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' Cellular' compqnents of the �b�~�o�~�d� within , II'lei �i�l�1�e�c�e�b�r �' �6�s�~�s� 

pos,sess functional and motpho!ogical cha'racteristics 'similar to , 

, , �t�~�o�~�~� �~�1�s�c�r�i�b�e�d� 'fqr, �i�e�u�c�o�~�y�t�e�~ �'� �~�f� 't:elaied �c�e�p �, �h�~�l�o�P�O�d�S �,� �(�~�a�b�l�~� 1). 

�: �I�n�d�e�e�d�~� ce;tain traits are reminiscent of �m�~�l�l�I�I�l�)�a�l�i�'�a�~� organization:. 

Defined as, eosinophilic granulocytes; these cells are round or 
'J' • 

I · ./ , 

ovoid in shape and �h�a�~�~� �a�~� average 'diameter, of �2�6�~�-�2�2�~� in, 

stained prepara,t'ions'. ' The' nucleus is a' most �c�q�~�s�'�p�i�c�u�o�u�s� �f�e�~�t�u�r�e �,� " 
, , : ' 

, due to its size and vivid staining properties .H,igh !esolutii:m 
, , 

studies reveal such typi,cal. structures �~�s� a �d�~�u�b�l�e� membrane, 
, ) 

,interrupted by �n�u�~�l�e�a�r �"� pores, with the �o�u�t�~�r�m�o�s�t� unit supporting 

attached �r�i�b�o�s�o�m�e�s�~�,� Peripheral concentration's of chromatin were 
, . " ' . �~� ' I' ' . t ' . " . J .. 

visible, as �w�e�~�l�.� A highly polymorphic condition-exists 
.' .'. 

whereby �t�h�i�~� �n�u�d�e�~�s� may assume one of six �d�i�f�f�~�r�e�n�t� .. configurations, �, �' �~� 

, These range �' �f�r�o�m�,�c�o�m�p�~�~�t�e�d� �f�o�~�s� through a series of �s�e�e�m�i�n�~�l�y� 
, ."." . 

graded �i�n�d�e�n�t�a�t�~�o�n�s� to", eventually, the appearance �o�~� thre,e �o�~� 
, 

four lobes:' Each configuration 'orig,i"n;lt:es from the nuclear face, 

�t�h�a�~� region which projects, into the �~�u�r�r�o�u�n�d�i�n�g� cytoplasm. The' 
. I f". , 

opposing nuclear periphery is re,latively �s�m�~�o�t�h� and rounded as 
" . 

�~� result �o�~� its close association with the cell membrane. 
f ' , 

,Heidenhain's rule, accepted by �m�o�~�t� researchers states that 
" 

" 

progressive condens#ion,lof nuclear, chromatin. and the �d�e�g�r�e�~� of 

-'. , 

.' 

�, �~ �,�-�" �,�: �,� . 

' .. 

•. �' �r �,�\ �~�~�:�-�;�:�. �, �f �"�' �'�'�'�' �'�' �'�'�'�'�.�,�.�"�.�l�A�~� 

�~�~� �~�~ �:�'�: �i� �~� ' . 
• �~�, �I� I .. _, 
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lobulation indicate advancing stages in ' cellular maturft'y~ 
" 

~ , ..... 
(Pond'er, ,,1926', p; 221; , Ham; 1969, p: 367), 

.. 
Accordingly" it is qui te reas~nab'le ' to submi"t' .that such 

\, ' . . 

a morp~0logica1 ,series as described above, depi~ts a 
,' . ' ., " , . ' 

maturafi,on' seq~en~e ' wi thi~ , '111ex. illecebr~sus, ',To 'asc~rt~i~ . , --, ~-----.:;.-
"the ~alidi.ty ~'f ,such 'a pI:op~sal 'and, with :the'inten't of ' 

e 
estabHshing a , classifitation system as a direct c~n~eque~ce, 

I ' • .' " ,""' , I 

, the ',au1;por co~lected data thrqugh microv.,ide'omat analysis. ' ,It ." 
', ~ • " , ' ..' , . " , ' f 

. ~s ·interestin'g to ,note, .'having computed the nuclear areas for' " .-.<t:' 

