CELLULAR ELEMENTS WITHIN THE BLOOD OF THE NEWFOUNDLAND
BAIT SQUID ILLEX ILLECEBROSUS (LESUEUR, 1821) (CEPHALOPODA:
COLEQIDEA): A STUDY IN FUNCTIONAL MORPHOLOGY

FLORENCE ELIZABETH WAY







-l
o
G
@
@
(3]







‘_ﬁe R . 2 * & o -,I ok .y s
- 82 1 P \ B W N |
o » i ’-r ] " i .n‘ .: . ‘ » . - .. B
. ’ ' [ “." lﬁ-
a’ ' b“'. o ' e ‘ " - : » .
INFORMATI‘QN TO USERS o m -« AVIS AUX USAGERS > i
. v ;I_'." s =, Voo o .
THIS: DISSERTATION HAS BEEN * - _ LA THESE A E£TE MICROFILMEE
. MICROF ILMED EKACTL?’ AS RECEIVED « g '.TELL_EJ' QUE Nﬂ,OUS ,L‘,A\JCNS BECUE -
’ e Lo : g ' A I ‘e .
0 - . ) . k
ThLS copy was produced from a micro-. . C(Cette- copie a éte fa1te a. par'tw

..® fiche - .copy of the original -document. =~ - ‘d'une’microfiche du document
The quality of the copy-is heavily . - . original. La qualité de la’; cop1e
.de‘pendent gpor. the ua‘hty of the :

“origifal Lhes1s subm® tted for . . 'de la th&se soumise pour le --:3'.
. 'microfilming, Every’effort haa P micrdfimage. Nous dvons tout~”; -

" »'been. made. to'.ensure the highest . ' * fait pour assurer une qualité

qUahty of “repruduotmn poss],b’ie S e _—— superieure de reprthictwn

l‘-

ek "-"" L

PLEASE NOTE" -Soime pages may have - ’NOIA BENE "La qua'ﬁte d' 1mpression *
" indistinct. prmt TFﬂmed as- “de. certa'mes pages, peut -laisser 3
-reeewed' Ty s e, ¥ e .L - désirer. M1crof‘r1mée teHe qua
e R - naus 1'avons recue s
L] b"‘ F B = :.Il"a'.”“'. T'. - ) "“‘ ’ -.u:;::‘-;.:..‘._’_',--.".' TR ,:‘-. . " I oy - - -"T-"
h_"”;k',' "..,‘ -'--a.-:-.::-::rl_ . o '-'..a“ e _’ LT AY )
B T S Al pede , :
Canad'lan Theses b‘l:ﬂswn ' L ‘”Diviswn des’ thé&'es’ canadienne’s .
C taloguing Branch * : _..,:_-—M , Direction du. catalogage + .
“NationaT" Library of Canada TS e -5’-‘-“, Bib'Hotthue natior_\aTe du- Canada
wx Ottawa, Canada -  KlA; ON4 J_ Ottawa Canada S KIA 0N4
SIS T a s ‘. 8 wl” o . 3 * . \_ = -~ Ty - S . s _
‘ & ; o o ) o 4 i LN 8 ;-"_’J' .
- . ‘ P
. ) . PP | !
: s AT
, 8 2, ) o L ' " -
‘h @ ' 3 . R * ,

.
i gy —— "lﬂ-‘.-vl -

. dépend grandement ‘de Ta‘qualité = -




) r Lt ." ». b ’ -
' ‘: . 0 % 8 ”, K ’ 4 ":
I ': - L . ., . "’ ! . q“'., o - -..:g
i / .J‘ * o~ 3 . . e - i ~ P - - %
e ! 5 il L N ’ ’ ' _ ,
‘ / b b . . < ' l
, K - ' y
i + .““"’ it
b o L - ‘,." ‘r (.
ol | 3 "'; lv - [ ! . . . ’:
. o _ CI‘.LLULAR ['.LEMENTS H’ITHIN THE BLOOD OF C
b 5 a » _,._
; R TR THE ‘IEWFOUNDLAND BAIT squw S .
" ILLEK ILLECEBROSUS (LESUEUR 1321) S o
i & » ! ' ‘IJ. - - . : .
’ tCEPHALOPODA COLEDIDEA) Ao e
. * .b P S . ; . ' '
7 N . T s ‘STUDY IN FUNCTIONAL MORPHOLOGY -
. I / 5 n'“" & g . . b
'.‘ » e . = "I' . .
= wé ." (—B ‘:‘I " . . . :
" . . H ..‘ by ,\.;'!" At é
u |' . 3'. W a 1) v" . :(:
’ » : <. . Florence /Elizabeth. Way, B.Sc. - i i
i | o \ B
= . » . ) 1
. ‘ ) ‘ Ve RS
. 2 J ’ '’
L i ., , ’ . .r }
# . A ~ . L} 4
) . E ! .. i
' : A _A‘Thesis submitted in.partial fulfillment - .. . T i
of the requirements for the degree of . "=~ ‘ i |
Master of Sclence ¢ ® . LA %'l
‘ 1 . o ‘. i * ‘ |. =, . ‘I‘. ..
! ¥ _— o i - , ' *g 2" _"N . . Rr . .
N o . " Department of Blology _ ~ e A
= s ' Memorial Unlversz._ty of Newfoundland @ L,
' March, 1975 S e
| - :.. -1.. 4 ‘- i ‘ ! ‘ h * ) . ! a ﬂ' gk Lo
p s v o ‘
i, . : L Newfoundland . ' . X
' . b @ . ’-'
.-5'5::? .. Florence Elizabeth Way 1976 © s !
.l ;.‘:1 s , ] w L, 2 o= . - rore o A



. 7
\r
* a
Noad :Il
o WEE &
L .
1Y
L o
: R
-
L L DA
\
B ®
&
' i
- i
v
» =
: i
e | Bl
1%
g f c g
. LI -
P djs
!
E] - S
~
)
o
3 § W
.
N
f R
: r .
v
..
LIPS |
“

. - 1.0 - .
P e+, . C v
. v 2 . . s -
L ¢ . .
: . . L .
L v 8
A L ¥ o ehat
. -
\ " . e
. p .
. . .
Y e R :
L, e el . . !
i e -, . b i
. e - i . { . .
. Kacll - -
. . i i
. . X i
- . . . . % ’
i % ©
. b K
o Y i T
-‘ - . -
U T 3 e , Way
L . . * .
1 = =
- . . ! i
. o .
- "~
., i =
. S
- 1 L -
. . X
-, . 3
. . . .
.- o L =
. . A -
T & . . LIS
. G pr - x - =
0 Al
. " M
. i3 ¥ S
£ l- 0 -~ =
.. . o
. - - ™ LY 2 .
} s . . P S
i .
i . .
- * '
=@ ik . &
o i
I . : 1
. v . ]
. - v &
o " g
' 1y
s ) . a. v
. . gy * ,
. & . . . . .
. ,
. > .
" " ‘

. / :

* ... when I'i

. .

I

n awesome wonder corisider

.. 7. all the worlds Thy Kands have made ... -

i W
il L I
. ' v & . - * X Lt
. " . s . .
£ ot 1. { "y . A
' , " . .' 5
. . . 1 toe
N ’
P . g - '
v " b o ¥ . 8
: . P : .‘Stuart .K. Hine
- - . ' e wii P . . -
. - = ey, -
. - LY
b -
-
. R ) Loee " " )
. ' . . LY
* et o . . o IS . .
= . - e
¥ £ ‘ el ' - . F . i .
- . ..
% " 5 i
. al ' - ' 3 .
- I
J L . . o
E . L .
S ¥ § < e v
s - - .
" . - ) - ' " ) v .
. ‘ . ‘ . e
a4, ' iy X o
- . = . -
; . i
5 . . - » o - . L] .
. - .t - v
. b . .
. 'y - i . ﬁ. L 3 . »
e . a5 % - . .
. . g = ey . " o ;
» e o . 13 L] &
. y . . LI .
- . . il .
" s 1 ' :
. - 4 . . . . i 5 & - s
1 - - . .
. . . B ” kg 4. &
. -
' ' i : . ' '
y = . . ‘ . g ' ‘e .
P . - o X
. . k o A " ] " ;
I o s ¥
. L) .
&’ by W L . off .
v LI . 1 . P b
- -® - . -
. o . . v I
O “ 3 i . L - - .
L " Hal R ! W . -
3 = : - e . ‘- : .
o = .(.c . . - rl-. - R | R . ; e . et e - &
. 1o = = o . - o
. v, . [ gt . . . . = .
. 1 " ‘ s
- - II £ s . i - .
N = g " N b a - -
. 7
. - . = . . . .
L P S I T - = . s, e et “ . . . A . o
] - * 5. &
L P > ; = P .
3 Y e . N " " . T
: % . P L
o . ™ " ' e




I wo.uld

a R 1

'].iiie to ded:.cate bhls effort,, should 1t'conta1n anythmg

+ .

, ..L PSR - . -
Lore wp

of merlt or‘ if 1t expresses.,any of the }vonder of squ1d ﬁnd the ‘

. g " . ¢




*
ooy
o ¥
&
o .
S b
.
-
7.
=
i
‘
o)

v
e
--‘(

e -
R B

£ " consideration by reason of the lir_nited"knbwledg'é which " §urr6unc_1§ D

@« .t
'

N

. .Abstract..

L ) . . ‘:'i _ ) .:.‘ 2 . 1.

-

VRIS s

vt
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PR p -photography ’i‘he 'functiona‘l aspects of amo'e’bbiil movenent ‘
. . LA / L i 2
", and agglutlnatlon were elutzldated"ﬁy these mcans. ' '

l' - Furthen investigations‘employ[ngyelettron microscdpy
/| . =

X - . L : Ithus completed this initjal inquiry into the nature, of

o . cellu‘lar eTements Wlthln the blood of the Newfoundland ba1t

] -‘ = vpos
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Y 'squld. . ]
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S Data. complled frdm the fm:egomg research methods

lndlcate that these c1rculat1'ng cells are eosmoph:.li‘c

,_r’

of 5.1)( d1fferent conflguratmns exh1b1t5 fJ.ne structure

typlcal of mammallan orgamzatmn, as do the other organelles.

Mltochondna, granular endoplasmlc ret1cu1um, multlvesmular
bodms, \racuoles, pmocytm ves1c1es, and enntles resembl 1ng

1yso,§omes constitute the normal array of cellular components.

L B % Dlspersed rlbosomes are present as Well The poss:.ble role of

SN multwesmular bodies in: the pmocyt:l.c process are noted

The ab111ty of thESe leucocytes to phagocytlze . = -'x .

& ) - f

foreign mater1a1 and to attain’ dlfferent p051t10ns or locatlons
. n

e T by means - of amoebo:d movement were ver1f1ecl through time- lapse

photography ST .

granulocytes. The promment nucleus whlch may assume- one . t_'s.'n}-
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® e P INTRODUCTION = .

' f;,Pf A,study ofithe:circulqrory'systeﬁ is,fin tfﬁth, the study ‘

af. a mechanlsm for uhdér‘its influence the aciivities of many’

® -

bﬁﬁzleEQpct1ons are co-ordinated; their products.being dlstrlbuted

)
to all reglons by ‘means of the blodd One'such product,’a derlvatlve

" of mxploidntissuqﬂ is the white blood ¢ell.  The reéder must remember,

;howeVer that-to stréss thi§ pbinf-of nomenbiature tdenoteduby "blood

- - [

cell”) 15uto empha51ze the techn1ca11t1es proposed by semantlcs.

et

Actually, 1eucocytes are not cells of the blood as terminology

o - s

. (g
_Hsuggest%, beqausp-therr.presgnce is merely of ﬁh opportunistic ' nature.

' Rathér;‘théyfﬁfiiiée,tﬁé circuléting Fluid only as é‘meéns for getting

LI

' I i ¥ . L L
where they are'needed host - As a result, thcir importance as a

defen31ve agent ‘lies’ be?ond the boundarles of-thelr communlcatlon!s

network, the exgept1on belng any of the blood- orlented 1nfect10ns 0f- -

-

' 1ntere§t are -the cell organelles whose 1nterrelatlonsh1p ulth'function

LT - Lot

" make the protective role possible. -

Such an Evérviéw Héfiﬁes although rather brlefly, the” exlstlng'f

situation w1th1n typlcally mammallan species. Upoﬁ the author s good
fortune of attendlng a Comparatlve Invertebrate ‘¢lass 1nstructed by

- Memorial- Unlverslty S Dr F. A Aldrlch and later, the teadlng of a

!

' fPh.DL thesis by Dr. Helen Bradburyi a desire tq investlgqre151m11ar .

- . .
. . . = . % . - 5 R

-adaptations in. the local squid became:apparent. ° .,

.

e

e et L T TP SR
. .

e




~.interest because of their unique adaptations, their jmportance to the

endeavors related to ecology, phy51ology, embryology; paleontology :

“in :the world's oceans, have prevented the development of a system

'excretory.and respiratofy systemsa The 1ow‘blood pressure at whlch. ' I .

e st . By ' '
a ’ ' ’ " a
Thls interest -stems from 1earn1ng that cephalopods have gonge

out on an ”evolutlonary 11mb” In fact all molluscan groups have - ‘2%

developed along somewhat 1solated highly. spec1allzed pathways What -

w s

15 51gn1f1cant 1s the part1cular dlrectlon travelled. . . . e ;
. - L] 5 - L] n l \‘j

) . " g . . . . . . ‘J * i‘.;i

That' cephalopods are the most advanced mollusc, if not -~ L

. Y . = i . 1A
~ - 5

invertebrate, can be Well documented. - These animals have stimulated

-

economic scene and, quite naturally,-their value to sCientific

and ethology.

! ¥
’ Such an evolved organ1sm is not- wlthout faults howevers : ' o |

Possxbly the two most 1nf1uentlal restr1ct10ns are to be found in the |

the renal organs work could’ not malntaln the rapld flltratlon necessary : L,
for the successful osmoregulat1on 1n .a more, d11ute env1ronment (Wells] . -

196h,-p. 150]. Thelr commendable attempt to establlsh-a successful - v g 5

!

reSplratory system falls shoft when one- con51ders 1t is always o / ‘ ‘-g:

funct1on1ng at its physzologlcal maximum. These deflclencles togethef,

- -}

wlth the 11m1ted avallablllty of copper (serv1ng as the oxygem;§arr1erJ
\

adaptable to other nlches, such as those found in fresh water.
1 . ‘o,

" The sad'pamt of the ¢ephalopod dilemma is that these anipals .- = '

L]

appear to refiresent an ‘evolutionary dead énd. Even if more copper

- . "
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‘were obtalndble, the amount requ1red would increase blood v1scos1ty
* e "

{
to a level ‘detrimental for the establlshed pr1nc1ples of blood

r . .
pressure and velotlty With a sense of awe and‘plty, one cannot help .

