12.4 + 8.,0% 14,6 + 8.9 15.4 +10.5
ST 3.8 + 1.6 4,5 + 1.0 4.5 + 1.5 4.1+ 0.8
QsI 3.6 + 0.5 3.7 + 0.3 3.7 + 0.4 3.7 + 0.5

— e —— S e . e M e TR e R R S R P TR MR R R S A R G G e S S S E G G S G S G G SR G e R S L WD WD G En WE S T S ES e e e e e

The “*’.indicates a significant difference (P < Q.OS) when
tﬁe feature is compared to that of the preceeding age group. -
(TOMDC, TAMDC) total 0.D. and total area of MDC as a percent
of total ﬁuclear O.D. and totalinuclear‘area, re;pectively.
(€DI) average stance of MDC from the ceﬁter of the nucleus,
g@ a percentage ofynuclear radius. (NOC) the number of MDC

\piuste?s, (SI) symmetry index of MDC clusters and (0SI) the

number of quadrants occupied by MDC.
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Figure 10. Average Total nuclear DNA (expressed as

'Logz of total 0.D.) as a function of

‘,agé in high éctivity adult male, M. domestica.

O

Y
@
°

128C tubule

64C tubule .

8C tubule
Muscle

Brain

7 deviation.

-

All points represent the mean + standard )
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T he déminant components in~the’ﬁubu1e nuclei at‘day 1 (Fig;
11B) ?re LDC yand MDC, each accounting for approximately 45% of
total DNA. A significant reduction in LDC to 20%Z occurs by day 4‘
(P < 0.01), This reduction iﬁ LDC 1is accoﬁpaniedjby a |
significant increase in MDC to 60% ahd'HbC.to 1.8% (PV< Q;dl);

The MDC ffaction décreases significantiy to 53% by day 8 (P <
0.0l) while HDC increases to 292 {P < b.Ol)f The LDC does not
change significaﬁtiy'between day -4 anﬂ‘day;S.'The proportions of

—

these three components remain'ﬁnchanged between day 8 and'day 14
(P> 0.05). ’

The dominant component in the muscle nuclei at day 1l is ﬁhe
LDC (Fig. 11C), which accounts for over 502 of tofal DNA; while

MDC and HDC account for 327 and 11% respectively. The amount of

HDC does not chaﬁgé significantly betweenyday 1 and day 14 (P >

C.C A slighr but significant decrease in MDC occurs between

dfay 1 and day 4 (P < 0.05), and is accompa;ied by an increase in-
LDC from S54% to near;y bq;. The amount sf MD ¢ increases
significantiy (P < (C.01) betyeen day 4 and day é an& again
bertween dav 8 and day 14, when it accounts for 40% of total DNA.
This increase is associated with a propo;tionaljdetrease in LDC
to 404 of total DNA by day l4. |

Subsegquent results from the HA—group'wiil be concerned with
-a closer examination of the HDC from the braia and tubule, and
the MDC from the muscle. With two exceptions {described below),

the magnitude of change in the MDC of the brain and tubule

{Tables & and 7} is neglible compared to the HDC. HDC from the
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F%gure 11,

%

e
B,

Relative proportion-of,the}low,density, LDC

(oﬁen'bar), medium density, MDC (hatched bar)

and high density, HDC (solid bar) c@mponents in

brain (A), 64C tubule (B) and flight muscle {(C)

nuclei from high activity adult male, M.

-

domestica. The amount of each component 1is

expressed as a percentage of total DNA.

‘At The relative pfapcrtioﬂs ef LDC, MDC and HDC

change signifiéantly (P < 0.01) in brain
nuclgi'between-day lvand day 4 with no
significant change (P > 0.,05) between day 4
‘and dav 14, |

B: The- proportions of LDC, HDC‘and HDC change
significantly (P < 0.01) in tubule nucléi
between day 1 and day 8, withiﬁo'significant
changé (P > 0.05) between day 8 and day-la.

C: The proportions of LDC, MDC ahd HDC cﬁange
significaﬁtly (P < (.01) in flight muscle
nuclei throughout the 14 day'intervél.

The brain and tubule nuclei exhibitr a progressive

increase in the condensation state, whereas the

condensation state of the muscle nuclei decreases

before it increases.
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Table 6 S s
Means andistandafd'deviations (SD) forAﬁhe~mediﬁm deﬁsitj' 
componenﬁ.(MDC) of brain nuclei from ﬁigh aétivi;y’adult
‘male, M. domestica. | |
1 day . 4.day 8 day 14 day
Feature - o0 . , S
Mean + SD -  Mean + SD " Mean - + SD - Mean + SD
TOMDC 44,2 + 8.6  33.4 +10.7%*  31.1 +10.7  31.0 +10.4
~TAMDC = 29.4 + 6.9  25.0 + 6.4% 23,4 + 6.8. 23.9 + 6.4
cD1 48.7 "+ 5.3 58.0 + 6.7%  58.5 + 7.3 59.2 + 6.9
NOC 1.7 + 0.8 2.2 4+ 1.0 2.3 + 1.0 2.4 + 1.1
SI ‘ 4.1 + 1.[4 3.4 +1.7* 3?3 + 2.0 § .3.3+ 2.1 -
QS1 3.2 + 0.5 3.2 + 0.5 3.1 + 0.5 3.2 + 0.5

—— e am . e e S e W R A Y e - Sy S S T e v e e m T W e W M wm e em e e Em e e G

The “*’ indicates a significant difference (P < 0.05) when

tHe feature is compared to that‘of the preceeding age group.

(TOMDC, TAMDC) total 0.D., and total area of MDC as a percent

of total nuclear O.Dtrénd'total nuclear area, respectively.
(CDI) average distance df MDC from the center of the nucleus,

of MDC

as a percentage of nuclear radius. (NOC) the number
clusters, (SI) symmetry index of MDC clusters and (QSI1) the

number of quadrants cccupied by MDC,



Tab_le 7 . ) f - 77—7—17—“217 —————g—é"g&r—:— Rt

Means andrstandard deviations (SD) for the medium density
-component (MDC) of_64C‘Malpighian tubule nuclei from high,'

activity adult male, M. domestica.

1day - 4 day 8 day 14 day
Feature o o ' : TR
‘ Mean + SD Mean + SD. Mean +. SD Mean + SD -
TOMDC 47.8 +11.6  61.5 +10.0%  53.5 +13.8%  52.5 +11.2
TAMDC * - 33,5 +E322. . 50.6 + 8.2% 48,3 +11.2 46,6+ 9.6
oI 62.7 + 4.2 60.9 + 3.8  64.3 + 5.5  62.7 + 5.4
NOC  27.4.415.4 5.1 + 4,0% 6.5 + 6.1 6.9 + 5.7
ST . 3.6 + 1.6 5.7 + l.l* 5.2 + 1.2 . 5.0+ 1.2 -
QST 3.6 + 0.4 3.8 + 0,2 . 3.8 + 0.1 3.7 4 0.2
_____________________________ B o e e et e e = e = - —— o — ——

The ‘*’ indicates a significant difference (P < 0.05) when
the feature is compared to that of the preceeding age group.
(TOMDC, TAMDC) total 0.D. and total area of MDC as a percent

of total nuclear O0.D. and total nuclear area nréspectively.