, 'c 

each of. t~~ selected nuct'ea~, stage~ (Figure , 7)', that ,valu'es , 
': ' . , , 

from the Newfou~dlan~ ,bait , s~uid do no~ adhere to the .' ru1,e of 
Hetdenhain but, rather; agre-e.' ·cons.istently wi th resu~ ts ,ohtained , 

' . ~ ", , , . ' , ' . " "# # ' 

from normal h,uman , behigs a:rd noma1 rabbits as'recorded by , 
, 

Ponder (1926 ~ 'p, 222), 'The nuc!'ear ar~as 'are actually ' simi:Ia~ 
I " • .' , '/ .~.. ' . ~ • '. • ~ J' 

, thro).lghou~ thes,e di,fferent nudear :c~tegories: , One exception 
, . 

, ~ . ' . .. . . . , ,\' . . , 
was stage·'six ',in' which on~y two , examples, were c~ ted., Their 

'status was in'conclusive. The, second aspect ' of Heidenhain's . 
, , ' ' ,' ,',', , " . ", " " '" , " ' 

, rule that refers ,to an increase· in the num?ex: o'f nucl'ear lobes· 
' . ", 

with ~el'i ' matu'rity ';lppe~rs to "be' substan.tiated from data compi~ed 

in Figure ~. 

, ' 

The nuct'eu's, ' in addit,ion to other o.rga~elie~, is susp~nd~d 

within a homo'geneou~, cytoplasmic matrix. ': Electron, micrographs 
' \ , ' 0 ' ' . ' , ' 

reveal t 'he pre~ence 'of 'disp'e.~sed ribosomes', which confhins , the 
~. . ... . • ll·. • . ' , 

" , ' oU .' , • 

( 

- , -- ___ _______ b~a~s~o~p~h=i~l~ nature of this subst~C;~ ,_<!-~ ,jnE:~~,~t~d ~~om , ,~t.~!!1~,~ 
,) , 

, prepara~1ons., 
" 

, , 
w... "" n ... ,,,.WI .. ' . ... - ...... "'., .. ...:. ~ • ""'", ....... , .. "}" .. . , '''' '~"1JL' ; #-

'. ::;; .~; \ " 

},' .. . . 
," 

. ,! ' .. ' l l~;: . .,' 
.-~, ' ...... ~ ~ . 

I 1.'., "2 ., • 
, "i 

... ..; 

, , ' 

r , 

, " 

, , 
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. . 
Granular endoplasmic 'reticulum ~lso contrib'utes td . th~ 

. . . .' . 

6f this meinbr.ane system thai form clusters or gro,upings':of 

~oncentr'ic rings. 
.' " ~ , . 

. . 
/, . 

Large, refractfle vacuoles:. prominent ' at. ' the · level of 
, . \. , .. 

light "microscopY, . ate. identified frome1ectrOl1. micrographs 'a~ . 

!Rultivesicuiar .bodies. ' ' Eviden~e from time-lapse observations 
' . ' . , . . . ~ . 

... 

, . 

(p. 7l) ~nd elec:i:r.o~ niicroscop·y.· (Figure .16) .would· sugg,~~t. ,that, 

the's~' s'tt'Uctur~s' ~~,~ ·ln~oive.~ . in.·. th~ Pt~ce·s~ .. ~~ "hete~OIYSi~'~:': ' 
. '/' . ' . . 

, '. Characteriz'ed by de ·O.uveand. wa.t~iau~ (Friend ~nd Farquhar,; . " 
w . . ,' . ' .a. : . " ; . ' • • 

~967. ,. p: 37.2) ,. this method,' of intr~cellular "t:ransport commences' , 
~ .. ': " I : ., ' _' . ' . . . . . .' " . I • .' . ' • • " : 

. with the absorption 6f . foreign ,matter'by invaginations of tile 
• , " I," ' .' 

.'c~U membrane.··· 'Ves--ic1es thus formed th~Qugh pinqcyto~is convey 
. . " . ' . I. ' . .;. 

'. the ,matter to 1 ysosomes where digestion' occurs " Fri.encl and . 
a . . 