»

but wonder if there are not other lessons to be Iearned from these _ ‘Q R

’
ar

runlque “highly SOPhlstlcated anlmals. . ' S . g

Therefore, it is=the purpoée of this theéis to elucidete the BT S

' morphology and correlatlve functlon(s] of heoocytes w1th1n the squld £ 4. =

L A .
- L

. Illex 111ecebrosus {LeSueur 1821), as they relate to, the 11festyle

L
of this exceptional organism. .
R . g e SR e S e a ' ; '
1 . . . -
, D _ S “n

ATy o bl
P e A T,

However, be¥ore continuing, it would seem appropriate to review
Lo F S g 1 e % ‘_ . % ' .

“the elassificdtion of this speciés uhder examinamion The outline

»

proposed by Bradbury (1970, PP 6 7) w111 fam1113r1ze the reader with =~ . .

JoY

upcomlng morphologlcal cOn51dErat1ons -and termlnology

- L}
-
-

" Phylum Mol}psca B - " 7 . .

-

.

Class Cephalopode (Cuvier, - 1797)
Subclass Coleoidea (Bather, 1888) . Characterized by a slngle pair -

-of g1lls and an internal shell: con51derab1y reduced (absent in some
+  species of the subclass). - . : o ‘

Lo . . I i
st AT AL e o e

Order. Teuthozdea Teuthidida - [Naef 1916) ~ Internal shell. ;
restricted to rudimentary phragmacone, rostrum and pro -ostracum .’ o

absent o
,i & - . fl ' . - .I~
‘ -Suborder Oegopsida . (d'Orbigny, 1839) " Open eye (that is, without
" - a cornea and directly bathed by sea water). The eye is closed by ,
an eyelid, however : , ' : N
2 o : ' : S
Family Ommastrephldae (Steenstrup, 1857) (a) Presence of an
inverted T-shaped hyponomal locking cartilage which is. strongly
.(b) Suckers of the sessile. ar9§ are b1ser1a1 1n‘

-

n f

deéveloped.

Y ., L, Tk .
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i e " \
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‘arrangement whereas those of the tentacuiar manus and dactylus -

are tetraserial, with the exception of those of thé dactylus of

the genus Illex. (c) Buccal membrane connectives of the arms .
attached to the arms 'in the. ‘formula-D:D:V:D:, as first descr;bed

,by Verrill in 1880. (d) ‘Anterior tq the, hyponomal locking- cart11age,.
a muscular bridge passes from tlie hyponome to the ventrum bf the -
head. . (e) The' caudal fm is, less than 60% of the mantle\lcngth

.
+ &

(R0per, et al., 1969) .
. g ' 4 _/‘-.r

- Subfamily Illicinae (Posselt 1890} (a) The hypondmal grogve -
is smooth (Steenstrup, 1880), that is, it 1acks both central and
lateral foveolae, or pockets ‘(b). Photophores are -lacKing
(Roper, et al. 1969] S S v

Illex (Steenstrup, 1880) There, Are fottr Tows of: suckers

. Genus
jon the manus and eight rows of suckers ©n the dactylps of the
«- - tentacular arm (Ferussac and d'Orbigny, 1835- 1848).

Spec;es I. 111ecebrosus (LeSueur,, 1321) (a) 'I‘he hectocotylus

is d1st1nct but 1ess well developed than in the other three *
_species of the, genus, I. coindetii (Verany, 1837),. I. rgentlnu
(de Castellanos 1960) amd 4. oxygonius .(Roper, - et al., 1969) -
(Aldmch arrd Lu, 1968 Roper, et al., 1969; Mangold,- et al., 1969)
* (b)Y 'No tentacular lockmg or f1x1ng apparatus present (Steenstrup,

1880)

‘Figures: 1 and 2 supplement the abover ‘clescr-i'ption.' ¥ SEsale w k 5y 8%

T . . f . g
. o . ¥ . - i
}

Throughout those artlcles whlc}; compnse a h15tor1cal review of

the 11terature, Ehere exlsts a great d1screpancy w:.th regards to the . ,J£ :

'

nomenclature of blood* cells. In. fact, nine different connotanons ‘are:

retamed the orlglnal descnptlve term proposed by.each wr1ter 'Common

synonyms llke helnocyte blood cell corpuscle ‘or cellular element were '

subst1tuted where no ‘such spec:tf:l.e@twn was gwen

]
T

_As early as three centurles befdre Chr1st -a deszre to’ understand

‘and apprec1ate the bloIOgy ofwcephalopods was expressed through the =

obser\fatlons of Arzstotle. Since that.tme,, the volume.of_ related-_

“For the sake of clarity and acciiracy, then, tlt:[s auth'or- has .

"

.
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: FIGURE'I, - photograpﬁ'illusfrafing the external: anatoﬁy .
e . of Illex 111ecebrosu3 {Lesueur,,1821) o LI

Hie ' IR ' (a) Preserved male spec1men, ML 230.mm | (ventrum)' U
« "o (B) Preserved:female spec;men,‘ML 270 mm (dorsum) . ¢ s, W, o “E

v ea

B
‘-1'-;"

1. Hyponomal Valve . . ' 6. Sessile Arm .

i?' S . ! Hyﬁonome - 't : .7; éyef .“f‘j . : -; \

i;.' Nuchal's peftilege-‘ - 8, Mégtle."< X

.+ 7T 4. Chromatophore v © 9. Mid-dorsal Band of
» Lo T{ L _. o _—— .. Pigmentation -

)5, Tentatle - * - 10. Caudal Fin - S
; b ’ b '. g aE ’ -
Ty x5 TR g Photography ré11ed upen avallable preserved materlal; ;

S .. - . therefore, the dlfference in-size between spec1mens is purely - : i
“ 5 3 T c01nc1denta1 and ‘not based upon sexual d1morph1sm , v y ® cro T

[
o .. o= 4 . l..n_‘ . e . mame o= - v . il ., ‘T... - ...{

. : . * 4 . . . . .
4+ - Ty . tows o [ ; . 4
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FIGURE 2.

o
B

-

Internal anatomy of the Newfoundland bait
squ1d Illex 111ecebrosus {Lesueur, 1821)

Preserved female spec1men, ML 270 mm [ventrum]
1 e 0¥ -

\gessile Arm _ S o= 12;' Ink Sac

'13; ,Hepatlc Gland

4. ‘Hypbnomal Valve : . ‘ ' . 14, Ctenldlum

- 5. - Hyponome o 15.3_Cten1d1@1 Ve1n

8. Hypoﬁpmal,Carfilage S ' 18. Antéfior'Mantle Artery

;71 Mantle Cartilége

6. Nuchal's Cartilage . wt = 16a Nldamental Gland

i7¢ _0v1duct

Y]

10.. Hyponomal Retractor i'- B 20. Mantle .
s Muscle -

Wt e 21: Caudal Fin_

w1
’ -

Anatomical detalls concernlng that portlbn of the

Tentacle - =~~~ = 11.- Anterior Vena Cava |
f . : : "-4'# -

i

U AT TP W, : .. B o s ax B arw  a
.9% Réctum L 19 Mid-pallial Mesentery

e

c1rcu1at0ry system enclosed by white lines are glven in- F1gure 3

. 1
L]
I
N
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b
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K
.

=a

L )

.



ah

11

17.

18

19




11terature ‘has groin 1ncre351ng1y, althougn/at tlmes slowly and

' mﬁvertently. The flrst study found pert‘alnlng d1rect1y to. the blood

T .

(Y

' cells of these an1mals, speC1f1cally the cole01d group, was that of

-l

Leydlg (1857, 5pec1es not 1dent1f1ed) Quotlng from Cattaneo (1889

»p. 8), ™. . . he (Leydlg) says that in some cephalopqu the amoeb01d )

‘u
’
"o

cells are colored they a]so posfess ramlfymg pseudopodla .

_The work of Vogt and Yung (1888, spe01es not 1dent1f1ed) merely supported'

-

these flndlngs ) . i r.. L .i

It lS Cattaneo (1889 1891) who deserves recognltlon for flrst

notlng the phenomenon of agglutlnatlon wlthln ﬁepla off1c1nalre L and

: eglolg vulgaris (speclequuestronable) Furthermore, he made a:

dlstlnctron between tnue pseudopodfﬁ that resulted from amoebo1d . .

act1vrty,and those cyt0p1a3m1c-expan51ons that-precluded death. His

'h\

' attentlon was drawn to the bllobed nature of the nucleus and. whether

it predlsposed multlpllcatlon by d1rect\d1v151on

_ Cephalopod -blood cells ‘were described by Cuénot in 1891 and 1897.
His treatise, ”Eﬁoaes sur le Sang et les Glandes Lymphatiques dans la
- - iy & - .

Sérle An1male 2° . partie: Invertébrée“, is'ﬁell-known to'anr student of

1nvertebrate hematology for 1t spans th1s taxouomxo range in 1ts
i

entlrety W:Lth reference to S off1c1nall.5 he lwted the presenCe of
‘ : but one cell’ type, amoeboc?tes, measurlng 15 H and dlsplaying ”granules

"y de ferment" Short, po1nted pseudopodra were also observed. The nuc1e1 ’

[

th1§ change of- shape or nuclear deformatlon, as Cuenot expressed it

¢ ab

were round horseshoe-shaped or trzlobed W1th1n Eledone aldrovandl Raf.:h; -

3
el
%

e
oA =t

R
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'tontinnes unbil the division of tﬁe nocleué. Comments regard1ng these R

which_accompany the article. -

_;contalned w1th1n the cytoplasm. ‘It was noted that these structures ;

© -10-

[ .=

succ9551ve stages of amhebocyte degeneratlon were' explalned v

*

v %
o

Knoll [1893) offers merely a summatlon of the results presented

,by these ploneer workers Wlth the concludlng remark that ‘he, ! too, '

.supported the:r observat1ons HlS study 1nc1uded Eledone moschata Lam 3

Octopus. tetraC1rrhu5 delle Chlaje 1830, Octopus vulgarls L., and

[N
\ TR

Sepia sp. -pf pértzcular interest a?e “his colorful hand-drawn sketcheé

: I '. I i ke, .- . ' ,o' : ..'<I\ i
The same year, Faussek made- the statement that’ such” nuclear .

-'H)"". o L : 3 . md g . i ; .
cbnfigurations (as those'previously mentioned by Cuénot) were-artifacts-

the true shfhe of ‘the. nuclel belng 1nf1uenced by‘tﬁe act1on of reagents.

Thls op1n10n was formulated as a result of work JnVOIV1ng three
: 4 - g.

'_apparently pndetermlned speq1eo of the genera,Lollgo, Octopus and'éeoia.

while investigatlng‘the anatomy of the octopod 0p1sthoteuth15,

A}

epressa Ijlma and’ Ikeda, Meyer (1907) dlsclosed the presence of

) -

_ "dlffused" blood corpuscles wlthln the anlmal's urane. ‘He 1nd1cated

 these cells to be small and generally czrcular, Wlth "clearly dlscernlble

%

,ispherlcal nuclei (p. 210) Many granules of varylng 51zes were J. S g

llmpart a purple hue to eorpuscles aggregated in. concentrated masses.

.3

The next- major contr1but10n 15 that of Kollmann (1908) who "

dealt w1th E. aldrovand1 E mosahata O vulgarls S off101na11s and

J .
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'.‘methaﬁismfwhich;.as a result, involved the whige body and .the
" subsequent cells that differéntiated from it. . The latter were

described -as acidophilic granulocytes possessing "simpie' ‘and poly- .
) n . . = . ' a' i ,‘_ “ B )
morphic nuclei. At times '"double" nuclei were observed. Familiar as

he was with the various cellular elements ;epresehted‘throughout the

e " RN T ) ¢ ’ :
different phyla, it is both inter%stingfand surprising -to note that

N Kol Imann (1908 P '?D) found those of the Cephalopoda to be unlque

! ' I SR .
Csaying:s .. o |

i * L ”Only one type of leuoocyte ex1sts wlthln the cephalppods ' e
-~ -that I-have studied. ' All are granular elements., This 6

fact is worthy of remark. It is the only example with

which I am acquainted. In all. the other cases, ome‘fin

at least a.certain number of hya11ne elements 1nterd15persed

'w1th the granular elements L

5‘;Foliowing.close1y isﬂfhe work by Isgroﬁe [1909} She characterized' &
.the blooQ_corpusoles of- E cirrosa Leach as belng.small, colorless,

; :“‘amoebold and very granularr“ These corpuscles measured 15u in dlameter .

~and’. exh1b1ted rounded or, sllghtly curved nuclel ‘;ﬁ

. Lange (1920) 1nvest1gated the funct10na1 role of cephalopod "y

o hemocytes durlng her regeneratlon experlments on the appendages of 1

A

\

' 0 vulgar1s E moschata, and S. off1c1na1r§ It appears that wound

1

-

T heal1ng was 1nrt1ated by the agglutznatlon of" these leucocytes cover1ng
, o -th\e exposed surfac% of the incision. Pseudopod formatmn {as not
# encountered durlng th13 process however the dtiappearance of the .

- \f' 1ntraoe11u1ar granules was noted 0r1g1nally d1str;buted throughout

- — e

-

i J!’

. o S

.
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i : the cytoplasm, these latter structures were §éen to "gather around ‘ .
= 8 ’ the nucleus and along the cell wall and flnally d1sappear" (Lange, 1920 : :
.. , i
- P 5 Accompanyzng the hyallnos1s was a prOgre551ve elongatlon of‘ oL, 't
!{ _ } . Both the cell and nucleus. Eventually, th15 transformed mass of - _%
L ) ) U g, . .‘.‘. - i!
“N agglutlnated blood corpuscles w111 congglbute to the bu11d1ng of new’ .. .
: £ . - v b
- ., : conneotdve tissue. _ fa _ Vo o F
-~ ' . " | ‘ ., - .. - . ‘ﬂ,ﬁ Boe . Mt g, _ ) l ‘ _:_1, . e A b ;‘
K Of 1mportance to thls area of molluscan cytology is Jull1en s . -.-‘i
° o ] f‘“ the51s publlshed in 1928. Exam1n1ng the cuttlefish»S off1c1na11s, hel\\\\;;-;_-ﬁj -
E " cited the presente of round or oVal cerls 5? By Ln dlameter. The lepbed . .'E_H
'nucleus was excentrically placfd W1th1n a cytoplasmlc ‘mass contalnlng R } .i.%l
e . 'small eos1noph111c granulat1ons. Such was characterlstdc of, cells :,-.' L f;%{
. } B . transporﬁed by the c1rculat1ngablood the structural make~up underg01ng I
o o change only w1th1n the counect1ve tlssue. - e e *i;”f." ' T
- ’ I," S . g - . w ‘ _, B ST . ; -I' A
_33_: ) L . i & s : .y _H_.-‘ - ) LT . - P 's
ey L KIYOHO (1929 from Ohuye, 1938 p 608) re1terate the exlstence @‘»
e P of this horseshog or bllobed conf13urat1on attr;buted to ‘the’ nucleus Che R
-% No reference was made-to the aetual spec1es observed other,tﬁan 1t waa ' ?
f “an octopod,- ) . K ;" b ‘ '1
r . ma _ . map g # WL UEE L 5o o ‘
. ' In 1932 Seren1 and Young notlced the great 1nf11trataon of
- 1‘.octopod (0. vulgar1s) amoebocytes to reglons of nerye degeneratlon L "' , ?
Tthe amoebocytes appeared to be engaged in actlve phagocyt051s W
' Cellular d1v1510n was also frequently encountered
‘Q{ . : . . : ..H“R . »
st * A com aratlve study of, the leuco oietic: organ W1th1n several . M il
b p _5 p - .t . .
. ‘ . & _F 1
'Q?i ' members of the class Cephalopoda was undertaken by Noel and Ju111en in ;
1 L i S o . . | q
: ﬁ ; ' o 2 . . e i
W ‘- ""Fr i ; -
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',1933 ;t was fOUnd that the.mature blood cells ef S. offlc1na115

'-

.- pessessed euslnophlllc granulatlons and a polymorphlc nucleus -The-

. . more than. those wlth rounded nuc1e1 Furthermore it seeds th%& a

'amount .of cytoplasm varled( those cells w1th bllobed nucléi hav1ng much

£ g‘\ £
;dlrect relatlonéth eX15ted between’the abundance of cynoplasmgggd the .~
. T S L —5a
qugnt;ty of gtanulatlons. M;tot1c flgures were never. observed

¢

L

' As w1th the cuttleflsh the "corps blanc“\bf 0 vulgarls was

"'acknowledged as belng the area of leucocyte productlon* However, the

+ . ¥ m&
dlfferentlated cells that represented the formed elements were not:the -

4

sdme Hemocytes exhlbltlng few, non~refract1le rather basophlllc

i’ granules typlfled thls octopod Also dev1at1ng from, that model

|recogn1zed as "cephalopod" or3 more accurately, "coleo1d" were-the

;bleed cells of E moschata.- In thlS spec1es the-granulatlope were -
N 3 = da g G s

- sery small énd exc1u51ve1y fuehsxnoph1]1c

R . b . - e P g ¢ ] v,

. B RS o E ) \'r.

