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Discrimination ofhaemocytes ofAstaclIs lepto{{actyllls (Decapoda : 
C rustllcell) by differential spreading and cytochemical staining 

Abstra ct 

WILLI E. R. XVLI\NDER 1, G ÜNTHER ULLRICII J , L UTZ NEVER1\'IANN 1 
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J-I acmocytcs af<! important compollcnts 01' thc immune sys tem or anhropods. A s imple Illclhod is 
dcscribcd 10 difTerentiale the Ihrec major types of hac1lIocytc s 01' the dccapod cflIstaceans AslacllS 

leplodaclylll .~, thc hya line cc ll s, lhe granular ami scmi-granular Iwcrnocylcs. 1-lacllloc)' tcs are fixcd 
aller allachmcnl 10 a rn icroscopic s tiele in glula raldchydc, rinscd in ethanol ami incubalcd in DOPA or 
do p,un inc, thc SUbSlr:l1C 01' Ihc cnzyme ph\.!nolo.'\idase. DllC 10 Ihcir ditTcrcllI melanin slaining and 
spre<1d ing capab itil ics thc ha\.! lll ocytc Iypcs C:ln casily bc n:eogniscd .md eoul1lcd eomparing Iheir bright 
tidd ami phase con trast microseop ic imag\.!. 

Zusa mme n fass ung 

Differe nzierun g von Hacmozytcn von As/(Icll .... · leptot/actylus (Decapod:l: C r ustacea) 
mittels Sprcitung und Fiirbull g - Hacl1lozytcn sind bedeutende Komponenten des I ll1mun~ 

systems bei Arthropoden . Ei ne e infache Methode zur Differenzie rung de r dre i J-1 aupllypen 
der I-I ac mozyten des decapoden Krebses ASlaCII.\' leplodacryllls , den Hyalinen Zellcn 
sowie den Gran uUiren und Semi ~Granulären Ze ll en, wird beschrieben . Die an eincm 
Objektlräger angeheftc tcn I-I aemozyten werden in Glu taraldehyd fixie rt, mit Ethanol abge
spült lind in DOPA odcr Dopamin inkubiert. Aufgrund der unterschiedl ich intcnsiven 
Melan inbi ldung und Spre itung können die Haemozytentypen durch Vergleich in l-lell feld 
und Phasenkontras t leich t erkannt und gezählt werden. 

I. Illtroduct ion 

Thc hacmocytcs 01' c1ccapod crustaccans comprise Ihrce main types: thc hyaline, the 
scmi -granu lar and the granular cells (13 :\I1C1 I:\11 198 1, I-lOSE CI al. 1990, LI\NZ et <11 . 1993). Thc 
differe nt iation ort llese haelllocylc types has been dinicult alld somc scieillists st ill cons idcr 
it to bc impossible without electron micl'oscopic investigati ons. Hnelllocytcs are responsiblc 
fo r dif'feren t basic imlll une defcnce proccsscs in crustClccans, c.g. produclion and storage 
ofant ibaclcrial subslances (S~IITII & CilR1SJ JOI.~·1 1992, XYI.t\NDEH ct al. 1997), activation 01' 
mclanisat ioll processes (SMITII & SÖDIOIWÄLI. 1986, SÖDEIOIÄLL & S~-IITII 1986 a, b, JOIIi\ NSSON 
& SÖDERIIÄI.I_ 1989), hael110cyti c clot lonnalion, opson isalion 01' forcign mater ial (SÖIJERIIALL 
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1981, 1982), phagocYlosis allel J11ulticeJlu[ar encaps ulations (NEVEIUvlA NN CI aJ. J 996). 
As these imlllune reactions can be ass igncd 10 spccj[ic haclllocylc types, CI rapid method 
für discrilllin3tion 01' haclllocytcs in vitro would bc a valuablc prcrequ isitc far furth er 
invesligalions. We tbcrcforc workce! out a si mpl e mcthod 10 dilTcrclltiatc crus taceall 
hacmocytes in vitra lIsing thci!' diffe rent sprcading anel c)'lochcmical staining capabililies. 

2. M:lt crials and mcthods 

S pcc illlcns 01' thc Turki sh frcshwalcr c raylish AstaClfS lepfodactylus were rcared in 
[arge o:-.:ygenatcd basins al 10 - 13 oe water tempcrature. A ll animals lIsee! in Ihis study 
\Vcre adult with a bady ICllgth of 10 - 13 Clll anel a wc ighl of 70 - 100 g. Specimcns wcrc 
fcd main ly on snails (LYl/lIIaea slaglla/is anel Plallorbarills COl'llells) , lish, l11inccd I11cat 
and earthwOl'ms, but also cooked potatoes and noodles were catcn. 