'.' ParquhCl-T (1967). ,Straus (i964a' arid' b} ~lnd Ham -(1969).' support· 
. ' " .' 1 • • . ' 

the ab6>ve 'outline of ev~nts. : The relevancy pi these, statements 
. , ~ 

t~ . p~~cesses functicl"ni'ng wi thl.n the' leucocytes 0; ~ illecebrosu5 
• j 

. . 
can be seen in those time ~ lapse. sequ'ences whi"ch :recotded . .; . , 

• ",. . f : ' , " • • . 

.. und~lating mo:vements along ' the' cell membrane. Sl,Ich ' ~eh:~wior 
,. ' " ' . . . . 

" 

. , 

is ', indicative of·.pinocytosis , (Roberts j 19'74. ptrsonai communi,cati,on). ' 
.' ~ ," .. ' .' - .1 

Mi~rographs. 'revealing' the pres~nce of inv.agina~ions, and ·.the 
.. ' . ' ~ . . . . 

~ 
subsequent formation ·~.f .pil'1Ocytic vesicles. along the cell mem'b"rane· 

, . ' 

confirm the existence of ~hi~s . activi tY, upon -morpho~ogica1 grounds . . 

. .' . 

, , 

i 
, I 

. . _ _ ._ . __ . . _._ .... _ . . :... ··· · ·-- _··· ·· ... · r 

. ' . . 

, : 

, ., 

\.) .... 

I I 
•. I 

\ '-
, 1 , , 1 

)-: . 
, , 

, 
~ 

' . 
. I 



", 

, .... 

, ,/ 

" ' 

I ' 

.... 

, ' 

,,' 

, ' , , , 

,. , 

, ' 

, , 

" 

, J 

" 

.,' 

' 0 

, " " ~ ' 
/ ' " 

' -103-

.. . . 

,Wi th the occurrence) of mui tivesicu,lar', b6dies, these: blood cel1~ 

: ,/ " 
poss~ss a'll the "~equire~ , mathin~rY ' n'e~essaiy f~rtheop~ration 

. - , , 
. ' 'r • 

~f ,s\Jch an' intrac.ellular , transJl'ort m~ch~~,~sm" ' ~istochemicci1 ' 

tests ,to ' corro'!:>orat~ this 'morphological evici~nce "remain' 'to, b~ , 
: ' :.. • • : .".' ,. f • 

inve~~igated, Hpweve;, : ha~ing ' established (1') the ' leucocy'te' 5 
• . . ' ,. " • ,.,' f,.', • - ' . f, ' .., • 

<l:bili~y, 'to, pinocy.-tize foreign matter and (2)" the presence' 9f 
., .'.' .. ,' . ~ 

m~lti'vesicular bodies" known ,to b~ ' dig~sti~e 'vac",oles (Friend ;, 
.' 

:,1969,' :p, 269)" the author submits that a Similar if n<Jt identicai 
/ ' -~ . 

, ; mecnanism maY, fun~tion' wit,h~n cellular el~l)len~s from the' bloo~ 
• . . . ' I . , 

, {. 
of .Illex illecebrosus, ' 

. . , 

Of fina1.,consideration are the c.ytoplasmic granules. 
. '. " 

Conventionally stained blood' s~ellrs reveal , two t ' 

, ' granulations and basophilic rods and, spheres. ' The foI'11i r serve 
; . ' . . . . '. . . . . , , ".' .. .. "' . ' ~ \ 

.as iT}di~ai~ts ~'o the sped fie nat~re of t~ls ' cell, t e. g. , 
" " , 

'eosinophilic granul~cy.tes. " While also occurdng w:lthin ' , ' ",' 

supravitaHy stained preparations 'and' Phas~ ' ~'olrast~b~ervati~ns, -' . , . 
.. . .' . . .., ~' '\ 

. these granules, were not readily vi~ible during til trastructural '. . , . 

st~ciies ,', Tha~ , is 'to ~ay, those el 'ectrori':'dens ~,~ crystal~ne-nke ' 

structure-s which characterize the' c,entral portion' of eosinophilic 
. '. . 

gt~mules ' .within ~an', the rabbit, guinea' pig, '.r.,at" cat,' (B,essis, 

1973, p. 326) or gOldfish, (Andrew, 1965, p. 80) seem ' to ' be , ' . ,', ' . . . ' . ' . ' . . .. ' , ' . 