J__ _ af Last to be con51defed was the squld Lol1go vulgarzs Lam Closely

. vy g
resembl1ng 3213 thls anlmal had corpuscles whlch contalned numerous

ac1d0ph111c granules. The granules nght dlffer in size, but all were

h1gh1y refractlle. Nuclel were relatzvely small and'devo1d of nucleoll.

Generallf the chrOmatln was conflned to an oval or spher1c31 area,
‘d o . el -
qlthough a very clearly deflned 1ndentat10n was observed QCCaSJOnally

The true polymorphlc condltlon as expfessed by the presence of two or .
. "8 & . . g
. mone nuclearelobe§:was nqt.ev1dent: 5 e g TF “e 77Ty

7, S Vi
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}amoebocytes“'(oﬁuye, 1938;. p. 608};- R

-y

Yeager and Tauber (1935) bfiefly dlscussed the total hemolymph

cell count of the Squ1d Lollg_ pea111 LeSueur After sampllng n1ne

aoimals (13 individual countS) a~value of 7.0 ¢ 3.6 x-lq /mm3 was .

v
PN

obtained. & Zic T e L B L4 e e

I

L Three ears later, Ohuye ela orated .on the celr concept put -

'forth by prev10us wrlters From standard blood smears treated with

'Glemsa stain (prepared from Idloseplus p_;adox Ortmann and bolxp

‘dof1e1n1 wulker), .he observed ba50ph111c granulocytes in addltlon to

the already estabilshed presence of the 6051n0ph1115. On ‘occasion,

»

cells were noted tp dlsplay both types of granuies Granulocyfes with-

"numerous basophlllc rodlets were seen‘as well. A cellular diameter of

8715u was recordeo along ‘with strong amoebbid ‘and phagocytic activity.

“The nuclei of these granulocytes were round, oval-or reniform, however:
: J . . H

at_times there existed a polymorﬁhic.condition. The author continues -

Al

by sayihg,'fSUEh a_polymorohic.nﬁcleus is found also in fhe_hyeline

A mere reference to the exlstence of amoebocytes 1n the

. T

‘c1rcu1at1ng ‘blood was. given by Tomsett (1939) in his- monograph' on

S. off1c1nalls.g ’

o 5

e

Bolognarl (1950 1§51 1952) revivedlinterest in xhe"blood cell "

morphology of dlbranchlates (S. offlclna11s and 0. vulgar1s) once
again Hlth his presentatlon‘of hand-drawn sketches'51m11ar to.those,of

previous workers. -His description of the mature leucocyte is.wopihy of

. .,
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_mote 'in -that it supports the findings of Ohuye {1938) e. g , the .~ '
‘vpresencelﬁflﬁasopﬁilic gfenulétions Addltlonally, he made reference e

" te the works of (a) Qarazzl (1901) on 0 1gar15, 0. de f EE Verany,

I 'S elegans, g offlclnalls and Seplola rendelet11 Ststr . (b) Thore : "i' A _;H
’(1936) on 0 vulgarls and [c) Cazal and Bogorage (1943) on 0. vulgarls._ T- ' ?:5 f
. ": These resdhrchers stated. that the whlte body produces cells 51mllar, if Li Rk .3‘:1:f
nof 1dentlca11(to thOSe of the c1rqu1at1ng blood _t o "':_ ;., u: A  i
| T Arvy (1960) Speke of the scant number of leucocytes present o a'? ?_
! wlthln the dlgestlve‘tracts ef the Octopoda spec1f1ea11y 0 vulgarls,- I ; E"

3 B B FY
, -

and quest1qned thelr importance ‘as "fhnctlonal agents" ”1

' ” -
4 . ! - . »
.
t

. TR o
e e e d ATy e

Due to the scarcity of available literature’, Spehial-e£f61t s e N
o v ‘A ' s - ' : . _— ;e
L . was made to secure any relevant source,-and it is for this réason that . = - 1

* Kawaguti's 1963 articleleh Sepia esculenta Hoyle, "Electron Mictoscbpy

'oﬁ‘the Heart Muscle of\the'Cuttlefiéh" wae inEIdded For alfhough no l

Pty e et By s

: formal description was given (h15 pr1mary~1nterest being the flne

- .
.

3structure,of musele fibers) there ‘is one transm1551on electron micrograph

v Fl

of a coieojd blood cell; the firet puBlished photograph of.its_type.

L]

L

Studies Into ‘the nature of .the phagocytlc system w1th1n the

" . 8 oct0pods E cxrrosa, E. moschata, and Octo us sp were made by Baginski
U 5 o]
(1965a), Upon 1nJect10n of a trypan blue solutlon he foundﬁno cells

centaining grains of. the dye. He concluded therefore, that cepbalopods
we}e'depfived of ‘a phagoc&tic mechanxsm. in add1t1on, he felt that these

anlmals lacked true "blood" because the. c1rcu1at1ng f1u1d trensportm%

. . ] . . .
‘ . . I - ; . X .
. . ! ' .
. M 4 ‘. 2 . & *
' . 5 ¢ .
o
' "

‘izt one type of cell. A . T o
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©.In another ﬁapEf {1963b)he dealt with the parabranchial

glaﬁd and its ro}e in amoebocytopoiesis Soall éells 'S-?u in.

o N,

dlameter, posse551ng round,nuclel and llghtly acldophlllc H )

cytoplaSm were assumed to be true amoebocytes. Bag1n5k1 proposed

a. cellular- life oycle which teroinated;upon'tbe1r transformatlon

into connective tissue. - - 7 ; A - "o,
. d - ] ) = i s

. . 4 & > ) ) g ! : b’

Barber and Graziadei (1965) inadvertently captured an .. i £

amoebocyte .while 1nvestigat1ng flne structure of the vascular K o

W system in-0. ulgarls and % offlclnalis Cytoplasmlc organelles * s« s T
wh1ch normally occur throughout the cell were ‘noted as belng (a) a

e 55 sy;tem of rough endoplasmlc retlculum, (b} small granules that

-t o

appeared to be. free r1bosomes, (c) large (0 Su) membrane-bound

' granules, and (d) Tumerous m1tochondrla Also to Barber S credlt

.
5 8

(1963 in assoc1atloh wlth Mart1n and Boyde) is a scannlng e}ectron

mlcrograph dep1ct1ng a Small port1on of a vena cava from Q. vulgarls i

e g T sl A A e e Sy At 3 % e a

' and the 3pher1ca1 amoebocyte that rests on its 1nner surface

i vk
. o .
[

Stuart (1968) proposéﬁ,to e1uc1date what structures, 1f any,

constltute the retlculo endothelial apparatus of E c1rrosa .~ He' R o

found numerous phagocytes locallzed in the’ gllls, sallvary glands

and - the whlte body, along wlth 1nd1v1dual'leucocytes of the blood i
& 4

ATl dlSplayed abundant cytoplasm, eos1nophllic granules and ‘a

& dlameter f 12- 15u Thelryﬁuclear shape suggested thevappearaﬁée:
’ ’ ’ - L i : ’ ’ ‘e ".u
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:.éfvhuman monocytes, as. his.-ac¢ompanying light micrograph temds. N

to support. Later, Stuar§»(1970) eﬁpaﬁded his ideés to

’ ) ) " . A
b -

1., " encompass tﬁéwgﬂggecx%lc cells of other 1nvertebrate spec1es and -
A . o thelr responses. to 1n3ury andathe 1ntroduct1on of forelgn -
. T ‘materlals. : e '
¢ 3 ' . " ) ‘ L . k . ‘ }
e o Bradbury (19?0) pre ted a comprehen51vé study of the Al %
: o
_Newfoundland ba1t 5qu1d Ill X 111egpbrosus. Wlth regard to the : 2"
- . - {;’
_ . ] ]I;

formed elements of the blood he dlstlnguzshed but one cell

PR

type dlsplaylng large, 1rreg larly-shaped nuc1e1 and 11m1ted

amounts of qytoplqsny However,'i her photograph (light - "y '
.ﬁicroscopy) which stands as the only one from the Qeuthnlds. '

"
8 -

B - W S

The ab111ty of cephaiopod amoebocytes to pass, through '

[
1nterce11ular spaces (dlapede51s) was noted by Young (1970) while

"
o

. .-:' " 8. '

px L 1nvest1gat1ng the neurovenous t1ssues of 0. ulgar1s, E. cirrosa
"L v . E

and E. moschata. et : s 8 ‘

" [ "
A : . . 3 .

- o

- -, :
b S s L A ek ety ]
[y .

A o T ow o, Currengfiiterature, with its benefits of technological . e
'advanccments, has brought forth several articles of per1phera1 2 "

b PR A 1ntere§t Owing to the very nature of the c1rcu1atory system, oﬁe3
f "1 . . 3
'can eas:ly perceive the 1nVo1vement of - 1solated cells in stud185 : g . o

relat1ng to well vascularlzed tlssues or, indeed ‘the arterles '
"and vezns, themselves. Jn_add%:;?n to the several papérs already e A u}
mentloned the follow1ng are suc examples. - o B 1"' T I P

. . ‘ . ) .
Y Lo ¢ L o " ' ' & PR ——
. el
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He employed 1rregu1¢1r nuclear shape as the cr1tér10n for -

the 'vertebrate monocyte ‘was prppesed. g \*

VA —.18-_-

A reconSIderatmn of. the 1eucop01et1c orgarls of ~ ., .

O vulgarls by Cowden (19?2) y1elds addltlonat 1nforma1:10n.

d15t1ngu1sh1ng mature leucocytes " Other features .a?c-lated

N

with- 1_'.h15 level of_matqratlon were the presence of "basdphilic, ' ]

granular; 'cy'topl'asmi.c. inclusions" (Cowden, l9?2; p.114); a

positive, cytoplasmic response to the PAS.-reagtion; condensation

of nuclear chromatin and thé absence of a nucleolus. As before,

one cell type prevailed; the “eés-i'ndph'il‘ic-,components not having"
. , , R . ‘ -
been ' presérved by_the* Zenker-formal fix:it‘ion.. An analogy to
. g

One year later (1973},‘ 1()\ collaboration wlth CUI‘tlS,

:t," .

he extended these f:ndmgs Wlth observatlo‘n of the pr0pertlcs of

11V1ng cells dlssoelated from whl_te bo_dy tissue of.Octo us | R st

‘br1areus Robson Utili'zing-"phese, differentia'l interference, -

‘u - L

and fluorescence lTIlCI‘OSCOPYs they were ‘able te/clearl)' defme but°

a

a s‘mgle functmn - the capab111ty to, form, "cell to-cell assoc1at1ons"
. ‘e

_or-cell _aggrege;es-. Also, emphas:.s was sh1fted from phagocytos:Ls to

the surrounding of and p:?babl’y neutralization of fprelgn mat_erlals :

or invaders.. o,

" <
v

4
1

Recently, the team “of l'htmer and Martm (19‘?3) have

-

submltted a comprehenswe account of these amoebocytes and the iz g 2°

organelles contamed wlthm them.; The cells, obsewed in blood

I. s1nuses of the branch1a1 heart appendage of Octopus dof1e1n1

o
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mart1n1 {Plckford), had‘a diameter of Su ISu and dlsplayed both

. .o E ;Y

cellular and nuclear polymorphlsm Present in the cytoplasm o ‘
l o wereuve31cles and vacuoles measurlng up to 2 2u;° hlghly 05m10ph111c'
_{electron dense) granules 0 lu 1p; electron 11ght granules, 0. lu—

0.77u; lysosomes mltochondrla, althougH‘rare and a perlnucleer .\ Lol

arrangement of endopIasm1c retlculum and free rlbosomes. af .

Al .

) _ " This history of the elucidatioq\of the cﬁaracterizarionﬂ - W
f\ s of cepha10pod hemocytes is part1ally governed by two prevalllng ' ,
_;hemes._ Flrst there is'a predomlnance of octopod and sep101d o =’§m

. 7 T
.:speeies‘hav1ng'been stnd1ed,'and,-second,'there is an 1nconsrstent';

_— usage'of terminology or nomenelature for the cells being studied

r ‘s

The former regults from an’ 1nab111ty to malntaln pelaglc teuth01d

Fl

L i P A

T S

spec1es 1n capt1v1ty for any length of time. Consequently, only * - _

) flve studles relate spec1f1ca11y to blood cells W1th1n such teuth01ds

:(1 e, squld) (Faussek 1893 Noel and Jull;en, 1933 Yaeger and

4 L1

: Tauber 1935 Ohuye, 1938 and Bradbury, 1970) Also, apparent-

d1scord among these researchers as to. how to- name thé cell or cell
. 4 . . CN .
type arlses from 1nd1v1dual personal preferences and, most probably,

o
.a

"' the prevalent SClentlflc style or usage ‘of their day

oy ok b ket P gy £,

).
8

For these reasons, the author has endeavored to brzng
order 1nto this confu51ng state of affa1rs by preparlng the

followlng table.
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Leydig (1857)

" Yung, (1688)

Reseircher(s),

L

Vogt &,

-Cattaneo
(1889;1891) =« -

Cuénot
(18?1{169?)

© knoll (1893)

‘ Faussek

(1893; 1901).

.

c-rluﬁ ¢1goi)

Meyer' (1907)
Xollaann (1908)

Legrove (1909)

- Lange ().920)

" Studied
Studied

Not Ident.