(CDI) averagg diatance nf MDC from the center pf the ﬂu%leﬂs— -

as a percentage of nuclear radius. (NOC) thq n umber’ Qj‘ﬂﬂﬁ
dlusters, (SI) symmetry index of MDC clusters and (QSI) -t he

number of quadrants occupied by MDCr



Table 8 I o ;~—779 4f”f"‘

Means and standatd_deviatiqns (SsD) for the‘high-density

component (HDC) of flight muscle nuclei from high activity

-
———

‘adult mal déme stica.,

&

1/day 4 day 8 day i& day_
Feature - N
', Mean t SD Mean t SD Mean t SD Mean t SD
TOHDC 12.9 + 9.0 13.4 + 6.1 17.1 t13.2 16,3 + 9.9
TAHDC.  ~ 5.5 * 4.8 4.7 + 2.8 ~7.3 + 6.7 7.8 tAb;o
¢p1 |  ?4.5 +13{§ © 7245 +19.9 67,6 +13.9 | 66,5 +22.§‘
NOC '?.s + 2.3 T + 1;8{ 42;9 j;i,7f' 3.2 f i.sA
ST 0.2 4 oésf 0.1 +'o.4fj d.4 + 0.7 “0.7-+ L.b'
Qs1 L7 4 0.6 : 41;5 + 0.6 . 1.8 +‘o.77 1.8 . 0.6,

e e e e e e e e e e e e e e e e e e e e e e e e e e e e M e e W E e e e Me S e A e e e E e e v e e e e = =

Differenceé between the four agé gtoups,'for all fe;tures,

are not significént (P 5 0.05). (TOHDC, TAHDC)Vtotal O.D.'éﬁd
to;él arearof HDC as a percent of total}nucleaf 0.D., and total
nuclear area; respéczively. (de) averége distaﬁcé of HDC fr;m,
the ceﬁﬁer of the nutleus; as a,ﬁercentage of nucleéqrfadius;

(NOC) the number of HDC clusters, (SI) éymmetry index of HDC

clusters, and (QSI) the number of quadrants occupied by HDC.



muscel nuclei did not change significantly with age (Tablei8).

Fig. 12A shéws the total 0.D, of the HDC (TOHDC)‘yifh age
in the br;in;and tubule nuclel. TOHDC increases significantlj in
. the bféin from 20.8%Z of totél DNA in the 4-hour group to a
maximum of 48.42 by'daﬁ 4 (P < 0.01). fOHDC‘increases
'signifiggntly in the tubule nuclei as well (P < 0,01), from 7.6Z%
in the l-day group to a maximum of 29,17 by day 8 (Fig. 124).
| Th; total area occupied by HDC (TAHDC), increases
significantly (P < 0.,01) in the brain froé 7.9Z in 4~hour-old:
flies to 22.2Z by déy 4 (Fig. 12B). TAHﬁC increases
significéntly‘(P <{*0.01l) in the tubules from 3.5X at day 1 to
18.7%2 by day 8 (Fig. 12B). TAHDC and TOHDC do not change
significaq;ly after day 4 in the brain, and after day 8 in the
tubule (P > 0.05). \/ '

Total nuclear area (TRA) iﬁ the tubule and brain decreases
siénificantly (P < 0.01) in parallel with the increase in the
amq;nt of HDC (Fig. QZC and 12D). Thg tubules, however, show an
increase i? the amount 5f BRDC between day 4 and day B (Fig.
12A), while the total nuclear are; remains constant over this
time period. This may be due in part to the fact that both MDC
a%hd ﬂﬂé;iﬁtf€&52 between day ! and day 4, but only the BDEC
increases between day 4 and day 8 (Fig. 11R).

Two dimensional symmetry analysis of the condensation event
- shows that the distribution of the RDh becomes more symmetrical
»

with age in both the brain and tubule nuclei (Fig. 134). The

svametrv index (SI) for the 4-hour-old flies increases
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Figure 12. HDC and global features for brain and 64C tubule

nuclei from the high activity adult male,

M. domestica.

All points represent the mean + S.E.

A: Total 0.D. of HDC (TOHDC)

B: Total Area of HDC (TAHDC)
.C: Total nuclear area (TNA) of tubule nuclei

"D: Total nuclear area (TNA) of brain nuclei.

® brain, g tubule,

Image features (A,B), global fé;aures (c,D).
Analysis summary: TOHDC and TAHDC increase
significantly (P < 0,01) in the brain and tubul%
nuclei between day ! and 4 and bet;aen day 1 and
day 8, respectively; No significant chaége

(P > 0.05) occurs between'day 4 and 14 in the brain
and between day 8 and 14 ig the tubule. Brain and
tubule TNA decreases significantly (P < 0,01)
between day 1! and day 4, with no signifipant change

(P > (0.05) between day 4 and day 1l4.
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significa;tly from a vaiue of 0.48 (indicating an asymmetric
distribution) to 4.6 by day 4 (P < 0.,01). SI:aiso increases,
significantly in the*tubule from 0.27 at day 1 to a maxiﬁum of .
2.26 by day 8 (P ¢ 0.01).

T he actdil number of quadrants occupied‘by HDC (QSI) for
each age g}oup is shown in Fig. 13B. The HDC in the brain nuclei
ig/?estricted»tofessentially 1 qdadrant in the 4-hour group,

sﬁreading to occupy 2.7 quadrants by day 4 (P < 0.01). The

spread of the HDC in the tubule nuclei is in contrast to that of

the brain, in that it occupies 1.8 quadrants at day 1 and does

not attain a .maximum of 2.6 quadraﬁts until day 8 (P < 0.01). SI
and QSI do not change significantly after day 4 in the brain,

andvéfper day 8 in the tubule (P > 0.05).

HDC appears as approximately 1l cluster in the brain nuclei
: . | | .
and(}ﬁ,g{gjfers in the tubule nuclei. This does not change with
s
age (P > C.05). Moreover, the number of MDC clusters in the

brain nuclei also remains constant with age (Table 6). However,

MDC‘appears in the tubule nuclei as 27 distinct clusters in the

l-day group, but decreases significantly (P < 0.0l) to 5

separate clusters by day 4, remaining constant upj}o day 14

{?ig. 13C). Fig. 13D shows the distance of the clusters ffom t he

geome tric center of the nucleus (CDI). CDI of the medium and

high density'compoﬁénts in the tubule nuclei is usually about

60%Z of the nuclear radius and'tﬁig‘does not change significantly

2 ‘<

with age. CDI for the MDC and HDC in the brain nuclei does show

significant changes with age. The distance 3(_thequC clusters

a

3
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Figure 13. Symmetry and cluster features in brain and

64C tubule nuclei from the high activity adult

male, M. domesticaw

All points represent the mean + S.E.
A: The symmetry index of HDC (SI).
@ brain, | tubule. )

B: The number of quadrants occuppied by HDC (QSI).

® brain, B tubule.

} C: The number of medium density clusters (MDC).

@bra::m, HH tubule. |
D: MDC and HDC cl.uste;' distance index (CD‘I).