• I " • 

ab~ent., from similar granules within , th~ sq~id 1.:. _i_l~l..;..ec-f-+-_-:-
" . . 

,', I,nste'ad, such' gr~n~l es 'are, uniforml ~ electron-dense. ' , , :', , ' , '. ",' '. ;.",' L 
- , - - - , -'- _ .- - c.; _, ____ _ _ _ _ 
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" , 

, , 

" 

,The gener~l ' st~ctur,e and arrangement "of ' the b'a~ophi1ic ' 

rods 'jlnd ' sph~res s~igest n\i'ochordri~, especially w,hen ":41ii-
. , .', 

c~mp~red to " ~esul ts ' obtain'ed ' from', levc'ocytes stained with 
" 

" , ~ . ): 0 . 

" ,Janus : g~eim: , Howe~, ,ihis , cel-lUl~r ' c:~mpohe,ntis ', said .. to be ' " " . I, . . . f .. . '. 

, invis~bl~ when viewed with light lJIiltrosc'opy',aid~ci by re,cog;:fzed . \ . . . 
" 

Romanowski stains (Bessis", 1,973, p: ' ~5). ' Electron micrographs 
, : 

• ., I 

do not ,rev,eal additional orga'nel,le's ' tha'f would ~orrespond tQ such ' 
& ' " , • 

granul es,: , 

-_. ' .r " 
Cellular 'movem~nt', phago,cy~o,sis arid ~gglutination, studi~d 

.by .~eans of ,' t'i'lne':laps'e phoiog;~phY, w,ere shown to /be integral 

l~ucocyte's ,' behavlora~ re~ponses:, The, spherical ' 

cells "e'xhibit while circulating, throughout 
'~ , ' , ,', .. ,', " , , 

, 'is ' .lost ,or ~efor~ed,: upon attachment. ,to ,a 

,', 

subs tratum. A pr0p,erty , known as "spreading'" is respi::msio1e , for , 
t ... .'. 

this , change in appe~ranc~ , (Bes'sis, 1973, p. ,30'7). Cytoplasmic 
,. .' . 

. " 

yeil;; fo~ and produce a clear margin ,along the res' ~cti:ve portion 

, of ,ce'i I periphery: 'No , organelles wer,e 6bs!,!rved 1 thin these , 
• 1 

structur~s which 'could ,event,ually give rise , 0 , indiv'idu~l ' 
, . 

be direct and p.seudopodia and vice 'versa. , ': Movement 
, ' --. -- " 

• . 17 ' 
pu~pos,eful a,s notedbr the pO,lari za . on , of, an~ertr ,a'nd ,posterior 

, ' ,[eg~ons. 'Detachrylent f~om t 'ratum ~cc,urs , wi t~e 'quick 

,retraction of seudopodium'. " " , ' , , 
, t 

'~ 

',' . 

. .\ . 
. ,.. " .' . ~ I " ..... 
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.An examination of the Ph"gOCYtiC responsi, . as it occurs , : 

in . vitro, disclosed' Ja~' this, phenomenon is initiated when " 
.. " '. . ~ , . .' 

c~ntact has ,been estaqlished bet~een .the 'foreign particle and '. ': . I ," ') , 
, the', celi membrane', . Be\~si,s (1?7:S" p', 43) goes ,one 'step fllI:ther . 

" " . ' . 

by stating that adhere,nce is involved and that !'if it .cadh~rence). 
" '1 . ,," , , 

does !1o,t'.·occur, the particle, is repulsed by the phagocyte". . 
. \ " , ,' ~ 

Thi~; is 'pa~~ic.ularl~ ,e\id~ht f~pm, Figure :J'1, Howeve~, :,nce ,. ~ 
engulfed, the particJe \'is ~hen tianspo~,ted . to the cell interior. 

, \' , ->- . ' . 
, It was "unfortunate tha,t these , time-laps'e observations ' did. not 

, ::1 '\ . " .' ' , ' \0 • \;\ 
-. 1 . " 

ericomp~ss the. proce'ss q~ dd.gest~on, 

. C~twe~n 't'~o ' or more ~eucocytes (agglu'tinatiori) was 
I I I • •.. • 

noted.' to exist 'as "freel" or "rest'ricted" as'sodations', Th~ 

former it;I:ang'ement i's t~mporary, ,these cells- r~taining ,their 
• • ' , " • ' . . ... I' 

individuality ,ana the ~kpacity 'f ,or disassociati~n,' 'In contrast; 
. . , ! • .' 