Sepia

degrul

1w[w@]O]ralre

- |wloim

.Ih!.ulg.o).

Not ,
Idents fled .

S. officinalis
2+ oflicinalis

sEd.ﬂ.c' Ared
of Observation

Not Tdencified °

" Not Ident.

Blood t rom

3 Branchial hearts

Sepiola vulgaris - o

< L

S. officinalis

E. aldrovendt |

E. woschata
D. tetracirca
0. vulgaris
Sepia (sp. 7)

Loligo (Sp. 7)
Octopus il

.

0. De Mippd

0. wulgaris
S. elegans

8. officinalis

Branchial heart
Bloed from

"Branchial vessel .

]

Heart

White body

Fhite body .

Segiol a rondeletii

-

aldrovandl
mogchata
vulgaris

elegans

cirrosa

. mosthata
yulgaris

officinalis

+ officinalis

. Gghthoteuthin Pcrip‘h-ral hloud
‘Branchial-heatt-

Urine ”

Blobd. from heatt
and/or branchial
vessels

5,

ortu‘r at base of

gill; anterior amorta;

" Blood :;Z sfferpnt

v

Cell

Lasucocyte

5 Js
Fot Ident,

Hot Ident.

Blood

" Corpuscle

Laucocyts *

aaterior -vens cava ..’ t

" Blood vessels at’

site of inclilon
(sppendages) .

DulEt.d'
" Call Type
" Amoebotd.

Asotbocyte

5

Corpusciae -

’

+ Characteristics’

Cells sinilar to those of

"

Call . ; B 2

-

Colored; ramifying

peeudopedia o o . i @

_Irregular globules; :

some praudopodia

Round; 12-20 ; sln!l.'clly
granulatad; nucleus, 3-4

in soma ctlll with larger

‘woluma, the. nucleus is

divided; here and there, pairs.

of adhering cells . 1
Round or oval; 10-18, ;. N
resembling those of Sepia with '
smaller, fewer granules .

ASm dhplayins "granules da
fermant"; short, polnted
paeudopodiag pol.yhu:phi:
nucleus

Presenca u! t\ru nuclcl. :

Endorsed r.he findings of = °
Cattaneo and .Cuenot . 3

.

Nuclear-configurations .

" (of Cusnot) artifacts:
! true shape influenced by

action of reagents S ' 7

drcullt:lnls blood

Small} generally circulac;

. “spherical nucleus; granules Lo

Blood Corpuscla

Laucocyte

of varyicg sizes which impart |
purple hua to cells aggregated
in concentrated masses

Acidophilic granulocytes with o
"simple" and polymorphic’ .. hS
nuclei; sematimes, "double"” ;

; nuc‘:hl

15).. colorleu- wnoeboid;
vary: gratulazy: round; -ll.gh:ly
curved nucleus

Agglutinated caells cover

"dncision; pseudopod ] ‘
formation not encountered; L e
dissppeatance of intracellulsr

‘granules noted; followed by ?

progressive alongstion of
call smd nucleus; eventually

" transforned mass of cells

contributes to bullding o! new
conasctive tissus



ullied (1928) -

1]

Kiyono (1929)

Serent & .
Young (1932)

oel &-
Jullted (1933)

Teager &
Tauber (1935)

Thore (1936)

Ohuye (193?) ;

'

?
Towpsect (1939)

; Cl:ll &

Bo gorage (1“3)

lnlegn.lri
(1950; 1951;.

+1952)

Arvy “(1960)

Kavaguti (1963) °

=221

Pl

" 8. offictnalis Blood

-Mantlse emn etive

Toe tisste
T &
An octoped Circulating

. Blood

. I;IIE. ris  Connective ’

tissus .
L

E. moschata®  White bidy

"+ 0. vulgaris K
8. officinalis “

s 7 ‘ e

Loligo pealit’ Circulatory
L systen

l . 0. wyulgaris White Ihody ;
Idiosepius = Pnrlph&i‘d
paradoxa blood

(0. wulgaris)

§, asculanta

Polypus dofleini

-

S. offfctnalls Peripheral

blood
. i
0. wulgaris *~ Whits bfnl:_r
0. .yulgaris White bedy |
8. officinalis " )
_ Octopoda . Lower

Digestive eract

Lunan of
ventricls .

' Ambncy't.

‘Hot Ident,

Round of oval;_7-8m;

- sosinophilic granules;
bilobed nuglaus; ability
"to trensfofa into mnnel::i.u

| tissue cells

Blood Cell *

l.-nnm uocurranu of, .
horseshoe or bilobed
m!uun:lou of nucleus

¥ot Idemt.

Inli:i:rn'tu area of ‘nerve
@ . degsneration; engage in .
active phagocytosis

Vary small; exclusively ' .
. fuchsinophilic ‘granules =~ -
Humarcus scidophilid
granules that were highly
refractile; nucleus sia
devoid of nucleoil; round
. or oval; at time, indented
LI ' Few, non-refractile, rathet
o basophi1i¢ granules L.
. . Polymorphic nucleus; cells "
- vith bilobed nuclel exhibit
) pore cytoplun than those in
. which the nucleus is round;
direct relstionship between
abuyndance of cytoplaso and
quanticy of granules

" g

Hemalyzph + 7.0% 3.6x 10° lu (cell

call i :oun:)
Not Ident. ' Cellw similar to' those.of
circulating blood
s basophilic, tmiuu-philic

Grasulocyte 815
A or combination of bath
granules; basophilic rodlets;
strongly amoeboid and
phagoeytic; nucleus round, .
oval, .reniforn; ac times,

. . polymoxphic

Hyaline . v 3

amosbocyte Polymorphic nucleus

Amosbocyta Mentioned nécu‘;enm. only -

Not Idene. .similar to thosa of

C rculating blood

Laucocyte Round 3 7"-9}.. eosinophilic |

i = graculas, ‘sonetices in
association vith basophilie
granules; polymorphic nucleus;

. mucleolus absent
Ll-u;tocrtt . Questioned functional r&lc
; ‘in digestion/assimilation:

processes

Blood cell’. nmms;\n;\eéum

micrograph



. Salivary glands

‘White body

Baginskd . %
3 (196%;a,b) E, moschata .
1 o g ® !. cirrosa
o i . Oct us (5p. 1)
Barber i
Grnhdc:l. (1963) 0. 1!&!‘1
B 8. lf’g}mlh..
" ~
‘ Martin, Barber . . - S
- & Boyde (1968) 0. wulgaris .
G .- 8 .
: Stuart (1968) E. Py -
© Bradbury (1970) . Illex. -
i ; illecebrosua
Young (1970) E. cirrosa ,
. ay " E. moschata
0. wvulgaris
Cowden (197%) 0. wulgarfs .

»

Covden &

Curtls (1973) 0. briareus
'lﬂ.tu: &
_Hattin (1973) ° 0, dofleini
v martini B
et .~
- -
oA Y
}_J‘.I'.
Vi

heart appendage

"

Peripharal blood " Formed elepent
) . Blood cell
Capillaries Amoebocyte ' ©
]
Blood from Leucacyte
branchial heacts
White body
' 5 .
“thite body ' Leucocyte *
: Hemocyte
Blood sinuses Amoebocyte
of branchial ’ .
[-]

5-7,». Mghtly . = 0 - w9
* acidophilic, cytoplasm; ) S e B i
round nuelau-. abiliry - ) o e
to transform iato te 4 i
connective tissue cells

!

- .
' Systea of rwgh % s ) ch e
_andoplastic ‘reticulum; '

- small granules, thought -

- -23- .
e

Plubna:hul Asoehocyte g
gland " ' .
Peripheral bload

. Connactive l:l.ln_za .

“l'eriphan_l ” Anotbocyte’
blood vessel - | .
Inger surface a\.npgtgocyte
vena cava,

Gills  Phagocyte'
Paripheral blood Leucocyte

“to be free.ribosozes;
Q. Sfui.ubrlm.-bound y
graoules; . numerous N L o
nitochondria "

Scanning electron

l.icraluph . ’%
: g &
12-15}. abuudmt cytoplnu. - 5
eosinophilic granules; oo A, : -
nuclear shape similar to: - | T ' g

h‘l.l.l!-ln nnacyu s

Lar:l:. 1n:¢guhr1y shaped = ~ .
nucleusp limited asounts of . Lo a0 .,

o cy:nphu

Ability to pau-:hﬁ:;gh . ) v
intercellular’ spaces . g .
(diapedesis)

Basophilic granular 1ac1u‘|1qas:u-
positive, cytoplas=ic
response to the PAS reactioz;

_lrrepular nuclear shape; 2 v . o
cendensation of nuclear . *‘
chromatin; nucleolus’ absent g v
e, i ‘ -
b et = e <2t .

Capacity b form cell~
to-cell assoclatioas . |

5-15,... ullnht aad
nruclear polysorphisa; .
vesicles and vicuoles up
to 2.2u; alectron dense
granules 0.1-1.0,8;
electron- 1ight graczules

+ 0.1-0.77u 5 lysoscoes; few
aitochondria; peripuclear -
‘axrangement of endoplassic
reticulum and free ribosomes

e S TR

e e T by
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VETHODS AND MATERIALS -. -

i
[

" General Procedure for Squid Collection , - ' T

Sqr.;ld were collected between the months of July and
‘SethMDer, 1972- 1973, during which tlme they cane inshore at ‘
, pomts near Holyrood and Portugal Cove Conceptlon ‘Bay The
trad1t10na1 Neyle's patent hand- 11ne Jlgger and the mechanlzed
"_'..'Japanese model .(Qu1g1ey, 1964) were employed for the actual ‘. \

: L
capture. ‘Once secured, the animals were placed in 2 large, plastic '

v ' P

conta:mer in which the _sea water was per1od1ca11)' changed untll the

boat docked.. At th1s time the squ1d were, transferred to’ c1rcu1ar e

'
-

: tanks of 2?5 gallon capac1ty and qu:r.c‘kl}' transported by truck: to

- the Marme 5c1ences Research Laboratory at Logg Bay Here, they

. were malntamed in s:umlar tanks supplled wlth cold (9 12°C) - { -

"c_:.rculat-mg sea wateT. Dead capelln (Mallofus villosus Muller) "
- . i 5 . ﬁ - . ., ) .3

suspended from a mono—fllament 11ne, as f1_rst perfected by

e TR L

Bradbury and Aldrich 1969, were approached by these teithoids |
with varylng results. However, “this. food would be J.gnored should o
1t be taken from the 11ne durlng feedmg or dropped to the tank : i {:l

W,

bott_om for other.reasons,

r

" Extraction of Blood . = e 2 0 &

4 “ g . o 3 ..' . b
Due to the fact that major vessals 11e protected within

the mantle cav1ty, dlssectlon is requ1red when obtalmng blood

samples. A 2% solutlon of ethanol 1‘n sea water recomnzndéd by

o .



*%

wioo.
r

=
g

. ~Mangold (personal ‘communication) was used as a general apesthetic.

" submission. . o s wa e

, adependmg upon the annnal‘s size and/or degree of ‘caecal’ d1sten510n. -

o .

On_several occasions, methanol was 'sqbstituted with “equally* good.

. results.- -Flaccidity and chromatophore contraction (paling).denote
. . - ‘ -~ % e . . Lo
. - *p .0 \

“’A ventral, mantle-length incision was made with Lister's. .

_ bandage SClef)I‘S' the lower blade of whlch termmates bluntly.

Such a precautlon av01ds plercmg the dellcate tlSSUES Df the * .
viscera. Plastic, 5 ‘cc syringes f_xtted with, d15posab1e-23 gauge
’ - ¥ 0 f . - . 3

needles Were.utilized to obtain ‘blood from the posterior venae

-+ cavae, .the ctenidial fveiris_-and, less fi'equently,. the branchial’

.ﬁea:;t:.s(Figure' 3. T e o= | ms LT : ?

e
-

l‘he _choice of plastlc mstruments over those of glass & . .

v

i, was due to several advantages, the foremost bélng that thelr

surface reduces the poss1b111ty of. cell clumplng (Stuart 1968

p 402) 'T'he amount off. blood extracted var1ed from 1 ce'to 6 cc.

-

Light Mlcroscogy & Sl 7 F = A
Stalned Preparatlons The author followed standard

laboratory technlques used in the preparatlon 0£ thlck and th1n

d

blood smears, the.oniy 'devmtwn mvolved the substltutmn of /e

\ o

mod:fled 511de when makmg thm smears accordmg to the two.slide

i

“method (Cmchona Pmducts Instltute, Inc;, 1948 pp 1—3). Such
. ' t v
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pl ) plcture of the\cells be1ng studled ) ‘rh;-;j

s 28-0 0 L
| S
a tool 18 e3511y constructed by scor1ng across one corner of a .
"F'\

T

sllde (Flgure 4.1) -and breakxng th1s fracture under water with .
the ald of pllers The resu1t1ng,5mear is then contalned within K
. - o
certaln baundarles (Flgure 4’3), unlike the routxne practlce -

-111qstrat§d in Flgu?e 4.4. Th}slprdéedure 15 especial}y’he}pfui
. wﬁgﬁ.ﬁxaminfng'parésiteé or.;he Qlood';orpuscléé_of mafine
izinfeftebrafes because.it coﬁcentrates éhéiémall ﬁuantity of météfiaf-
.into a prlelC area, making its exam;natlon much- easier. However, :
i( even thzs-measure proved to be unsultable for the hem;cytes of

1. 1llecebrosus thérefore the ‘author: rFsorted to thlck smears
. whlch-wereqsuccessful.

.
il

o .

. . .

c L8, v ' )
Whlle must preparatlons~were allowed to a1r dry, some

were flxed at arbltrary (5, 7-8, and 10 mlnuteJ intervals with a }

/ .

-10% solution of formﬁTin in sea water. The'latter Was absorbed .

by use of paper toye ing attached to the under51de'of an 1nverted

- '

o .petrl dlsﬁ Reallz ﬁg that th51ca1 dlstortlons occur dur1ng d f v

.o .
-.

drylng, 1t was fekt that 1mmed13te f1xat10n mlght reveal a truer
v .

- . . '
. ‘ . vy ) B

= - .
x . : T

Y . '
Further-varigtions.includeﬁ the utilization of a

.\
/' . P .

c1rcular, 18 mm pIastlc reta;ner which had been aff1xed to ‘a sllde

wlth vasel1ne ’ The‘well 14 mm. x .2 mm, was f1lled with several

-4

drops of squld blood after whlch ‘the entire setup was'ﬁiaced 1n '

E

’ X
. a refrigerator and maintained jat 4°C. It was hoped that the

¢
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Preparat1on ahd use of - “spreader” whéh making

thin blood.smears by the ‘two slide method

1; Scoring of upper right corner te .
= fac111tate fracture.. '

o

- :\‘ o .‘

2. Working'implemeht . e.; ihe "spreader"

3. . Blood smear prepared by a standard
junm0d1f1ed} slide. ° .. M

i
1 ' -

"

4, Blood. smear prepared by use of “spreader“ o

as- §hown in. 2 :
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1nterven1ng time Spent in’ this cold s1mulated env1ronment

would perm1t the corpuscles to settle out and, subsequently, form

pseudoppdla. As a means of . compamson “this techmque was repeated

at rooni t;emperature.' These slldes were also #ir dried prlor to

L > . L

- ’
E4 . = : °

M.l preparatlons were the‘n stamed followlng the wel)r

a

used and reoommended treatments of Gremsa Lelshman, and Wr1ght

;(Carleton and Drury, 1962) . The recently developed sta1n Vlllanuevq

' [Vlllanueva, 1970) .-proved to be an excellent. supplement _Finally,

‘.4
a lastlng record was made by applylng Permount and coversllps

v % .