O brain MDC, @ brain HDC.
Analysis summary: SI and QSI increase significantly
(P < 0,01) in brain and tubule nuclei between _
day 1 and 4 and ’between'day' 1 and 8, respectively.
No significant change (P > 0.05) occurs between
day 4 and day 8. The numbel_r of MDC clusters
decreases significantly-' (P < 0.01) in t.tib,ule
nuclei_ between day 1 and day ,4’ with no change
between day 4 and 8 (P > 0.05). The number of
MDC clusters in brain nuclei does not change with

~—~= age (P > 0.05). CDI (of brain MDC and HDC) shows

significant change between day 1 and 4 (P < 0.01).
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v

from the nuclear center is 47% of the nuclear radius in the
‘4-hour group and increases significantly to 58Z'by day «4 (P <
0.01). CDI of HDC is 50% in ‘the 4-hour group, decreasing

&

significantly to 38%~by day 4 (P < 0.0I); This represents a

r

.-

complementary shift where the HDC displaces the MDC toward the
perimeter as it moves toward the center of the nucleus. Once v
"this shift ‘is complete, the brain nucleus contains a core of

high density chromatin, with a surroungdng shell of medium

density,and.possifly low densityx.chromatin. -

 Fig. 14A shows the total- 0.D. of the MDC in flight muscle
ﬁucréi. MDC in the flight muscle accounts for AIbe éf'total DN A
at~¢ay 1, but decreases significantly to 37.4% b& day 4 ( P X
0105). A sigﬁificant (P < 0.01) increasé to 45.87% i§.observed
between day 4 and day;8,‘and agéin between day & and déy 14, at
which time it accounts for neafly 43zrof total DNA. TNAV(Fig.
14B) does not change significantl} between dav 1 and day 4 (P >
0.0SY‘but,dpes decrease signifiéantlybbetween davy 4 and da& 8 (P
< 0.01). The decrease in MDC between day | and day &, with a
parallel.ihcrease in LDC {(Fig. 11¢C), "indicates the occurenée of
a decondéns@tion gevent during this pefiod.'Decondensation
- folNlowed by recondensation is also evident in NOC (Fig. l&k) and
SI (Fig. 14D). As the-decondensation event procedes, NOC.
increases significantly (P < €¢.0}) from £.6 at day 1 tou 1l.4 by
day 4. This is accompanied by a signifigént decrease in‘SI fromw

1.8 at dayv 1 to l.l'b} day &4 (P < 0,013, MDC occcupies

approximately 3 quadrants at day 1 and has a CDI cof about
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Figure l4. Image and global features fér\flight muscle

nuclei from the high activity male, M, Qg@estica.
éf?ﬁé image features (A,C,D; were extracted from

the medium density component (MDC).

"All points represent the mean

A: Total 0.D. of MDC (TOMDC).

B: Total nuclear area (TNA).

C: The number of MDC clusters (NCC)

D: MDC symmetry index (SI).

. N - ‘ '

Analysis summary:

TOMDC and SI decrease significantly{(P < LL.05)

between day 1 and 4 followed by a

significdﬁi (P < 0.,01) increase between day

-

4 and dav l4. TNAldecreases:Significantiy (P < G.0
between day 4 an’dr 8, with ﬁo significant change

(P > C.OS) betWEén £ayv 1 and day 4 or between day
& and 14, NOC increases siénificantly (P < .01
between day 1 and ¢ and decreases significantly

between dav 1 an¢ dav & (P ¢ (,01), with no

- significant change after davy B (P » (C.05).

1
1

)

’

S
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g7z,_Neithér;of théée’fegrures changé with age (P > 0.05) .
Fif.ilsA shows the LDC, MDC and HDC in the Erain ffom'ﬁﬁe’
low activity group. Thé Pfoportions,at day 1 in the?ﬁrain of the
LA—gfoub are'similar>to.the 1-day brain,of the(HA—grbhp;tA‘
significant shift otcur; in thé'Bfain.of the'LA;gr0up,betEeenv
day 1 and day 4 as it ‘does in Fhe brain éf ghévHAPgrouﬁ (Fig.
15B), but the amountsfof‘HDC at day 4 an& day'14 are .
significantly (f < 0101) less than those}in the HA-group,
indicating a lower condensation state in;the‘brain éucLei of the
LA-group during this period. Therday 4 proportions in therbrain'
of the LA—grdup reﬁainfquhanged through to day 14 (P > b;OS).
Table 9 shows the yalues for'additiénal'image features 1in
the l-day to l&—déy HA gnd LA groups. Thére are few signifiéant
differences‘betweén_thé HA and LA groups%at day 1 buf ;evefal'
;ignificant differencés'qgeur by day 4 aﬁd day 14. Total nﬁcléﬁf
area is significantly, greater in the Lg?group at day 4, but is
not significantiy different from thg'HA~g;oup at\day 14, Afeday
4 and da&ilb, the brain ngglei éf‘theriA—éroup have "A, J
significantly.less HDC which displays'aﬁ.ésymmetric dist;ibution
pattern characteristic of a day lvnuclgus'frqﬁxeithér the LA orl.s
HA group. |
e Tables 10 and 11 show the Eraining sefs for the high
activitylbrain and tubule, fespectively. The Merit Qalués for

each feature us%d are also shown. These values range from O to
1

1.»Generally,,discrimination is high when the feature has a
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Fiéure 15, The rélative proportions of the iow~density, LDC
(épen bar ), medium density, MDCV(hatQhéd‘bar)
and high density, BWBC (solid bar) compoﬁents in
~brain neclei from thé $du1; méle, M. domeética.-
A: Low activity (LA) group. -
B: High activity (HA) group.
 Ana1ysis summary: nghrelatiye propbptions of-LDC,v
MDC and HDC chanée significantly (P < 0.01) .
between day 1 and 4 in.both the LA and HA gréups,
with no significant change (P > 0.05) between
day 4 and éay 14; Compari;éﬁs between the HA and
LA groups show that the amount of the three
components 1is not siénifiéantly different at
day 1 (P > 0.05) but that {he‘day 4 and da& lki,
proportions of MDC and HDC afe significankly
differgnt (P < 0.,01). The brain nuclei of .the

LA-group have relatively less HDC by day 4 and 14

”~
*

as compared to the HA-group, and is- - thetrefore in a

~lower condensation state,
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Table 9
A comparison of brainm nuclei of adult male, M, dgmgﬁ;;cgifrom

high (HA) and low (LA) activity groups.

1 day 4 -day 14 day

Feature

LA HA LA HA LA HA
TNA 574 59.0 50.6 4%.9** 44,9 46.5
TAHDC 8.9 10.3% 15.9 22,2%% 18.9 24 ,3%%
CDI 48.9 45.3 41.0 37.7 36.0 38.0%
NOC 1.2 "l.1 1.1 :;1 | 1.0 1.1
ST 0.5 S 1l.0% 2.7' 4o6** 4,1 4,9%
QS1I 1.3 1.5 2.0 2.,7%% 2.5 2,8%%

—— e o e e ——————— - - o — ———— e e - - oA e T - . S - S R M o ey e e Gee W= P G W S = = —

* (P < 0,05) ** (P < 0.01)

(TNA) total nuclear area, (TAHD&) total area of HDC as a
pe;cent of total nuclear area, (GCDI) average distance of MDC
ffom t he centér of the nucleus, expreésed as a percent of
nuclear radius,‘(NOC) the number of MDC cluéters, (S1)

éymmetry index of MDC clusters and (QSI) the number of

quadrants occupied by MDC.