• those' cells 'jo,ined in a"\ r~~tiictiv~ tna~ner ·were highl'y ~compx:es'sed 

,J, or "c,lumped',1 a1th'oug~ cell'membraITes'along·ih~ peri'ph~ry'of 
, . '. .. . . . : 

, . , . ! . , , 

this ,mass did extend pseudopodia,' Disassociatiol! was not: 
~ " .'. 

observed. Cellaggre~ations of this ,type were maintained ' for 

~ong ,intervals ' of: qme, ; , ' 
, I 

" J 

It is concluded from the foregoing '. poi,nts of di,scussion 

that the cellular elements of ' tbe blood within .I, i 'n eceb;osus ' 
: ' - , 

e,osinophilic granu~ocytes. Mqipholog~ical . ' . 
evidence was the criteri~n for ,classification. . To c~tegorize 

i ' " 

" 
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a ' hem?cyt'e solely uJl,on-its ab.ii~t~ to. ~ove 'or','engulf f;reign . . - y .... 
.matter would ,yrove both inconsistent land incorre~t for th\') o ~il: 

V--, .. . 
'although capable, may' not aispl~y such behavior 'at the ~ime of . ' ." . 

.. . ~bserv~ti~n- . ' I~stead;" these characteristics serve. to elucidate 

\ 

its role within the·animal. However, the pr,esence ?f s.pecific 

'.' . grfnul,es in ~he cytoplasmic .m.~t.rix does ~~o~ide: i st.able . ·bas~s . .

for the designation of a cell type. In this' case, th~refore" ' .. 

.' 

. " 

.' .' , 

t,he que'stion of function versus form as a means of classification 
.. , 

can onl,y be answered through 'the latter . 

, ~ 

It is concluded that ~he bloo~ ce11s .function . a~ defensive 

agents f~r the - ~elf-preservad6n of this teuthoid. Their ability . ' ' 

.; 

. to' mov~ by ~eans of"pseudopodia and cytoplasmic veils i~plies a 

degree of co"ntrol ' over cellular acti ~~ies .'- 'the:e leUC~Cyte~ are 

not exclusive subordinates of the bloodstream. The fact that 
. " ; ' 

_ they actively engage · in phag,ocytosis and pinoc'ytoSis supports 
, . . . . . 

. , 
t~is thesis propounding a protective ro'lE! against invaders .. 

, . I • • 

. 'Organe'li~S" nec~ssary 'for: ~h~ degradation of ingested material 
'. . . .-

, . .. . 

(by pinocytosi~) ' reinforce the premis~1 'Last,ly, tpese cens are 
<I . 

. capable of agglutinating, a '~ech~nism designed to a~lev~ate the ' 

crisis following wound , infli~tion . . t 
• I • • I \ 

The information ~o~pi'led 'within this thesis rep,resents 
' . ' 

'only the begil)ning . of a varied ~~d .'interesting ,avenue q{ research . 
. 4, ... ' . ! 

The author. recommends the 'following topics for 'further consideration: , 
, • '. . _. • c , • 
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"It r . 

'0 " ., 
, . 

-, 
: 

' ce'l1 ~ount', the average, number: ,6f re'~c~cytes o in~' th-e 'circulati,n'g, 
• .' f'. ~ .' , " • ~ • • 

blo,od and the extent 
, .I 

to which , s~asonal, s~xu~ or pi~h?19gi~~l 
,, "': . "~ 

' I, • ... 

factors , may 

a comprehensive look' ,at 'wound healing; h~mopoi.~sis, devel'opmentai ' . .. .. . 
.' ,r"--I~' '. ." • . ' _. 0 .. , 

stages>'i:n the ma,tura tion' process and ' the ' organ site of, piodu'ction;-" 
";"1"'-' " " 

and c~iigei!1g." !i .'comparative study stressing the morphology ,of 

nU~lear CO~:~gu\9~' cep"s ' ~epresented by ea~h ~ategory of 
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