“

' = v g S
. e =
Lt R - o - '

]

. Most geheraljzarions regardiﬁg-cellular }morphology wer'e

s

_formulatod upon exammtlon of” Blood preparat:.ons such as these

%

w ;
) : L . g4 @ . I
i i T . 0

However, the mformatmn for cellular, analysis through mrcrov:rdeomat .

obServat:Lons .was to be prov1ded only by those slrdes sta:.ned w1th

- V11°1anueva s mixture. ThJ.s partlcular compoundomparted greater

contrast between the c}'toplasm and nucleus, thereby: producmg a’

clearer 1mgge necessary for work of thlS nature.

w

1 : A Ze1ss photomlcroscope equ1pped Wlth a 35 mm camera
¥, & , : o
was employed when ta'!ung photographs of th‘fs material., Images "
Py Ve 3 e - 15
enhanced wlth a green fllter and- magm.fred up to IOOOx were recorded
bh ..

-

-f,'_-_

on 'biaok‘ and white panchromatm fllrﬁ Kodak Plus X Pan. Ko°élak

L

Photomdrography lem 12483 (blue f1’11ter) was used ‘for color prznts,

o

! Standard mdthods estabhshed for the development and prlntmg of

,\

%
»
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3
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Microvideomat Studies. .This instrument computes

R area (in this case, nuclear and cytoplasmc d1menslons) by

W
]

measurmg the-amount of 1ight, whlch fa115 on’ a photosensltwe ' L

.

.

-screen. It 15 eompns‘ed of three 1nterwork1ng parts: a Zelss

-
T T e Tt gy
i 2

" photomlc.roscope, adaptable to phase contrast mlcroscopy and

Ll

equlpped with a.35 mm camera; ‘a video monitor; and a digital .

readout device. L F : ‘ o ' , ? ai
7 ' : . i ' I
'I‘o Operate one places a sllde on the Specmemstage - L5 g

e - - ., and focuSes ‘an 1mage at the desned magmflcatlon As w1th any
L _ | 1 "
such observatlon, it is best to eoneentrat'e on randomly d1spersed

el cells that are both complete (whole, not 1n a process of 1y51s) ' ‘ i ;
3 ¥ - Lo ! C . " !
and si'ngle (not a‘gglutinated). Havin'g chosen' the appropriaté o e

. c€lls, one Opeﬁs the camera stop fully which tfansfers the original

e it e i

o 6 _ 1mage to the newlng .fcreen Now, one is able to dlscrlmnate

the regxon to be measured by superxmposmg a wlute counterpart or

e By

likeness. All surroundmgs not mcluded for analys1s are ‘then |
ellmlnated by blackemng ‘the remammg portJ.on of the screen. ‘The

d1g1tal readout 1mmed1ate1y issues a raw value 1nd1cat1ng the area

S

&

of that 1solated white ''shape" on the mohitor For 'final . X

o

o tabu’lauon one multlplles this number ‘by. the ca11bratlon appmpnate

to the magmﬂcatlon used. - . U A ' ' ,

‘ﬁ‘ o 8 . ; Due to: the heterogeneous stamlng propertles of both T I
Al i v, %
: ' < the nucleué and - cytoplasm, dxscrepanezes result which mterfere ¢ R E

w ' ;
i.’ . ."' with total,'d'lscrlminat_mn of. the“deslred.poi'tlon to be studled. e .
g S T . X b
£, e p . ) ) L g ’ ! !
t.‘ e ‘-“ v . ' 6 . ' ' e o 3 ?::

f.: \ Be ' : i
g N ! \ v
[ r o Q 5 I
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However, this ph‘enomenon ‘involves each’ observation so’ that a L

-

con51stent method of evaluatlon should- eliminate or at least
'\b 0 .

-2

%

IORIEe Y g Ay

neutral ize such errors.

°
Bzt
s

r ’ . . . ] .
One hundred blood ¢ells were processed by the micro--

" videomat method lh the hope that a syetem of classification for - S
- : *“hemocytes might be based on nuclear and cytoplasmic areas. ¢ -, e
-Living Preparations: 1. 'Supravit'al Stain-ing.' Py P |

' “
] I M
{ c i
v
L I s

stainmg .augments any. research of 1iving cells 1n v1tro

Supramtal

' through the' appllcatlon of selected relatively non-toxic dyes ,

e ' - Thrs method was therefore employed to supplement pre\uously . . L i
‘ acqu1red knowledge (from fixed and stamed preparations mentmned

earlier], regardlng the complement of‘organelles pessessed by the

hemocytes of I illecebrosus. o ;Y e—uh-c:_,___

. 4 A prescribed technique usmg potassm}i dichromate 1n

L sulfuric acid was followed to msure t-:}uemic:ally,J clean, dust— and

O h . grease-free glassware. Stock solutions of neutral red and Janus/

| | “:preen B k;‘ere_'prepared ‘by etandard ‘methods (Doap and RaIph, 136’4) .

.. These dyes were then applied cto gi‘ass slides itner separat 1y pr ‘
co'njointl)-r Once made and allowed to dry, the\ dye films- ma)f be

stored for later exammation, when a few drops of fresh 7q/uld blood

were placed on one. of -the slldes and a coverslnlp ‘added / Withln I : |

q-
inutes; internal cellular structures could be‘

five™

———
Mo

Lab e LT ke

sl N
distinguished As 1n the prevmusly 1ndlcated procedures micro-

scoplc observation was made at magmficatlons up to 1000x.

. E " . ’
" e ' . 2 it r

crTriare
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2.  Phagocytosis Experiment. Carmine was selected .’

4 , . ; ] L '
. for making a suipension of particulate ﬁatter. Soldtions’of
. c .

o

R e R Feta s, g o
. TR e Y

0.01, 0.1, and 1% were prepared w1th sterele, dlstllled water,
Thls i . "

—

any large granules belng removed by coarse flltratlon.

approach was favored over the use of sea water.for'lt provided a v ey B
: - : - 2 g o Lo ’ Y L

.more inert and therefofe compatible medium.

4

Sohiant i

Test tubes 1n the actual experlment contalned equal. . - }

volumes of blood (1 cc) and one drop of a Spec1f1e partlculate

' .

Blood was dellvered in measured quant1t1es by a 5 cc

e e X L

SUSPEHSIOH.

plastlc syrlnge fitted wtth a 21 gauge needle whlle the carmine’ . . g

i
——

: solptlons were added wlth a l-ml serologlcal plpet‘ Each tube- §
. « & Ay,

-

was then sealed wlth Parafllm, to restrict air contact, and placed
in a, 4°C refrlgerator L o ¥ E .

—_— ' - . f
R { _ After one hour, standard wet mount preparatlons ¥ere : : : ; :

G a8 made‘for exam;.inauon.l Favorable results together with the apparent 5
. norma11ty of these blood cells suggested further study 1nvolv1ng 'f

. CI— .5:,,
‘t1me—lapse:photography..” ;

R y 7 - . 3. -Time:Lapse OBservatioﬂs. This attempt to elﬁcidate

- ) LI I 4 » it
- cellular funct1on was greatly faczl;tated by the means of time-

lapse photography A leon inverted phase contrast mleroscope} o

model M equlpped wlth.a Vinten scientific camera (200 foot magazine)

...‘ a B -
- '-e‘. . . r . ”
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and the .Vinten D.C.~control.intervalomété% wbs used throﬁghout
A T . -

the'varioué studies. It should be noted. that both mlcroscope and

Ll

camera were 51tuated on a board whlch, lﬂ turn, rested upon 51x '
tennls balls to m1n1mlze v1brat1on Furthermore, 51mu1taneous

viewigg of‘the field'being phqtographed @aé made poséiﬁle'by'a

Wilﬁ side tube viewer-that transmitted 25% of the:1light.

A ) e

Regular procedures .outlined for squid. dissection and

.o ' . . . . . .
blood extraction: wereﬂfollowed when obtaining.material for these

© wet mount preparatlons. The latter were then sealed wfih 11qu1d

'paraffln and examlned for hemocyte m0t111ty and agglutination.

Observations regardlng phagocytoszs were made from squld blood

- J
'samples reta1ned within a 35 mm Teflon r1ng, the act al dimensions

*

of the well belng-ZO mm X 5 mm, A "wlndow pane" COVBTSllp, 45 mm x

50 mm, was-added so that the 1% carmine suspen51on cduld be

1ntroduced When d631red o . B 1_ , X

. . \
\
A\

Each sequence was photograﬁhéd at room-temperature using

- black and white .16 mm film "exposed at 4-second iﬁ?er?als.

N
W .

~ Examination of tﬁe_brdceésed film was greatly- assisted {hrouéh_the

usé of a Bé11 aﬁdeowell directamotion ‘which Qpabléd frame-by-frame

viewing. _For'the‘pﬁrpose of printing a photographic succession

illustrating amoeboid movement or the engulfment of bartiéleg,

..d .‘ 4 " -b . : ‘..-- I-.
‘negative release prints.(not timed) were made from the original

lfodtagel'

R

© ot

—
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Electron Microscopy g My A 2
' S - : 1
. Cell studies pertaining to the hemacytes of this §
ommastrephid, Illex illecebrosus;, were conclud®d with e'brief ), 5
- ' i
consideration of ultrastructure. Four dlfferent approéches to " 2, ‘ l§
; : ; ® i
‘the metﬁodologx empleyed dur1ng tlssue preparatlon were followed . ?
. ) : \_ I ) ) I -' I - . A : fi
“Initially, whole squid blood was spun down at room B o %
temperature for 25 m1nutes at settlng number 7 on an Internatlonal '.3 f
Cllnlcal bench size centrlfuge, Model CLe. . 'I'he whlte, sheet- 11ke ' :li‘
L .- “ I‘
prec1p1tate (approx1mately 2 mm) was . cut lnto small pleces and then ;_,;ef
, g
fixed with such standard agents as Kamovsky, 2 S'ﬁ gluteraldehyde or o f
10% fommids dn Ees water over a perlod of 1.5 hours or 2 hours at : 2
) '4°C. 'I'he fixatlve was then removed and ‘a 0 1M solutmn of sodmm - m-.:,.
cacodrlate buffer (pH 7. 4] added ‘and left overnlght Osmlum tetroxlde ‘q;
r} ;“
made up as a 1% solutm’n Wlth s- Colhdlne buffer Was used to postf1x . S
the ”pellet” for 30 mlnutes before block stalnlng with uranyl acetate 33_
.The 1atter was a saturated ‘aqueous solution in wh1ch the tissue méss j :
T

was 1mmersed for 30 mlnutes. Dehydration through a serles of

——

Y g,

graded ethanol followed One. hour within the clearlng agent acetone,

et s
— e e

preceded a 50:50 mixtuze of the same and Spurr, the embeddlng resin.

]

-

Lastly, the hemocyte materlal was transferred to .a mold or capsule
- filled Wlth .the full strength resin and placed in an oven for 24

houre_at 60°C. Tissue samples from fhe gills, branch1a1 hearts,,

b SRR

b %]

Ll T
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I'. . \ w . ' . o
liver, and mantle were processed in the same manner.

A second approach involved immediate fixation, the

agent hdvigg been draﬁn‘into the syringe before blood éxtréetiOn;_

Centrifuga®on followed as did the'reﬁainingisequehce outlined

t
-

5 .' . - . " '_ E - .' ; E

previously. However, this schedule was greatly accelerated through = - -

' ; ‘ ' : L )

’ % T . ' . = . "o |

- the employment»of a rapid method developed by Réwden' in 1973. : ‘ i
X ‘ . 3 2 . & ' |

. Alternately, a 35 mm Teflon rlng (20 mm x § mm wél1)

- was aff1xed with vasellne to a plastlc covered slide, Fresh squld\xo. a

T ".
‘blood used to flll the well was obtalned followlng regular procedures.

“ This setup was then placed in a. refrlgerator for 20 mlnutes and -

=

'.ﬂma;ntaloed-at 4°C{‘ It was felt that such a technlque would,retrleve..- o S
}'hemocytes while by-bassing the comoldcations associated with ‘ o
centr1fugat10n At the aPPTUPTIate time, the fluid portion of ‘ ? 1
the blood was removed‘ the cellular elements hav1ng attached them-‘“ Fa .
- selves to the plastlc_substtate.~ A 10% solutzon of formalln ln sea ;T

water and'?.s% quteraldehydeVHere emplofad [separa}ely) as fixatives‘

with further processing according to the slow or tegular'method 8 , i

cited Earlier : Embeddlng requlred that the hemocyte contalnlpg area
.of plastlc be’ Cut from the or1g1nal plece before subd1V1d1ng and trans-

_ fﬂrrlng it to the embedding capsule, . - . et . e

/ ' ' i ¥ f
Finally,}this'same approach was used with the exception

that the blood- sample remained at room temperature. ' For thé“butposer

L.



of studylng phagocyt051s at hlgh resolutlon a.l%: solutlon of

carmine was added- durlng the 1nterval allocated for hemocyte

L] ‘ b
KSettling, : ' ' 5
Polymerized resin blocks,'cbntaining material ‘processed ' fhl
accbrding\to these four.methods, were then trimmed and sectioned T !

;. on a Huxley mlcrotome u51ng glass knlves 'Silver sections :

( 500~ 600 R) were p1cked up-on Formvar- coated 200 mesh .copper ';. . o “:nl%
. grlds and stalned wlth lead citrate - (Venable and Coggeshall 1965) . . 1 "_ |f
Phlllps 300 electron m1croscope equlpped wlth a 35 mm camera was | o

» . !
. 2 ;T

employed to vlew these preparat1ons‘ all photographs helng taken .'.

-
v Al

W1th Rbdak flne graln p051t1ve safety fllm or Kodak electrOn

-'1mage plates . _:', e ox * w7 e .

-‘.