Table 10
Training set for‘the'l-day and l4-day-old brain nuclei
from the high activity adult&male,'g, domestica.

e - - - - — o — ——t— —— - — wm e mm M am e e e e me e e e e Am G M e e e e e v W e wm e = Mm mm e = me

Image Feature - ' Merit Decision Decision

Boundary Rule -

___________________ ——————— e e
Total nuclear area - 0.529 »‘a 61.50 A
Total 0.D of HDC 0.692 47 .34 B
Total area of HDC - : 0.721 . .  24.74 B
Cluster distance 0.27? ’ 53.76 A -
Symmetry index : 0.643 - 1.53 B
Quadrant symmetry - 0.620 1.14 3

The merit value will range from O to ] and represents an

estimate of how well the feature discriminates between the

two groups.‘Generally, discrimination is high when the)

features.have*merit values greater than 0.5, |

Decision rﬁles: ’

A If the feature value isvgreater than the decision
boundary aséign‘thé ;ucleus to the l-day-old group.

B If the feature value is greater than the decision

boundary assign‘{he nucleus to the l4-day-old gfoup.



Table 11

‘VTrainihg'seL fér’the I-déy and léédayFold 64C Malpighian,

a

tubule nuclei from the high activity adult male, ﬁé domestica.

. - e T e e A S e L e A A WAe A Ik e M B e M e e e A e b e e e i e e R, e . A e e S - ———— —————

I ma ge Feature . .:i ~Merit . Decision Decisioﬁ
' T Boundary = = . Rule
-.__.._-._.._____—‘::-—— -——_—V-- - —— - — - - ———lh o ——
Total nuclear area o 0.717 : 2191 A
e - B : /' - .
Total area of HDC o 0.462 5.06 B
Quadrant s'ymmetry - 0.338 2.93 o B

The merit value will range from 0 to 1 and represents an

estimate of. how well the feature discriminates between the

—_—
[

Lwo’ groups. Cenerally,'discrimination is hiéh whenwfhe

features have merit values greater than 0.5.

Decision rules:

A If the f;aturé Qalue is greater than the decision
boundary assign thé‘nucleus to the l-day-old éroup.

B If the feature value is greater than the decision

1

boundary assign the nucleus to the l4-day-old group.

p-
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merit value greater than 0.5. Classifications based on these

training séts, are'showﬁAin Tabie 12. Classification ;f the
fuscle was not done due to the biﬁhasicbnatuse of thé i
condensatién eﬁent. The classifications show that . the changes in
the brain'nuclei ha ve st;bilized and produced a bomogeneous
popuiation by the fourth day. 82% of the 8-day groﬁp and 867% of
the‘A—day grouprweré classified with the lé-aay group, while 9%?
of'tée 4-hour group was classified with the l-day group.
Classification of the 2-day grouwp shows that only 67% can be !
classified with the l-dayrgroup, reflecting the fact that these
nuclei are.in a state of change throﬁghout this period.
Classification of the tubule nuclei shows that 84.4% of the
4-day nuclei were classified ;}th the l4-day group, while 62,52%
of the 8-day mnuclei weig classified with tHe l4-day nuclei.
Classification of the brain from the LA-greoup, using the
HA—group Lrainidg/éet from Table 10, shows that 64% of the 4-day
LA-group and 60% of the lé-day LA—grouprafe cléssifléd with ﬁhe
l-day HA-group, in contrast to the classification of/the b-day
HA—group‘&here'only 14% are classified with the l-day HA-grOup.
Computerized images of}éQCftubule’nuclei from the l-day and
l4-day groué are shown in Fig. 16. These ﬁuclei were selec}eg)by,

a4 program which evaluates all n:}lei in each group with respect

+5 houw well they rTepresent the group mean in all features

r

nsi1dered. The general trends involving total nuclear area, MDC

and HDC are clearly evident.



Table 12
Classification.of brain and 64C tubule nuclei from high
and 1ow activit& (HA, LA) adult male, M. domestica..

. m a ——  w e - G mey e v vw e e e e e - e e e e -

Classification

Group . Age . : ‘ -

. . l~day ld-day
HA-bgain 4-hour » ’ 94.0% - 6.0%
HA-brain l1-day 83.0% 17.0%
HA-brain 2-day . | . 67.0% | 33.0%
HA-brain 3-day - | 34,0% 66.0%
HA-brain ;—day | ‘ IA:OZ B6.0%
HA-brain 8-day : . 18.0% ' 82.0%
HA-brain l4-day 5.0% . 95.0%
"HA-tubule l-day” 100.0% 0.0%
HA-tubule '.Q—day T 15.6% }; Ra 4%
HA<tubulc B-~dav ) ar.sy | 62.5%
HA-tubule 1;;~day . | 19.0% N R1.0X.
LA-Brain i-dav 96.0% 4,0%
LA-Brain 4-day 64.,0% 36.0%
LA-Brain  lé-dayv 60.0% 40.0%

Ciassifications of the brain ‘HA z2mnd LA) and tubule is based

training setls in Tables 17 and 1!, respectrively.

s
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Figure 16, Computerized images of 64C tubule nuclei from

high activity adult‘male; M. domestica, which

are represeﬂta;ive of the l!-day (A) and lé—daf‘
(B) groups. The se images_Qere selected by a
program that evaluatés all nucléi in each age
group with }espect to how well they represent
the group mean in qll féaEure§ considered., These
images show the significant decrease in total:
nuclear aréa, the increase in the —amount of

HDC, .the change in the HDC spatial distribution

and the decrease in the number of MDC clusters.

0 LbC, M MDC, @R HDC.






DISCUSSION
Age—related'studies of cell nuclei have fréquently been
concerned with total DNA ctontent or the structural and

. . p . 2 )
functional properties of chromatin. The vari6us studies

concerned with total DNA content of a giv@g’cell type have
: : )

;

failed to show a- significant chaﬁge with ;ge in human brain
(Lapig;2~lé68) or in rat brain, kiéney (ﬁnesco, 1967), and liver
v(Bedi<éna Golastein, 1978).

In the present study three different tissues were examingd,
representing five ploidy classes. No e;idence could be found for
a significant change in DNA confent in any of these tiséuesi;)
Th;s is so deSpite the fact that nq(?ei from the muscye and
tubules showed a 10—12Z’Qeduction in total optical density with

8 .
age. This reduction is bel ifved to be the result of decreased
acid lgbility of the DNA, as a consequence of the condensation
event (Braéhet et al., 1968; Badr, 1972). This would have the
effect of reducing the amount.of apurinic acid formed during the.
hydrolysis step of the Feulgen reaction, thereby lowering the

total 0.D. of the nucleus without an actual loss of DNA,

There  was also no evidence for an age-related shift in

A}
b

ploidy class frequencies within the. tubules, despite an apparent
reduction in the 128C class in the 8-day and lé4-day-old groups.
This apparent shift was probably due to the fact that the male

population is heterogeneous with respect to the ratio of

64C:128C tubule nuclei (Table 1), -



Despite the lack of any evidence for an age-relatedréhange
in DNA content, several studies have demonstrated an age;rélafed
increase in the tﬂermal stability of ¢chromatin (voanahq} 1970),
and inéreased resistance to sait disscciation, coqpled with
 reduced transgriptional activityv(O’Meara and Herrmann7“1972),
suggesting a condensation event with a subsequent reduction in
the activity of the nucleus, The results of pattern anaiysis
have also indicated an agé—related increase im the condenséﬁion

state of'nuclei from brain, Malpighian tubule and flight muscle

of the adult pale, M. domestica.