-
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i ‘ b ' '£égh£ ﬁicfaséop& ‘ h :
i Sbained frebarationa. As indicated prevlously, the.'.,': %" " & ,,1 }

”r va KA L v

fbllowlng morphologlcal descrlptfon Was. based upon random

: S .
. observatlons UtlllZlng stained blood cell pregaratlons Only

_ two restrlctlons were stlpulated throughout thlS\Study, that the

_ . |

: hemocytes be 1ntac1_and-31ngurar. Further examlnatlon;of the_ . R
plienomena -that surrownd agglutination will ensue. o - v L

. o The blood cells of Illex 1llecebrosus are leucocytes and g 158 R
have a cellular dlameter wh1ch may‘vary from 16u to 24u, “the . R o K

average be1ng ?Du to 22u. Table 2 outlines the dlstrlbutlon of
" . " .q ) _'_I -i‘;

C e ‘ this range. Generally, these cells are round or oval in shape * . " o

although 1nfrequently, protOplasmlc exten51ons are seen. .The . _

[l
* -

latter appear to be in1tia1 stages in the formatlve process of .ot ., -,E;

= - T :{

pseudOpod;a. : A ;,.' - _ > = . 5 B

. . = o : ;3 b« . : , _
. Each nucleus is relat1ve1y laxge (F1gures 7 9) in ]
comparzson to the mass of surroundlng cytoplasm and exhlblts an- | .i a® * i

a 1ntense plnkish purple coloratlon Also. typ1ca1 15 the hlghly | §

vacuolated nature of - this area. whlch 1mparts to the chromatin. a - S

'
’ -
H

coarse network like appearance It (the nuclegs)-la polymorphlc
h wlth the\partlcular degree_of nuclear indentation, that gives. .

rise to the number of‘ldbes,_seemingly deriving its origin from

e : S B - : .
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b ? ~N ' i ' !
t - . .-_40.-‘ .
., ' 3 a
‘ .~ TABLE" 2. Dlameter, tabulatmns for the cellular and nuclear g v
F ' .components .of 100 blood cells, randomly selected from
& "a. b_100d smear preparation *from I1lex lllece%rosus. -
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the nuclear ”face"g The Bpp051ng reg1on of nuclear perlphery S
: - s P

a

.u 2

is rounded, conformlng to the cell membrane along which it is ‘, C &
o . - L

zcloéely'aaﬁoc1ated The maJerty of hemocytes possess exceptlonally ¥ Ty

dark concentratlons a;ong thlG "rounded" portlon and occa51onally, ) .
. . -+

%

» T T oey . £ . .
. .
. 1 o Lt a o ol

the~ex;§¢1ng lobes are deflned. Nucie011§were not ‘visible. . e

The cytOplasm is basophilic,- formlﬁg_a homogeneous matrlx o B S

of coarsely granularfcomp051t10n Vacuoles constltute one of the ' . ':I'*l

2 (-

normally occuarlng organelles They measure 1u it d1ameter Large, - " ’u~‘W

oval andwelongated refractlle bod1e5 are often seen as well belng R

a3 )
g - .
I o2

located free wlthln the cytoplasm or, more” generally, encroachlng B -

the ‘nucleus. Although usually present as. 51ng1e ent1t1e5 they

Thelr’dlmen51on5 span a range from 2u x 1p to
L -

Occ351onally one may- observe basoph111c rods .

may exist in palrs

Sy X 6y, in dlameter

- and spheres The former (approxlmately 0. 7u) shadow the rOunded L t

portlon of the nucleus wh11e the latter (dlameter lp) appear 1n 2 ¥

ok

:’
the cytoplasm or over the nucleus ‘The leucbqyteé of I. 1llecebrosus° T f _’;
also possess eUSLHOPhLllc granulat1ons which measure 1y in’ dlameter A {

i

a

' ‘ i

It is 1ntere5t1ng to note that two varlatlons may exlst; an oo CoT

e

1nd15cern1b1e mass assumlng ‘the form of a plnk haze. and clusters'

%

‘or concentratlons thch measure up to 3p in dlameter From theae - &

three COﬂdlthﬂS the follow1ng comblnat1onsahave-been observed:

[1) concentratlons, 1nd1v1dua1 granules, haze, (2) concentratlons

1nd1v1dual granules, (3] 1nd1v1dual granules, haze; (4) 1ndIV1dual . ; Yo

(Y L3
“\ . .

granules, solely. ' 4 . o : .

! . ' v .

A
e
s
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. \ 2 " . ' ) . !
+ . Figure 5.is a composite display illustrating the various

morphological characterisfics attributed to these‘coleoid'

1. '

hemocytes., Included is a representattye photograph of cells

found w1th1n the central reglon of a blood smear. They exh1b1t'

etrange qual1t1es in ‘that. thelr cytoplasm and cellular 1nc1u51on5'

7 ]

’ staln according to those cells alqng the smear perlphery, however .

C tideomat analysis have been tabdlated in Table 3'

. ‘Microvideomat Studies.

‘

the nucleus 1s always dev01d of its typ1cal coloratlon formlng

an eerle contrast of white.

o

t

Data collected through micro- :
the nuclear

“»
_and cytoplasm1c dlameters ofieach hemocyte’ be1ng 1ncluded as

‘ although suggested grouplngs have been offered for ten.

ﬂdzsplayed as: (1) the nucléus being a. compact oval or spher1ca1

@
supplementary information. These values become meaningful, Mn

Y 1) " . & b " N
terms of establishing a system for blood ce11 classification' :

when correlatéﬁ Nu the correspondlng nuclear conf1gurat10n
Therefore, 1t became 1mportant “to categor1ze each chromat1n mass -

<

accord1ng to the number of lobes d1splayed

4 -

' . Of the one hundred ‘cells observed 85 could be a551gned

4
] t

"to'one of sex dlfferent categor1es. Flfteen remain undef‘:.ned]I

The

'crlter1on “upon wh1ch the above categorles were based was the degree

of ‘niclear lobulatlon (Flgure 6).

1

- This variation in shape may be

mass; (2) a sl;ght indentation; (3) an 1ncrea51ngly prominent

v '

1ndentatlon, (4) an accentuated renlfozmh this bilobed state i v p

occasronally exhlblted as EB -shaped,_(S) a trllobedlconflguration;

[

&

e
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. o ot t FIGUﬁEcs Gomp051te photogrdph 1r1ustratxng the general :
’ o e o w ' * . morphology of cellular elements w1thm the blood

s s w -, .of Illex illecebrosus. - g VopE '
I S ."' ™ LR r° “'< a il u ® l’ . ! H ° ® y . . ‘n
L\/ 4 - ‘i i ' & -u." ’ - * g . ' 9.': . ¥ . . -

g T & Mo geg avd w o, gt 2. Nuciear conflguratlon type 4a” ' .|
K . SR, S . N (bilateral indentation), 0051nbph111c L.
. . S cegranule within upper portlonoof edll  .f, ¢
S T T B ;s the "conﬁ%ntrated" varjation. e s

-

R Py, 2. Note eﬁpeclally ghe large refraétlle

g ol . e ', . -~ organglles (on either side of nuceus) '
S : Fu o, g = L deflned from electron m1crographs as ‘. L
1 = - oot : , K mult1v251cu1ar .bodies. A‘single.. ..

) L TP o 0051n0ph111c granule is situated between .
S o .. "7t 7 .. the nucleus and-the refractile body to -,
__— oo F # o 1ts rlght . " N ey e 0

. ‘_ y ; . 4 Do s '~'°‘.c,.~ °

w - oe® m e oA FBa oo Ty g p O Exempllfles the staining ,properties of . =

L = Y. Foa L ‘ hemocytes .found ‘within"the central Y .

. portlon of a blood smear and addltlonally .

" 4 o . ~ i . --the nuc conf1gurat10n designated as 3

. S S - type 5 (trmlobate} . W S . o
. _ . $ b'- o 4. The exzen51on of d iobate pseudopodlum ‘ .
he oy v - S "R e «The pinkish area betgeen.thls extension = o

o B ‘ % T *and the nucleus represents, the "haze" —.°
1.. R g m o= B 0 " type of eos1n0ph111c granulatlon. L

' . L ¢ a
© . [
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-TABLE 3. Micrbﬁideoﬁat énal?sis of 100 blood cells randomly
' . selected from a’smear preparation having requ1red
the fresh blood of Illex illecebrosus..
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. g
. An asterisk accompanylng a number which refers to
the type of nucléar configuration’ (column 2) denotes ..
©.a suggested grouplng for that particular chromatln
mass.‘
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B FIGURE 6. A criterion £6r the classification of leucocytes: . L
= ' - . within Illex illecebrosus: nuclear lobulation. - T T eEA
(1) Type one " - round or oval nucleus : e 5y ¢

._‘ o . : . . \ . ' - X
’'slight indentation N AT

@ Type two-

(3) Type three ' - _progressive indentation = P i
S o (4) Type four - bilobate nucleus ’ i
T L « (5) Type five -trilobate nucleus. ' - . S 1
: (6) " Type six - multilobate nucleus . - L - g
; S . (bfi'l{ia‘nueva, 1,210x) - ' e . ' A :
-(a) and (b) in Type four denote d1ffer1ng nuclear B
FIN _ S . 3 -+ . configurations of the bilobate condition, while in '
L vt ... Type-five differing nuclear cOnﬁguratmns Ain the - ° ¢
i - trilobate condition.’ I Rl |
‘I .
/
‘ e K '
L
- II'-
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and (6) the mu1t1lobed eendltmn. Nu;lear l,pbes as expressed w1th1n ,
these last two categones may be 1nd15t1nct 11ke buddlng outgrowths e
-'ef the orlglnal (Flgure 6 - 5a), or dlstmct ent1t1es The latter ,. _‘ | .
are not separated like those characterlstlc structures ef human |

,neutropluls but rather are joined by thlck chromatm strands. T‘he‘

frequency of eccurrenc'e for each__pf the desighated categox_‘ie_s'-was: -

\. ©* Type'l, having 20; Type 2, 21; ‘Type 3, 20; Type 4, 9; Type 5, 13;
.*andf[‘yp'e 6, 2. - .
The followmg graphs (Flgures 7- 9) 'serve to 111ustrate the : L I .

P proposed relatlonshlps of these nuclear shapes to the1r respectlve

areas, the cytoplasmlc nass Wthh surrounds them and of. the nuclear IS '
« areas to those of the cytOplasm. Further analysis of such data

reveals the. distribution of nuclear and cellulat diameters of .
hemokﬁytes within the different categories fTab}e 4).
. 4 = o & .

J ’ 3

N e s et 2 S S

T i S e
TR A

Living Preparations 1 Supramtal Stalmng__ When stained

e o ‘ supravital]y Wlth Janus green B ‘the m1tochondr1a appear as bluish-
f

LY
. o -

g green rods -and spheres. These Jorganelles. tend to-concentrate around

S el

’n . - the nucleus and along the cell periphery. Granules, measuring

Sk " . 'approxlmately lu, are revealed upon thelr exposure to neutral red . R .,l
Characterized as intensely red spheres they are seen near and/or P l

_"superireposing t]ie_ nuclear chromatin. y Neutr__al red vacuoles were not . .
'o‘hserve'd,‘ hewevet; .due to th.eir .progressiire enlargement with tine' |

‘it would seem probable that formati{re_ stages '(indi_stinguishable at"

this point) were dispersed among the ‘granules mentioned previously.:
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The. relat10n5h1p between selected nuclear
configurations as “in Figure 6 and associated -

nuclear areas in blood.cells of the’ ommastrephld
Illex 1llecebrosus. ;
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TABLE 4. Relatmnshlps between the cell dzmensions and

nuclear configurations of 100 blood cells randomly
; . selected from a blood smear preparat1on obtalned
.. from Illex illecebrosus. - o
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. 2. Phagocyt051s Evaluatlon Pre11m;nary experlments

de51gned to denhk\ine the existence of 4 phagocytic response

and if successful the optlmum coﬁfentrat1on)of carmine requlred

to 1111cxt-such hehavxor were examined.' Intracellular granules

J

posse531ng s1ze, plgmentat1on and refractile qua11t1es similar
ta those of free -floating carmine partlcles rema1n1ng in the

f1u1d surroundlngs were, 00n51dered ong in the same,

b ~

. "An incubation period of one hour under 4°C conditions
preceded'analysis of the 1% éuspension. The ether samples (0.1%"

and 0. 01%) remalned at thls temperature until counting could be

1n1tlated an 1nterva1 of 45 minutes between each sample. Twenty

L

‘conseeu;lye cells all 1ntact and occurr1ng-sing1vaere studied.

As Table 5 indibates hemocytes within the 1% carmine
' »

' suspen51on exh1b1ted the highest degree. of phagocytos1s._'More
-_1mportant1y, these blood cells dlsplayed ‘riornal - appearances,

'1mp1y1ng that this preparat:on of dye was both compat1b1e ‘and non-

toxic. | Such knowledge prompted the’ incorporation of time- lapse

-phoﬁography in order that a fuller-appreclax1on of such ‘behavior

3. Time-Lapse.ObServ&@ions. Each of the three;time-

lapse films shoneq,_quipe clearl}, that amoeboid movement,

phagocytoéis,and'aggldiinatien are integral parts of this hemocyte's

behavioral responses. Individual consideration follows.
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1% Carmine éolution'f 1 Hour Inéubaf}on Period :
¥ 5Ceil'Ndmber " . Number of Granules Pﬁagocytiie&'
& . by Cell
L 4
2 ‘ 7 .
: -3 4. -
. - 4 1 - " ‘
s o ‘
6. _ 0
7 " 4 :
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17 oy
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_ . . “*coricentrated mass,.indiviahal granules could not

ot * - be perceived clearly. . : 4

bt ' SR , S " p

. d\. ‘ '
" ' . . continued
. .': e J L * M

o R = Py
'-'_-'h, 3,




R I R T R LR
bl 1T &

AL i
-—
e
.
3 ’
]
¥
.
2 '
A}
4
'
.
'
.
e
.
‘
.
.
-
-
=
.
'
*
[}
1
gk '
3
oA
o
s
' .
'K
-
'
LN
% -
M .
.
[
.
'
- B
———
-
.

. 1l

-

©+- . TABLE . ' in
2 O F .. .by blood célls from Illex illecebrosus following

4 4
.I.
* - '61“
. : il
: \
LS * ’
. 8
» .
.
'
LY
-y - .
] . " .
’-. I . « 8
'
z =
o -i
. .
P
*
% .
'
- !
. -
]
" .
2 1
.
L -
I . .
L L]
. .
. 2 .
g v
i v
.

. -.
| RS

. The degree of phagocytosis occurring in vitro

‘

the intsoduction of 0.0f, 0.1, and 1% carmine
.. 7 solutigns. ' b Y

' v 3 T
"
- ’ )
. "1 ]
3 A . J i
a
&
i .
' ’
L
i T
' . . i
¢
. . .
N - . .
§ 4 = = 1 ~
N \ * ‘f
g .
’ P
f i
L ] i
.
. .
..
. ¢
" .
.



o

‘.
Coam
. . "\
. ' ] :
-63-
‘ & 1 .
:Table § continued. ‘ 2 "
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" Table 5 continued
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_ When floatlng freely Wlthln the bloodstream these

‘-‘corpuscles of the teutho1d cephalopod, I. 1llecebrosus, are

round (Flgure 10-1). In;ernal organization, inglgéinglthp..
promiqent nucleus, is difficult to dekefn. ,Eventuallf;
éxpibratofy pseudopbdia.emerge (Figu£§‘10~7), Only one projectiog
was opseryed initiallyﬁ howevﬁr before the ce1£'s actual adherence

to the slide, up to four pseudopodia could be seen. These

:protoplasmzc extens1ons are blade- llke in’ nature and protrude a
’ dlstance whlch just exceeds the cellular diameter. Thex‘appear

to ;weep ‘around the hemocyte, although ih truth, -this is probably

) e
an illusion; -the cell really exhibiting a whirling or 'spiral*

\

. movement . P e . % g F ' . '

PR | ' . :
Pre-attachment activity proceeds once the éxploratory
pseudopodla at the' 1ead1ng edge make contact wlth the suhstrate

surface (glass slzke) d1stend1ng and/or coalesclng to form a fan

_-(Flgure 10- 19) This area can be dlstlngulshed by its pale colorlng

and the manner in which 1t forms a margln about the cell's anter1or .

¢’
Simultdneously, from-the partlgular hemocyte belng observed, two

péle, short, pointed pseudopddia'appear at the posterior region

"(Figure 10-20). Reasons for designating these anatomical regions
*as "front" and "back" will become evident upon further examination
of the movemgnt‘sequence. At this point, the cell elongates

siightly; the advaﬁcing_edge goiﬁg out of focus and the pseudopbdia

at the rear coming together as one large, dark extension (Figure

10-24). An abrupt relocation of internal structures, followed as

n
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.In Figures 10'and 11 are presented several‘pﬁendména

as exhibited by time- lapserphotography. These. are (1) free-

floating cells,’ pseudopodia formation,. and attachment, and-

(2) locomotion on a surface and subsequent detachment. -

Thelfifst of these js to be seen in Eigure 10.

| . . W “
FIGURE10. A time-lapse progression illugtrating the
' amoeboid movement of cellular elements from

the-blood of Illex illecebrosus! (238x)

b —

Free- floatlng cells to their subsequent ,
attachment to a substratum.
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An arrdw denotes the hemocyte selected for
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notcd by furthcr cxpan$1on and a "ruffllng" or undu1at10n along

one 51de of the corpuscle (Flgure 10 31) Such movement appears “_f

to orlglnate anterlorly, almost remlnlscent of per1sta1t1c waves .

Just as ono 51do of th1s cellular element wa§ thrown 1nto wavés,

s ’

S0 the same. occurred on tho opp051ng 51do. th hore, a s:ngle
‘large buige was seen 1nsteod of the- small onumcrous onos

preV1ou51y mentroncd (Figure 10 32]

*

Prptoplasmlc re- absorptlon transforms the posterlor

pseudopodlum into a former statc, althougo st111‘;o1nted, 1t is

now slender and palc (F1guro 10« Sé) Later, 1t seomlngly d1sappaats
‘with soqeral veil- like expans1ons being formed in its place [F1gure
10- 36] Howouer, dloscr observat1on reveals very long, 1nd1st1nct
pscudopod1a whlch become’ visible only upon the undulatlng movement

. of thcso ccl]ular pro;octlo;o. The entlre coll then went “out of
focus but, subsequcntly, was noticodato flattén while oscillating
gently, a motion solely dcscr1bab1o ao “nostling" fFlgure 10- 46)

The nucleus, itself, was visible although specific deta1ls rogord

i lobation remained ind@mct. One rofractile granule, measuring.

“ L}

1. Eu - 2. Op, wns containod within tho cytoplasm. Five dark granules

all concentrated over tho nucleus were npproxamatoly v in diamoter

1‘

(Flgure-}0~47).L‘Qttnchment to the microscope-slldo is ‘now comploted.

o c By 4
R L - i 5 v J . .
" . . - . y

A
Bocauso the procossos of a laving cell are continuous, it

g diff1cu1t to 1solato ovontdgﬁdolinouting one motion from anothor.
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As is often the caSe,_o certa1n degreo of overlopp1ng occurs,
so', for clarlty, it should be stated that a transition per1od

exists whereby ccrta1n psoudopodza at the hemocyte s anter1or T
!

d;scontlnue their “anchorage" state and begln probing thé surroundlng

Due to fllmlng 1nadoquac1es, however, this remainlng portion

. of the movement sequence is best lllustroted by observ1ng another

hemocyte involved in the same process of exploration.

v 7 2 "
5 -~
. .

Figure 11-2 vorifies how the advancing'edge,sends"out thin,
7 '

llghtly colored, short pseudopodln " Thase extonsions

p01ntcd
elongoto, becomlng wider and darker as more protoplasm flows into
This lobate form may‘pcrsist or, as seen more‘froqucntly, will

. i - [ . .
subdivide into as many as*three minor (smallér) psbudopodia. Nhen

no Ionger requ1red the proJectlon is scen revorting to its former
or original conflgurotion' a procoss governed by thie retreating

flow of protoplosm rurthermoro, individual psoudopodih appear:

wh1ch usually malntoln,the1r singular1ty thr0ughout the courso of .

f;lm;ng. Howover, several 1n5taAces have been recorded 1n whleh two
N

of the formcr united to produce one lorge psoudopod:um :Thei

movcmont soquence comes full circle (Flgure 11 22) as the exploratory

& [id

r r

- pro;octzons bogin adhering to the $lide wh11o dotachment occurs by

a'quick jerk of a. postorior pseudopodium, thus afflrming that the

Pas,

blood colls of Illex 111ocobrosus not only have an a otom1ca1

front and, back wh1ch execute spocxflc behaviour duri g the process
of locomotion but ulso are capablo of attoching then&olves to aﬂd
. --Fh—.lt—-"&

.mov1ng along a substrate surfhce.
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h tzme japsc progr0551on 111ustrat1ng the amoeboid ,

- movement of cellular elements from the blood of"

T1lex illecebrosus: .- movement across a. substrate

and dotachment (238x) e
An arrow denotes the hemocyte selected for

-con51deration. Ry . : VAR

A broken arro (fraﬁe 21) dcnotes the posterlor

pseudopodlum mmediatqu ‘prior to 1t5 detachment.
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Internally, 8 ‘dark granules were observed wdthln the ..
- \

central region of th1s partxcular cell These tonded to "bob" up u- - Pk

=~ s

and down although rap1d, d1rect10ne1 movement occurred- when
'protoplasm flowed qu1ckly into a forming- pseudop0d1um. The‘granules

were never’ seen 1ns1de the pro;ect1on, 1tse1f however

.nlsec0nd prOpcrty pttrlbuted to ;ﬁé heﬂocytes of I. illecebrosus
.is tuat of agglutdnation. ‘Fortupetelf, 5 eequence wﬁictlportrays .‘;
'_atﬁe eucnts:surroundinglthis-pheoomonon was recorded‘by_heans?od time-
lapse photography (Figure 12). ‘That £ilm shows the opproacéiend

subsequent adherence of two blood cells to a third, previdusly settled
p ' ’ . ' o c I}‘" Wt

: corpuscle; the last'cell having been described on page 65. , Those = 5,.‘"

surface~tension; The larger one ertends tyuiCally'ﬁlade-llke

L

exploratory pseudopod1e~as it 'crawls" around the sm:ller cell

(Flgure 12-1). Although thls smaller hemocyte was séen to change
ac :
in shape (rounded to peer—sheped alternately) no pro;ect1ons were
g/ . .

: oxtended Gradqally, as these two approa§h the attached cell "their © .

vcloc1ty increases* the outstretched pseudopdﬁlal fan of the- larger . ,"-f
corpuscle com1ng in contact Hlth’the ve11-11keimafg1n of the third

' R LR
cell [Figure 12—9) With a motion similar to gliding, this Do

prOJectlon mOVes across the underlylng, cellular surface and becomes,

affixed near the letter s central reg;on (Figure 12 -12). Onee .
‘ attached the advancing cell, elongates ;hile exhibiting "settling\ .l
out" or- Spreadlng behavior resembllng that of Erevrous discussions
' (Flguro 12 18) Throughout euch aet1V1ty, tﬁ;Lsmaller blood corpuscle.

o

. two have agglutinatéd or, at least, are being held tlogether by ,‘!:"", o

e D p—
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i FIGURE'12. A time-lapse progression 111ustrat1ng the -
ot i ' properties of agglutination ‘exhibited by
) . Lo cellular elements from the blood of Illex

', . . " illecebrosus. (238x)
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' has,remained vfrtually unchanged. It is onl} hpon tﬁose final

!

stages of agglut;natlon that it, too, 1n1t1ates the meehanlsm i & . L T

for adherence [F1gure 125 24) C ' u,, e S
hlthough having COmpleted this facet of ‘their behavior

" the hemocytes st111 malntaln their responsiveness to external . : 5

4

st1mu11 as well as to their agglutxnated partnbrs. The study of
p}lagocytosm, whlch foklows 111ustrates this pomt exceptlonally —;
well ,Apart from the boﬁh1ng motlon of the dark, - 1ntrace11ular
granules, the undermost cell remains relatively 1nact1ve as does 5 0 _?‘ ' li

the smaller, qpllular.element. One sees’ a great deal of 1nternal

movement and psequpodiaf extens1on assac1ated wlth'the large ' .
bIood cell'.however."ln fact, this. partlcular coerScle -becomes: x 0 L

p\ hnghly contorted be1ng "L- shaped" at one p01nt (Flgure 12- 32) d ;:EZ-

Later, the same hemooyte was observed mov1ng out of the viewing 5

fleld;(Flgu;e 12-44) . ;A single pseudopod1um retalnlng contact wlth v &, P

the origiﬁaliy agglutinated mass_now elongates and becomes pelg,

e !

'(Figure 12-51). Eventually, if'will break free or detacﬁ although‘

not so abruptly as the’ 51tuat10n recorded ear11er (Flgure 12 56)

\
‘

One 1n5tant the connectlon is 8V1dent the next it has dlsappeared

completelyu Possib;y, the mofion was too subtle_or'the projection &

too pale for accurate detection.. ‘ ‘ _ .
h o u . . .
S ™

* = . ‘. ., '. ."o' : .
of special interest was the'concluding t1me—lap5e 1nVest1gat1on i ,

. deallng w1th those processes of phagocytoszs Fxgu;é 13 6upp1ements €
the d1scu531on of th1s study’ The advanc1ng edge of ‘the approach1ng S )
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‘ jis .~ FIGURE 13; A time-lapse. progression illustrating the
e * T phases of phagocytosis exhibited by cellular:
a &g 3 . . & - .. clements frém the blood of Illex illecebrosus.
. 5 % wg : C - .
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Bt T . : An arruw denoted ‘the carmine part1c1e
’ & s PO belng phagocyt1zed ‘ . .
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‘ hemocyte has been extendéd as a veil—like margin of mumerous -

particle,. the pseud0pod1um of ,elosest prcx1m1ty establlshéé . : g
contact WIth it and then beglns 1nvag1nat1ng, the laterdl’ - .. ‘
"cxtension;ﬂprogresgively surrounding and endlos1ng the foreign o E
granulc tFigure &3—95. :As this grﬁiﬁ'of cafmine is drawn - o w g B ’
e, .
toward the cell‘s endoplasm [the central, 1nnermost region) o ., ‘ ' E

" to extrude prOJect1ons (Flgure 13-19) . However, pseudoppd%a . _._; [f,-

- . . ¥ . . .

o s

pseudopodla (Flgure 13- 1) Upon reach1ng the carmlne'

[}

the adjacent marg1na1 perlphery through Whlch it entered ceases S ". 'ge.

: .
g E . N ) . . . "_'- H ¢
are present to either side of this drea.. . !
. y g h
< . . “ g | s " ) 4
Figure 14 serves to, augment the information, compiled - - o
o LY L q .
from .these previous illustrations. el . .o
L . _ , _ ] 5 .
o . ‘, o . u T X I‘ L)
* N « ’ ' i
) ! ‘ ’ ’ * L ’ ’ .y . * L] :T
’ = - o s 1 “ i ‘
a ] i 1; © a ] 2 :
! s . ) i 3
’ 2 . : £l * 1 -
ey ' . '
5 o ! [ ¥ # 1 v ! i
‘ LY * 2 . 3 )
t 1 ;
s ’ . 3 L o N "t ' .,
fj - ' L ) . : b ) ) ’ : Bt .
' = E By :",
‘ & i : ' ‘ g,
- L] ] “ - ' . . L . ! LI )
» LY . . i . i .- oW ' z &
] . .oe o=t ’
) - #, R -
] \ - . ) .
n o v : . "
' 4 * : - [] ! '
. . ) ) f
3 = * r f ! |Il
' sl 5
» S0 Mg ' - vf e



’ . ¥ .‘
I_:__ A I g , J ! . . \.
. : v -88- ’
. 9 . . .
3 2
-II I . '. & " ‘ - . I .
.°Ib ) ¢ i . L] " . -
- ‘ 5 ) > " 2 '\l'
;"u I 4 ‘ ! : -
i " . . - .' I}
" ' ) s e
.r‘j‘-
v . * . FIGURE 14, A t1me lapse progre551on whlch substantlates :
% ] i

. , .+ previous information regarding the behav1oral :
I e n " ‘ responses of cellular elements from the blood -
¢ s #: _ -+, of Illex illecebrosus; specifically those

;"':‘ . o . L)

e @ e P . An arrow denotes the cell: seleeted

s , " responses of movement, agglutlnatlon and L
f.: . . i phagocytosas.- (238x) _ ‘

.
. !
.

s

.

S ; : . ) for con51derat10n.,_ w ® T o F T ¢

TN ot N

I -

i . .
.

i .

O] %

o

o ' i

& ‘

w3 o PhégQéytdéis:

% S " ot y _‘Agglutination:

ot T3 =
~ e
.
.
L
e
.
+

e SHTE"
-

&

"

frames llfhfqugh,Zl, p}imarily

. © Movement: frames 6 through 27, primarjly

frames é? through 35, primarily

e L . i
.
. -
. L}
v
.
.
[
4 -
= . .
.
“ .
!
. * '
f v
. - '
' : i
i . <
5 . t
. .
. L]
= .
.
T
g o
S t
. .
! ' L












., .

T R

e D L T p————

A

-

that the nucleus is boimd by.a double membrane the outemost

‘ g2~ = ‘

0
.

Elec‘tronaMicrbscopy. The “eos,irlophilic"-grenuloc‘);‘tes _

: Y
of I. 111ecebrosus d1splay levels: of celIUIar orgamzatmn ; g
I .

"comparable to those typ1fy1ng mamma]s F1gures 15 and 16,

representat1ve mcrugraphs 1llustrat1ng general morph010gy, show

-
4

.

‘portmn of wh1ch is studded w1th r1bosomes Nuclear pores "have

I

. )‘ ‘ 1
been observed on occasion. Characterlstm lly, the nuclear-

. chromatm is condensed perrpherally al/though aggregatlons wzthm

iy
Bl = Ml . r

A

L | e . ol

In close prox1m1ty of . the nucleus &re mul.tweszoular

 bodies. These organelles are membrane bound and conta:m smaller

.\';esicles Infrequently, a darker variation occurs in that the
matrix ‘is ’el‘ectron-densg (Fzgure l?a]. ik

" .

»

Occupymg the surroundmg cytoplasm are humerou‘s 1nd1.v1dual

-

vesicles. _Those found as the cell~ membrane are 1nd1cat1ve of active

'pinocytosiis_. Mi'tochoﬁdria whose transversely oriented crlstqe '

_display typical,. chondrisomal organization are encount_'e,red as well.'