1

The genpral relationsh%p.between the degree of chromatin

LS

condensatiom and its transcriptional activity hHas been examined

in interp as?/nuciei at the microscopic (Harris, 1967; Panar and

‘Nair, 1975), ultrastructural (Frenster et al., 1963; Littau et

al., 1964; Lamb and Daneholt, 1979; Hamkalo and Rattner, 1980)

and molecular levels (Weintraub and Groudine, 1979; see review

d

.by Wéisbrod, 1982). This relationship has also been studied %n
polytene chrsmosome puffé (Ashburner, 1972; Daneholt, 1975),
lambrush‘chromosomes (Rogers and Browder, 1977) and in spermatid
nuclei during spermiogenesis (Monesi, 1965; see discussion by
Browder, 1980). All of these studies have shown an inverse
relationship between chromatiﬁ condensation and trapscriptional
activity, implying that the gctivity‘level of the nucleus and

the cell as a whole can be monitored by analyzing the inkerphase

condensation pattern.

.
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In this regard, pettern analysis is fundamentally concerned

with the wvisible effects f{at the microscopic level ) that: a ©
: 7]

condensation event .might have on the interphase-nucleus,

Micrographs of cell nuclei frowm variocus mammalian tissues show
that the condensed chromatin frequently appears near, and in

many cases actually line

mn

, the ﬁu?fear~envé1,fe {Porter and
HuLEE ! S

- .

Bonneville, 1973) Studies of interphase nuclei suggest fthat

chrdmatin is organized into 38 to 80 kilo bp supercoiled |

complexes of DN& (TgorKemenes and Zachaiu, 1978y Vogerstedinm et ——
. P . ’ 3 ! -

gl.,'1980) that appear to be anchored directly to the nuclear

envel ope (Hancock and Hughe@i 1982)., Thkis 1is thoﬁght to explain

t he facf that condgnsétion dfrchromosomts, during early’
prophase, occurs near ;he nuclear membrane (Comings and Okada,
1971; McKeon et al., 1984).;It could also expla}n the'f;it th;t
the'heterochro;atinized X chromésbme {Barr body) of mamﬁéiian
females; occurs ngar the nuclear membrane {Brown, 1566; Lyon,_
1974), “and the peripheral‘loc5t106 of condensgd chromatinrinv
interph;se nucle'i. Thus a coﬂd@nsation eventein an intefphasé
nucleus shouid be accompanied, by a significaqt redistribption:of
t he chroéatin, chayactefized by a periphéral shift and spatiél
redistribution of the condensed component.

In the present gtudy, an applioationvéf pattern analysis
showequthat the condensation state of brain, tubule and flight
muscle nuclei ingreases with age and that the time.coursg of the
event and the spatial distribution of high ;qd medium density

components is tissue specific, In addition, the muscle nucled

e

o ,
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showed 2 unigue decondensation event prior to an increase in its
) ‘ : - o
condensation staten

These results were obtained by using six image features, in

addition to two global features relating to the total 0O.D. and

[fal
Q
&l
w
-

are<d of the nucleus., Two of the image features, Total 0.D..

and total area of the medium (TOMDC TAMDC) and high denéffy'

compoenents (TOHDC,TAHDC), simply estimate the magnitude.of t he -
K : ) .

s

condensation event, while The feature NOC estimates the number

. o0f rhese clusters. The cluster distance index (CDI) is intendéd

to detect a peripheral shift of the clusters, if it occcurs,
while the symmetry features estimate the degree to which the two
dimensional spatial distribution of a given component has

-

changed, given a condensation event,

a

lMy results indicated a peripheral shift in a medium density
component‘(ﬁDC) in brain nuclei and was associated withign
unusual central shift of a‘high density component (HDC).Ii;did
not find evidence for a peripheral or ceng}al ;hift in~eitﬁer
the MDC or HDC of the tubule and muscle nuclei. However, nﬁcléi

from all of these tissues showed significant alterations in the

N

distribution)pattern, as defined by symmétry'analysis;‘in MDC
and HDC., The brain and tubﬁle nuclei showed the most significaﬁ?v
change in the HDC witﬁ theuMDC remaining relativgly stable. wa<:/
two ma jor exceptiéns to this involved the peripheral shift of

MDC in the brain nuplei and the reduction in tﬁe number of MDC

clusters in the tubule nuclei. s

-
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The svmmetry features can also estimate the exten&\to'which

the chromosome pbpulatioﬁ is involved 1in the condensation event.

This estimate 1is based on the assumption that each chromosome 1is
restricted to a specific domain of approximately equal area. The

- N,
|

jusfificatidm fpr this assumption is based on the fact that the\\

condensation of chromescmes during early prophase occurs In a
L)

B}

symme ttical distribution around the nuclear envelope. (Comings

and Okada, 19717 McKeon et al., 1984). Symmetry analysis

fappendix 1) assumes that the various chromosomes are

' distributed evenly.over a folir quadrant, two dimensional

e

coordinatt,systgm.-lf this assumption is correct, a condensation
event involving all chromosomes (or parts of all chromosomes) -

would result in a significant increase in the distributional

symmetry (ie. the symmetry indéx, SI) of the component'in

question. On the other hand, if the condensation event involved

)

only a fraction of all chromosomes then ghé symme try index would
change very little, if at all. | |
In 'addition, estimating the number of quadrants occhpiédyby
the condensed component‘(the quadéént syﬁmetrx'indéx, QSI5 is
equivalent to estiﬁating the fraction of the nuclear image that
is involved in the condensatioh event. For example, a QSI of l,b

represents 1.0/4.0, or 25% of the nuclear image. My results show

that 75% of the brain nuclear image, from the high activity
group, is affected by the increase.in the high density . component

{HDC), whereas the total area of HDC is only 247 of total



nuclear area by dayv 4., Since 247% of the total nuclear area will
fit within one quadrant, the tofal area of HDC alone does not
give an accurate estimate of how global the condensatiop event
is. Similarly, the HDC Condensationrevent in the tubﬁle nuclei
aff;cts 65S% of the nuclear image, while the total area of HDC is
anly 17% of total nuclear arca. Finaliy, the MDC Condensatioq

’

event in the muscle nuclei affects 757 of the nuclear 1image
while the total area of!MDC at day 14 is only 30% of total
nuciear area. The significant increase in the sypmetry index

{513 and the difference between (QSI and the total areas of MDC

and HDC indicate that the condensation event in all of these

.o

nuclel is affecting most, if not all, of the chromo§omes.
further characterization of the condensation event in brain
and tubule nuclei was obtained by a classification procedure,
referred to as discriminant analysis. Classification of the
brain nuclei, from the high activity group, showed an
age-dependgnt decrease in the number of nuclei classified with a
l-day-0ld model, eoupled/;ith an incfease in the number of‘
nuclei\classified with a l4-day-old model., The l-day and lé4-day
models constitute the training set, o which~all the other age
groups are compared., Classification of the tubule nuclei did not
show as clear a trend as did the brain. This was largely due to
.the fact that a condeagation event occurred in the tubule
between'day 1 and 4 and again between day 4 and 8. Thig me ans

that the 4-day group had both l-day and l4-day character. The

fact that the majority of the 4-day group was classified with
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“the la—day,group‘doés ﬁot mean that the fwo are rdenticéi,“éﬁd
indeed';e know tha; they are mot, but only that the A—da; gro?p
is‘;éf; like the lé-day group than fheAifday grouﬁ; .
I'n this regard,tjt,éas possible to show'that the bra1n:

nucvlei from the 4~day-old low activity, group have- a lot of

l-day-0ld characrer. That is,,the ﬁéjority ?f t he 4—day-01d
ibrain puclei, from the high activity groué,‘%rerélaséified with-
t he lﬁ—day—old high activity grdup, whereas the ﬁajority of the
é—day4old‘brain nucleti, from the low a;tiVity group;kare
ﬁlassifiéd with the l-day—old_bréin nucié;. This suggests (along
with the pattern analysis) that the final amount of HDC in the
brain nuclei is related tb t he rafe at which the male ages, as
the low activity group had a mean lifespan nearly triple that of
‘the ﬁi%h activity group.

The condensation event in the brain nuclei from the high
aqtivity'group=occﬁrs during thé peak acfivity period of the

e

male; which egﬁends from a few hours after emergence up until
t he thifd or fourth day (Clark and Rockstein, 1964). This
éondensation eyent !?ecedes a significant decline indwing beat
fréguehcy and'dJration of flight by Qay 5 (Rockstein and
Bhatnagar, 1966) and a loss of one or both wings in half the
male population by day 6 (Fig. 6). Wing abrasioﬁ and loss may bg
due to*a pgggressive declinq in the circulation of hemolymph
throhghout the wing (Wigglesworth, 1970).

The male is believed to be:maturé by day 1, as mating

begins 16 to 24 hours after emergence (Murvosh et al., 1964),

’
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Ca-activated ATPase, braip cholineSterase (Clark and. Rockstein,

1964) and thoracic acid phosphatase'activ{ties (Rocksgéin—and

Brandt, 1963) are all maximal within 24 hours of emergence.
“ 3

Moreover, it 1is pertingnt tovadd thai the female begins iéying
eggs on the fourth to therfifthrday,énd"shewonly'mates once or.
twice throughout her life time. In addition, in all Colonieé
examined, essentially g}l of the females ha&e ﬁat;d ?y day four
(Adams and Hintz, 1?69);'These observatidns suggest that the
role of the male is'essénti§11y'complete’by dayié. Hené;; the
condensavién,event 1hrthe_bfain appegts to mark:the end of thé

LY

peak activity period of the male and the onset of outwardly

apparent physical degeneratibn.

Other studies concerning age-related changes in the flight

muscle of the male have shown the occurrence of early and late
events, The early events include a significant decrease in

x

thoracic levels of trehalose (Rockstein and Srivasfava, 1967)
an& t he activity Qf acid phosphatase (Rockétein?aﬁd Brandt,
1963) during the:first few days after adult emergence. Thése
events, liie t he ébndensation even£ in the brain, pfecede t he
reduction in flight abiliFy, loss of ;ings and decreased
activity level cited above. Thé late events, including a
decrease in the Fhoraci;‘activity oﬁxNADfdépendenﬁ alpha
giycerophosphate &ehxdrogenase (Rockstein and Brandt, 19631 and
the thoraciée, leveis of thiamine (Roékétein and Héwkins, 1§70)

begin after day 4 and could occur as a consequence of prior

senescent events. : ,7 ~///~

-



Pattern ahlysis of the flight muscle nuclei showed an
initial decondensation event between day ! and 4. My data does

.not cover the second and third day, howévet, considering thé

fact that‘pea£ flight activity is attainedubetwéenﬁdayrl and 2
(Rockstedin and Bhatnagar, 1966) it would Seem Likei? thgt the
decondensation eveﬁt aétually occurs during this peried.
following the decondensation event thg muscle nuclel appeér to
r;condenserbetween déy 4 and'da§‘lé.Aft is during this’periodu‘
when significant wingloss, reduction in flight ébili;y andvéhe
late biochemical events in flight'muscle'occur.

T he condensatioh event iﬁ fhe.Malpigﬁian tugule 5ccurréd
rduring both the early and late events and:begihs soon after

-

emergence, as it does in the brain. Whether the condensationA

i

eveng in the brain is influencing the evgntbim the tubules is
difficule to say: From J@e data that I have collecteg it S} ohly
possible to conclude  that the 64C tubule cells, énd»the fl;ght
muscle, appear to age ;ore siowly than the brainiéells;

T he resultg of pattern analyéis correspond with_the: '
maturation and senescencer profile of the adult male, and are in
general égreement with Clark and Roéksiein (i96ﬁ) and Rockstein
and Bhatnagar (1966) that the male matures early (by'daf 1; aﬁa
ages.rapidly. Inreach tissuertyperthat I examined the;e appé;rs
to be an inverse relationship between the condensation state of
the nuclei and the activity level of the ofgéaisﬁ, implying that

the activity level of the brain, tubule and muscle is maximal

shortly after emergence, but decreases significantly during the

8



firs? four days. This is in contrd@st to the matUratibnrand

senescence profile of Drosophila (Miquel, 1971), the mosquito

x

" (Mills and Lang, 1976) and the blowfly (LeVenbook and Willdams,

1959) whicﬁ are bglieved to have a more ektéﬁded maturation
.period, lasting for 7 to Iordays after adult emérgéﬁé%.-

The differences betweén the brain, tubule and flight
muscle, with respect to the results of pattern analys+s, may be
reLevant to cértain gg:ontologiéql-theories such as the
hyp;thélamic élevatioﬁ thebryﬂof Dilman and Anisimov {1979) or
the hypothalamic disregulation theary (see féﬁ}ew,by-Everi?t,

1980). These theories are primarily concerned with the control

of the pituitary gland by the hypothalamus.

‘

A ma jor consequence of the‘hypothalamic theories 1s that an~

\age-related change in specific brain cells could serve to

regulate the rate at which the whole organism ages. Moreover,

e I

these theories suggest that an o:ggnism,may represent a mosaic

with respect to the ratgr at which various cell and tissue types

age. Or'gan transplant studies (Peng and ﬁuang, 1972; Pecile et<
él., 1966) and regional differences in the age-related decline

in human brain neurotgansmitters and rglatea enzymes (McGeer ;nd
McGeer,19819, indicate that such a mosaic exists. The results of
pattérnlanalysié also indicates the existence of & moséic, in
this case involving brain, tubule and flight mascle nuclei. This
mosaic pertains to the time course of the condensation event and

to the condensation pattern, which appears to be both tissue and

age specific,
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The significant changes that were shown to occur in the

nuélei of the brain and Malpighian tubules may reflect

i
L]

progressive deterioration of the visual system, followed by the’

A3

excretory system. Failure of the latter svstem could be a ma jor
cause of mortality in laboratory-reared flies. However,

practically nothing is known aboﬁtﬂage~related biochemical -

changes in either‘The,optic lobes or . the Malpighian tubules.
The magnitude of the ‘condensation event in the bfain is

.