Single and pairall‘el‘ arrays of granular endoplasmic -
i . ;

!

reticulum (ER) constitute another organelle characteristic of

' n o a8 , . " s
leuéocytes ‘within the blood bf I. illecebrosus. Of particular--
O . :

' mterest' are the unusual conﬁguratious whlch tend to. appear

L.
randolnly throughout ,these celLs.' Such purtmns of granu,lar ER

form groups of com:entrlc rings [F1gure 17b] 'I'he area between :

-
.

these membraneous layers (withm a part:.cular arrangement) '15

often large.ﬂ e # : o L P

i & - s S b g e Y AL T ;.

the central regmn are not unconuno/p ofl @y p 8 B . o

e "

| v #
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A mlcrograph 111ustrat1ng the fme structure o_g

leucocytes from the blood of Illex 111ecebrosus.
(4, 833x]
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leucocytes from the blood of Illex 111ecebr05us:'
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The presence of a Golgi complex was verified from ‘ Lk
. electron micrographs as shown by Figure 15. Lastly, lysosome- . S
" like entities may be observed. - At tjmés, one. or two vesicles E B ift
may be contained within-their membranes. - Free ribosomes are - . : : T;
.+ dispersed in the matrix of the ground substance., - i - . .= £
Upon prpééssing, some leucocytes exhibit a high degree - ﬁé
of tontalt with adjacent'leucocytes giving the resultant mass A
" a tissue-like appearance (Figure 15). The entire expanse of - ‘ %
T e & : : i . . e ’ A, ' . ” --fi;_-‘
. their cellhiég membranes is fused and darkly.'stained. L P gg“
. + B : : 'J ) X i ‘ . T e . .. 'I. ¥ I & I:':bs?fl“
It ‘should, be noted that the_.above data, while representative,
is not’ comprehefisive. Small quantities of fresh squid blood and
) ) o - 2 \\ ' L ’ :
difficulties in staining procedures during preparation made this =~ . )
--'r-_.___..-——"' ) . v X 4 ' .
aspect of the research a limited one. D ‘ .
g ) ‘ : o
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ovold in shape and have an average dlameter of 20p 22u in

due to its size and vivid staining properties. ngh resolutlon :

s il L

" DISCUSSION ANP CONCLUSIONS
l" - I. ' -J . ) L | . ‘ :

" .Cellular compqﬁents of the blood within I1lex illecehrosos

. = &
1

possess funotlonal and morphologlcal characterlstlcs 51m11ar to
.‘those decrlbed for leucocytes of related cephalopods (Table 1)

‘Indeed certaln tralts are rem1n1scent of mamma11an organzzotlont

Deflned as. e051noph111c granulocytes these cells are round or

) v
’

] L

etalned preparations. ' The nucleus is a most consp1cuous feature,

s W v

'studies reveal such typ1ca1 structures as a double membrane,

. l 5

.1nterrupted by nuelear pores w1th the outermost un1t sopporting ¥

attached rlbosomes.. Perlpheral concentrat1ons of chromat1n were

f, visible, as well. A.hlghly polymorphlc condltlon ex15t5
. whereby th1§ nucleus may assume one of six dlfferent conf1gurat1ons

.These range from compacted forms through a serles of seemlngly

graded 1ndentatlons to, eventually, the appearance of three or

four lohes.' Each conflguratlon orlglnates from the nuclear face,

- that reg1on which projects. into the Surroundzng cytoplasm The

o .

‘opp051ng nuclear perlphery is relatlvely smooth and rounded as

B i ]

a result of 1ts close assoc1at10n Wlth the cell membrane.

He1denha1n s rule, accepted by most researchers states that

4 Hx

progre551ve condensatlon\of nuolear chromatln and the degree of

»

a

I e N LT L4

B e et
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¥ . ¢ A

lohulatlon 1nd1cate advanC1ng stages in cellular maturlty _ Lo L

\‘." -l " . o ")

.. (Ponder, . 1926 p 221 Ham, 1969 p 367]
) ‘ o I‘ = - .
Accord1ng1y, it 15 qu1te reasonable to submlt that such

a morpholog1cal serles as descrzbed above, deplcts a

maturatzon sequence w1th1n Illex 111ecebrosus. .To ascertain

“thé %alidiﬁy of such a proposa]'and.with the: intent of
estag115h1ng a. class;frcﬁtlon system as a dlrect consequence'
the author collected data through m1crov1deomat analy51s It.
is ;;teregtlng to‘note,.hav1ng compuéed the nuc}egr greas.fof‘:_i ,;“

&

each of.fhé selected nucléaf.stageé (Figure -7), that values. . _
, from the Newfoundland bait. squid do not adhere to the-rule of O

He1denha1n but rather agree con51stently huth results obtalned

from normal human belngs and normal rabb1ts as recorded by

-

" Ponder (1926 p 222) "The nuclear argas are actually 51m113r

throughout these d1fferent nuclear categor1es Dne exceptlon

was stage~51x 1n‘wh1ch only two_examples were c;tedﬁ Their
‘Status was 1nconc1U51ve Thevsecohd aspect'of Heidenhéin's

rule that refers to an 1ncrease in the number of nuclear lobes: . K i
with cell matuTlty appears to;be‘substaqplated from data’ compiled ¢
in Figure éf

The nucleus, in add1t1on to other qrganelles, is suspended

L I L

w1th1n a homogeneous cytoplasm1c matrlx. ~ Electron micrographs
‘ © A ’ ™

reveal the presence‘of'diSpersed ribosomesxwhich oonfi?ms‘the

e

o : o : g ‘ 4 . !

n' ) . . i I . ._ e . . i . " . ; ) . ) - B
basophilic nature of this substance as indicated from stained ' S IT
L ! ©0. 85 ANCICErTC TTORSEIMT .« Lo
‘preparations. - ‘ . g ke o l ;
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: Granular endoplasmm retlculum also contnhutes td the S IR T
cytoplasm s’ aff:r.mty for basm dyes, espemally those portmns LT e ;‘i'

%

of tlus membrane system that form clusters or groupmgs ‘of
‘g

eoncentrlc r;ngs. e

Large, refractlle vacuoles prornlnent at the level of

'y s

- llght mlcroscopy ‘are 1dent1f1ed from- electron m1ct‘ograph5 as

multwesmular bodles. Ev1dence from tlme lapse observatlons

(p- 71) and electron mlcroscopy (Flgure 16) would suggest that I L

. these structures are 1nvolved :m the process of "heterolys1s" " . _ e A
.{ ] E . "' .

'Characterlzed by de Duve and Wattlaux (Friend and Farquhar, : - B

HE)

' 196? p 3?2), thls method of 1ntrace11u1ar transport commences- - C 1

r

'n'lth the absorptmn of fore1gn matter by m\raglnatlons of the
) cell membrane Vesncles thus formed through p1nocytos1s convey
the matter to lysorscmes where d1gest10n occurs Friend and :
".-’Farquhar (196?), Straus (1964 ‘a and b) and l-lam [1969) support
‘the _ahwe outllne of events._ _The regle\rancy pf these, etatements
t‘e—prbces'ses functidni’n'g within the"-l'eucbcftes of I.‘ lllecebrosns .
c*an be seen 1n t.hose tme-lapse sequences wh1ch recm‘ded ,‘I_ L _

i undulatlng mwements along the cell membrane. Such beha\rmr

1s 1nd1cat1ve of pmocytons (Roberts 1974 pf?rsonal cnmmumcatlen)

I . - v,

|
i
i
: o, , T
Mmrographs revealmg the presence of 1nvag1nat10ns and the ) !l : . i
subsequent formatlon of pmocytlc ‘vesicles. along the cell membrane
- confirm the ex:.stence of this’ actw1ty upon morphologmal grouncls
.I I_ ‘
I{ . fl
f &y ’

I
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,With the gccurrence of muitivesiculai*'.bodies, ‘these: blood cells - . T Y
. ‘ : possess all the requ1red machlnery necessary for the operat1on '

of such an 1ntracellu1ar transport mechanlsm.. H1stochem1cal

A L 'tests to corroborate thls morphologmal evldence remam to. be

"

1nvest1gated However havmg estabhshed (1) the leucocyte s

] . ‘.

ab111ty to pinocytize forelgn matter and [2) the presence of

"o

‘multwesmular bodies,. known to be- dlgestwe vacqoles {Frlend
-'_1969 p 269]. the author submlts that a 51m1.lar if not 1dent1ca1 _‘ ; .
5 B / ' > !
mechanlsm may functlon wlthm cellular e-lements from the blood

Coout T of Tlex illecebrosus. ° S :r‘

Of flnal fcons1derat1on are the cyt0plasm1c granules.

_'Convennonally stamed blood sSmears reveal two t' s eos1noph111c

w . 'granulatlons and basoph:.l:.c rods and spheres The fO‘I'I!T T serve '.‘ ¥

as 1nd1cators to the spec1f1c nature of th1s cell tfpe, e.8., .
‘ ,= F "a
eosmophlhc granulocytes Wh11e also occurrmg mthm ‘

5 suprantally stamed preparations and phase coJrast—‘ubservauons, ﬂl - . "
' , these granules were not read11y v151b1e during ultrastruotural

r B 3 | s_tud1e$._ Thalt‘ls to say,‘ those electron—dense‘, crystallne-lﬂe'

| J sti‘ucture"s. which cﬁaraoteri;o the central oortion‘ of‘eosirjo‘philic
gfonulles'._wlthin man, the l‘abois, gt']inea'.li)ig, 'J;-'at,’ cat (Bessis, - . W,
1973, p,blm) or goldfish_ (Andrew, 1965, p. 80) seem'to be

. i vy ’ - . |}
absent. from similar granules within. the squid I. illece

a Instead, such®granules ‘are unif_orml)? electrori-dense.' '

nm R LS. QLR ETRERT VTY U, e YR

A i



ae

fhe.gcneral'sfiuctufe.ano afrangemeotaof:tho hasophiilc
rods}and spheres suggest m1fochondrla, espec1ally when e ‘ L ' t W g
' compared to results obtalned from leucocytcs stalned wlth .’ o i
' Janoo green. Howeoog, th15 cellular component is-. Sald to be’ - }
" 1nv1s1b1e when vlewed wlth llght mlcroscopy alded by recognlzed S
Romanowsk1 sta1ns (Be551s 19?3 p. 35) Electron m1cr0graphs _”" o F e et
do not reveal addltlonal organelles that woald correspond to such ‘

S

granules; o

Cellular movement phagocyt051s and agglut1nat1on, studled
by, means of time- lapse photography, ware shown to’ be 1ntegral

_.oparts' the lcucocytesl behav1oral responses The,spherical

shape these od cells’ exhlblt.whllc C1rcp1at1og.thfoughout'

the vascular syst 'FESVIOSt,or Qeforoed:upon;attachoént,to_a S u}fi'
“substratum. A_prdgerty.knowﬁ as "'spreading” is responsible. for. T DR
this change in appéafance.(ﬂesgis, 19?3, p..307j Cytoplasmlc FLv e L

yells form and produce a clear margin along the res ectlve portlon

'of‘celllperiphery. No organelles were observed '1th1n those- L

Structurés_which’could.eventually‘nge rise. .1ﬁdivldual

pseudopodia and vice ‘versa.. . Movement ppears . to be difect:and

" % “ - g " h' “.‘
. regions. Detachment from a substratum occurs with the ‘quick

N
]




' engulfed the partlcle is then transported to the cell 1nterlor.

. It was unfprtunate thar these.time-lapse observatioge did. not

~ former arrangement 15 temporary, these cells retalnlng thelr - S 1

" or "clumped" although cell membrares along the perlphery of
'thls mass did ‘extend. pseudopodla Disassoc1at10n was not ' 4 0

(observed. Cell aggregatlons of this type were maxnta1ned for

" that thé cellular elements of ‘the blood within I. illecebrosus .

. s ; : p - . Y : : o
evidence was the criterion for classification.. To categorize

’()
¥
L
3

: S S U )
An exam1nat1on of the phagocytlc response, as 1t occurs %f‘ - ‘:'-.

in, vltro d1sclosed at thls phenomenon 1is 1n1t1ated when T S

contact has been establlshed between the forelgn part1cle and

I . o

fthe cell membrane Bess15 (19?31 p. 43) goes.one ‘step further_ o

. oy U & o : N 5 = b8 .
by stating that adherence is involved and that !"if it (adherence)

. does not . occur, the partlcle is repulsed by the phagocyte“

‘ Thls is partlcularly eV1dent from Figure 14 However once -Qé : " C @y

-~

Togl 'li oG : B v %

" - g i Ty . | ; . 5 @ L
_enicompass the process of digestion.. . s . Ta e s & o

- S g 5 Ry
égafsqubetween two or more leucocytes (agglutination) was
¥ . ] 7 ! ] LR

noted to exist as "free'' or "reetricfed“ associétions' The JE - tE o

1nd1v1dual1ty-and the capaczty-for d1sassoc1at10n.' In contrast,

those cells ‘joined in a restrlct1ve manner -were h1gh1y compressed

long intervals’ of time.
J' ‘ ‘:.h - . i . = ) (q‘:'

B s s . o y |

It is concluded from the foregoing:points of discussion 6 )
are of.one fype - eosinophilic granulocytes. Morphological -

i

RN R L T e
el d, T T TG




o can only be answered thrcugh the latter.

‘Organelleﬁ necessary for th? degradathn of 1ngested material .

we- e,

s >
»

a hemocyte solely upon-:its ab111ty to move or,engulf forelgn
matter would\prOVEKEpth 1ncon51stent;and’}/;orrect for the Qéilh

although capable, may not dlsplay 5uch hehavlor at the t1me of

observat1on Instead, these characterxstlcs serve.to elucidate -

its role within the'animal. However, the presence of specific

granules in the cytoplasm1c matrlx does prov1de};pstah1e ‘basis,

for the de51gnat10n of a cell type. In this' case, thgrefore,.'

the questlon of function versus form as a means of c1a551f1cat10n

o

It is concluded that the blood cells flinction. as defensive
agents for thq—éelf-preservatidn of this teuthoid. Their ability
‘to movétby means Of pseudopodia and cy§0pl§smic veils implies a

L S : =

L ' o S ; '
' degree of control'over cellular activitiés - thesé leucocytes are

not exciusive suBordihates of the Eloodstremﬁ; The fact that

Y
£l ] )

they 3ct1Ve1y engage - in phagocyt051s and plnocytoéls supports

L}

th1s thes1s propoundlng a protect1ve role agalnst 1nvaders

&

(by pinocytosis) reinfo:ce the premise, ‘Lastly, tﬁese cells are
' g é

‘capable of agglutinating, a mechanism designed to alleviate the’

crisis following wound infliction. .

i

{

The 1nfbrmat10n comp11ed wzthln thls th351s represents'

‘only the beg;nnlng of a var1ed and 1nterest1ng avenue of reSearch

The author recdmmends phe fbllowlng topxcs for ‘furtheér con51dera;10n:-
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