-———remintscent of the chromatin condensatiow that oceurs during

spermiogenesis (Browder, 1980; Pefreault et al. 1984) and the

possiblity exists that the former event could involve some
degree of histaone substitution or nucleosome polymerization

r

through an increase 1in disulfide bonﬁs,,An age-related increase
- > ‘ ER ) A . N
in the disulfﬁde:sulfhydril ratio has been demonstrated in whole
body chromatin of the blowfly (Tas, 1978).

T he condensa;ion event 1in ;he brain could also be

inititated by-an age—speci?ic phosphorylation of the nucleosome

histone Hl or a specific Hl subtype (Renz et al., 1977; Kozo, et

’

QL.,»lQBI). The condensation event in the Malpighﬁan’tubules and
flight muscle nuclei could also involve some or all of these
procésses. The possiblity exists that the condensation event
could affecg the activity level of tﬁese cells, e;ther through

5 ° the {hverse relationship between the condensatiaon sE;te ofrfhe

__nucleus and 1its transcriptional activity, or through an

e

interference with the horwmonal control of gene expression, as

suggested by the results of Spelsberg éi al, (1977) and Weisbrod

£
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H
et al. (1980). However, the condensation event in itself is
probably not the direct cause of reduced cellular activity .but
simply reflects a prior event {or set of events), at the level

of the nucleosome, the exact nature of which is yet to be

determined, . i
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~ igﬁf CONCLUSIONS
S ¢ dgmputer,analysis of digitized images of Feulgen-stained

optic lobe , Mé}pighian tubule and flight muscle nucleilfrom t he

adult male housefly, M. domestica. has shown the following:

¢

l'. No age relatéd change in total DNA content or ploidy class.
frequencies could be found in brain, muscle or Malpighian'
tubule nuclei. | ”

2. The condensation state of brain and tusﬁle nuclei tends to
increase with age,_alghough the*time;course‘of condeﬁsation
event, and the distribution and relative proportions of the
MDC and HDC are- tissue specific, The most rapid change
occurred in the brain fbllowed by the tubule and muscle.

3. The cdndeAsation state of fligb£ muscie qucl@i decréasesb
before it- increases, indicating an initial decogdensakion,
event, which parallels the peniod‘of'peak fliéht.activity,-
and flight muscle deﬁelopement; Co B ' .

4, The c¢ondensation state of thevtype'II’neursn nu;leug\appeagé'
to be related to the rate .at which ;he male éggsAsincé it
was consistently lower in the 10; activity group thén it was .
in the high activity group. |

S. The lowest condensation state of a nucleus is associ;ted
with the %ighest activity lével;of the cell.

6. Pattern anélysis supports hyﬁothalamié theories of the aging

process, as the brain, tubule and flight muscle do not

appear to age uniformly.

»
-
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APPENDIX I

Several programs werebwrittep during the course of this

work.‘Two-of these will be Qescibed here which deal with the

analysis of the 2-dimensional symmetry of the interphase nucleus

and with an automated procedure foér processing and cleaning’

digitized nuclear images.

I). Analysis of Spatial Symmetry (SPATS)

This program extracts 3 symmetry features and one.globél

anatomical feature which gives an estimaté of the

cross-sectional profile of the entire nucleus. These four

features include:

Symmetry Index (SI)
Quadrant Symmetry Index (QSI)

Ring Symmetry Index- (RSI)

ne
\ Lo
(Eard

wy

- -

Core Ratio (CORAT)
)

a. SYMMETRY INDEX
The symmetry indexﬁpfovides a meésure of how evenly a
particular component is distributed over the nucllear
image. It accomplishes this by dividing the image into 4
quadranté, calculating gbe origin of the image (in array
coordinates) and then converting t;é array location of
each cluster into a set o} (x,y) coordinates. This
conversion is-depicted in Fig. 17A., The array
coordinates for row and column are shown aiong_the left
and bottoﬁ. As indicated, tﬁe array coordinate for'tﬁe

column and row will become the x and y coordinate
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v,respectively, infthe (x,y)vﬁggrdinate system. The . row
value increases frdﬁ”top'to bottqm and the cﬁlumps
-increase frém left ro right, The origin of the image has
ftﬁefé?fay ?éérdinafe€ (9,11) which corréspon@s to the
pbs‘it;fot‘l‘ ’VV(IO ,0) 11!1', ‘-a.n -(x,y) ¢oordinate system. From this .
di;grgéfﬁé'Canvdétive>lwo-simple.expressions which allow
ﬁs,td'ééaﬁéfthéﬁy §rray loéation to an (x,y) coordinate

system{:

x = column - column origin

yv=Aro§Aorigin'4 row
BY‘ﬁSing fhesé;éxpressions we can they tak

advantage of the propérties of symmetry coordinates. For

any point (x,y) we can %Esily find 3 points w icﬁfafe .
distributed over the remaining 3 quadp;nts in

perféctly symmetricaizpéttefn reiativé to the ordginal
point. The se points ére’(—x,ys, (;x,—y) and (x,-y). Eéch

of these points represent a/syhmétryzébbrdinate of the

~ : :
original point, The. location of these points is shown in

_Fig. 17B. If we let ‘n’ be the dumber of points in g

__,component of interest, and if each point can'have 3 -

\symmetrj:coordinates, ghen t he Eotél number of symmetry:
coordiﬁafesiposéiﬁle'is 3n. By determining the actual
numbé;réf'smeeFry codrdina;es ‘b’ that an image has'
enaBIes Qs :o calculate SI: )



toﬁlie on one of the axes. Suchla situafion could easily

"ara*ottatned*by"taking‘thE‘Hﬁprﬁprixté‘uégHtTVE‘ﬁnd

70

SI = b/3n + 4a.

T he g;btqg 4da 1is inclhdgd tq allow for Ehelcase
whére a.given compoﬁedt has a pdint at the origin (0,0)
of the 1magé; That is, The point (0,0) is defined as
having 4Vsygmeﬁry coordinates, If this occurs § f71,”
othegwise a = 0 and the factor drops out of the

equation. This ratio is multiplied by 10 to force SI to

‘take on values between O and 10, The image in Fig. 17B

[}

has a symmetry index of 10.0, whereas SI is 0 for the
image in Fig. 17cC.

If we consider Fig. 18C more closely we can see

that SI would be greater than zero if the cluster were

occur since the orientation of a nuclear iﬁage in an
array is purely random. SPATS allows for a random

orientation by rotating thF axis and- analyzing the image

four times at an axial rotation of 0,20,45, and 70

degrees. SI is calculated for each rotation and the
. . \ ¥

minimum is taken as the bestrestinqte.-At axial

-

rotations of 0 and 45 degrees the symmetry coordinates

" 1
negative inverse—of the original coordinatesAtaxial

rotations of ZO'and 70 degrees the symmetry°coordinates

Y

must be obtained trigonometrically. " : S

QUADRANT SYMMETRY INDEX (QSI)

j> 3



QSI brovidés an estimate of tﬁ; number of quadrants

occupied by a componenf of interest. As ﬁith SI,

determining QSI is éomplicated by the problem of random
.

orientation and is dealt Qifh in the same manner by

estimating QSI at four axial rotations. The angular

z

rotations are the sape'as for SIQVAt anwﬁngulgylrg;g;iqghhrwﬂrir

of 0 degrees a point can be assigned to any of the four

qhadrants simply ﬁy convertingBtheir array location to

”Eﬁ'fijyd'ccvrﬁiﬁiié.iﬁbwever when the axls is rotated
some angle 6 eaéh point must be tested.usihg 4 rules to
| .
;8ee 1f the point falls within a test area. The test
areas are shown ipn Fig. 17D; The 4 rules are listed

below:

1)' (When x > 0 and y > 0)

If y >rx(TAN79) assign the point to quadrant 1,
other;ise'aasign it to quadrant 4,
2) (When x*< 0 and y > 0) |
If x > y(TAN @) assigﬁ the point to quadrant 2,
‘ :othe wise assgign it to quadrant 1,
3) (Wbe:f\}%o and y < 0)

If vy > x(TAN @) assign the point to quadrant 3,

“ﬁ'”*6%hefV%ﬂemtﬁﬁfgﬁfftgtﬁgqnﬁﬁrant 2

. 4) (When x > 0 and y < 0)

If x > y(TAN 6) assign the point to quadrant 4,

s



Figure i7. Algﬁ?tthm for symneﬁry analysis.

»

A: Position‘if'a.nuclear image in a 2 dimensional

ar;a;:indiéating the conversion of (row,column)
cﬁord;hants to (x,y) coordinants. The. row’

. increases from top to,bottomTwcoiumnsrincr;asééi

from left fdgfighf‘r

B: Location of three symmetry-cbordinants fof t he

R ,,,;_f,glo,@;_(hy ),

C: Location of 4 points when the symmetry index

, equals zero. » * - .
R ey
' D: The location of the test areas (hatched e
- region) used to assign a point to a particular

quadrant after the axis has been rotated by

»

'some angle 6
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otherwise assign it to quadrant 3. <

: Af:ér all points havewﬁgeh assigned%téf&  3
particular quadrant QSI can then be calculated from

the following:

QSI = 1/(al/a)> 4 (q2/a)® + (q3/a)% + (q4/a)?

° -

Where ql to»ﬁ# = the total ateavof'fhe component in

qhéd ant 1 to 4. and

1

“a = the total area of the conpénenf being
considered.
c. RING SYMMETRY INDEX

RSI attémpts to ;stimate the local symmetry of a point

by checking its nearest 8 neighbors. If we let ‘n’ be

the total number of filled neighbors and ‘a’ be the

total area of the component being considered then:

RSI = n/8a

This ratio is multiplied by 10 to force RSI to take on
values between 0 (none of the 8 neighbors are of the

saﬁe coﬁbonent) to 10 (all neighbors are of the same

component).,

&

d. CORE RATIO

.« CORAT provides an estimate of the cross-sectional

e *cuutoﬁr”of”a*tétt"ﬁﬁétehs by estimating the mean optical

EaEN -

r,faénsity of the nuclear perimeter (MODP) and comparing it

S~
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gy % |

core (MODC) of the image. CORAT is then calcolated as.
the ratio of MODC:MODP., This ratio will be greater than
1 for any object that is not perfeqtly flat-and~
homogeneous., J M,.v‘ | i L . &/’\\\fﬁ%

II1. PROCESSING NUCLEAR IMAGES. (CELED)

Erocessing nnclear inages isup:imarilyneonceraed w&th4w~uwwwmeﬁw
removing above threshold but non-nucleat points from the

digitized image. Once this has been done the image 1s considered

to be clean, Cleaning nuclear images 1is usually done manually at
a video-display terﬁinal whereby am viné cursor 1s used to'
erase all extraneous background poinits from the image. The
program that I am going to describe 1is capabie of performing

this task automatically.

ng‘*{ﬁt’UtoWU*E‘riv*Ii‘ge of a scan area which contains a

nuclear image along with ﬁragnenfs of other nuclear 1nngea and a

considerable amount of debris. The progran has the task of
recognizing what 1is part.of the whole nuclear image and what is
not. :

CELED begins by assigning every above threshold point (the

black regions) in the scan area a weight based on the number of

nearest ne1gbborgﬁthgtgaregnhnxeethreshnldtelﬁeneishborleare

eianined. Those points with a weight of 6 are clapggsified as

background while those points with a weight. greater than 9 are

"classified as 1-e34, Those poigtltuithfn‘neight_hetueeneﬁeand,Qeﬁ;"_fe

are exanined more closely in order to increase or decrease their



VA . L R :75"

'Y

" weight. This 1is accompl ished By first determining where the

point is located relative to the nearest large bbjett.iﬁhat is,

whether 1t is located on the right side, top, left side or
bottom of the object. - 1

, . : . . & B
'n the location of the point has been established, an:

'(fappropiate probe is invoked which examines 5 of the poini'sr

| nearest neigbors. The .weight of each point is recalculated and}

this weight 18 taken as the best estimate. The amount of

cleaning that is possible with weight assignmenfs is shown 1in-

 Fig. 18B. We can see tﬁat it has removed nearly all of the
scattered background points but that- the larger images near the
border still remain.\This.will always occur with large bbjects

"since the weights of their individual points will be within the

image rénge.

Cleaningchgjcantga’nflaxgeohgects’;gQuixes%a
different'ipproach. Once\Ehe weight assignments have been
Cowpiete t he prpgram'begins;fb'défiﬂefiﬁé"ﬁéfiﬁbié}'bf'éﬁéri':"" -

~object that is left in the séaﬁ afea by:employing a set of

*

vector probes (5 vectors/probe). CELED invokes a separate probe
for the top,right side,bottom and,left side of the t he image.
The probes move clockwise around the image and are set up in

such a way as to enable the program to know when it has to

} t s - - B - [ P
switch from one probe to another., Although it 'is not essential,,

the probes are usually able.to find their way baék to the

starting position after circu-navigatingrthe object., These

-

vectors are shovn in Fig. 18C.
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.Once the perimeter of the object has been defined,it is-:;ﬂ

i

aésigqéd,a'unique number. CELED then qdves on to. the neifﬁoijctl

and the process is repeated until all objects have béen’ ,

. . ff“ - : ) .
~ identified. After all objects h@%e been examined the program not

only knows how many objects are pregsent, but it also knows the

' total area and circumference of each object. It then makes the

assumption that the largest object is the one of interest and

treats everything else as - background. If the largést 6bject lies

~on the border of the scan area it is deleted and the next

7

large st 6bjecf is treated as thé image. The final image is then

produced and is shown in Fig. 18D."




Figure 18.

Algorithm for anm automated procedure to clean

57

b2

digitized nuclear images.
A: ‘Scan areé>bef0te being cleaned of background

B: Scan area partially cleaned by weight -

assignments.

C: the four vector ptobes that are used to define

,,i:£$&:$££15&££1i£i:£li;£$%££i£:iﬂ:£h&:;,

‘5cén area. : ;
D: the final cleaning stage, leaving only the

nuclear image in the scan area.
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