HaelllolYlllph ( I - 1.5 1111 per spec illlcn) was obtaincd from the per icardial sinus by ster il e 
dorsal puncturc with a strong hypodennic ncedle (I 111m in diamcte r). Haemolymph was 
illll11ediately mixed in the sy ri ngc with the same amount ofcrayfish-buffered saline accQJ'ding 
10 SÖDEJOI ALL cl a\. ( 1979), phosphate-buffered sal ine (PBS: 137 mM NaC I, 2.7mM KCI, 
6.5 111M Na2 1-IPO~ , 1.5 111M K 2 PO~) 01' Clnhropod artificial haclllolymph aecoreli ng to \VENNING 
(1989) with Ol' without dirrerent ailloun ts of' EDTA to inhibit haclllol ym ph clotting and 
hael110cyte elis integration (sec below). After punctllre thc specimcns werc kept in plastic 
box es lillcel with watcr that diel not rcach thc dorsal carapace to avoiel infcctions through 
Ihe woune!. Thc wound rrom which the hacll10lymph poured Ollt aHer punclure was rapielly 
closeel wi!h hot wax; specimcns remClineei in the box far about I h anel then were PU! back 
into thc basin. All anima ls trca teel Ihis way survi vcd the cxpcrilllcnt. 

HaclllolYlllph di luted in bulTer was carcfully droppcel on clean lllicroscopie s lides and 
hacmocytes wcre allowed 10 spread (adherc 10 thc glass s liele, nauen allel build psclldo
poclia) for 10 - 15 min at 1'00111 tempcraturc in a moist chambcr. Then they werc fixcd in 
2.5 % gllllamidehyde in aq. des!. for 10- 15 min al room Icmperatllre anel Ihe fixati ve was 
subseq uenlly rCll10vcd by rinsing with CFS. Hacmocytes werc investigated with a Lcitz 
Orthoplan lIs ing brighl !leid (ßFM) 01' phase contrast microscopy (PCM). 

For Gicmsa- (I : 20 aqllcous so lu tion) anel May·GrÜnwald- (I I aqueous sol uli on) 
staining fixed haemocytcs werc covcrcd wilh thc staining sol utions for 10 - 15 111111. Thc 
slieles wcre then rinsed with PßS. Thc test on inlrace llular phcnoloxidasc-activity was 
made as described by XYLI\ NDER & NEVEIU\'1i\NN (1993): thc PO in fixcd haemoeytes was 
activatcd in 30 % ethanol for 15 Illin and melani sation was cnhanccd by subscqucl1t 
incubation of' hacmocyles with L-dopa 01' elopaminc. 

Abbrcvialions 

ßFM ßright field microscopy MG May-Grünwald 

CFS Crayfish sal ine according p Prcsul11pti ve prohaemocyte 
10 SÖDERItÄl.L el 01. (1979) PßS Phosphat e-burrcree! sa line 

G Granular haclllocytc PCM Phase contras! Illicroseopy 
GI Giclllsa PO Phenoloxi dase 
1-1 Hya line ce lls S SCl11i ·granular cel ls 
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3. Rcsu lts 

Adj usting thc bufTer system ror haemocyte diffe renti ati on 

Us ing the origi na l cray lish sa line (C FS) by SÖDUOli\u . c\ al. ( 1979) the granula r and 
se l11i .granular hae l11 0cytes spread in vitro whcrcas the hya line ccHs com plc tely di si ntcgrate, 
Icav ing noth ing but nakcd Iluc lei. Si milar rcsult s h<lvc <llso been f'ound lI si ng PB S and 
ani lie i .. 1 anhropo el hac ll1 0 lymph according 10 W ENNING (1989) . Wi th these bulTers no 
d increntintion 01' hael110cy tes by staining is possib[e. A l'ou rth ce ll ty pe (scc Fig. I) was 
l'o und Il onnall y making up less than 0.5 % of the total haelllocyte count s; il is considercel 
to be a prohaemocylC but wi[1 not bc Ircatcd he rc in detail. 

Us ing C FS contai ning 20 111M EDTA Ca2·· ions are cOlllp lexed ami the hY<l li ne ce ll s 110 

longer d is inlcgra lc (Figs 1. 4 & 5). In th is solut ion a ll types of haelllocy tes show about thc 
same degree orsprcading, leading to a ty piea l sp inelle shape (Figs. 1,2 , 4 & 5). By Oallcning 
in a characte ri sti c way, thcy ex hi bit thc il' difTere l11 s izes a nel a lso the vo lllllle 01' nudei aJ1(1 
graml beeolllcs c lead y vis ible ( Figs 4 & 6). Howevcr, high concent ra tion or Ca 2' (0.3 M) 
a lso leads to stab ilisa tion 01' hyali ne haemocytes; then all hacmocyte types show strong 
sprcading and fonnatioll 0 1" numcrous fill e pscudopodia (Fig. 3) . 

S izes and spread illg chmactcr isties 0 1' hael110cy tes 

Hya line cell s are the smal lcst hac l110ey les (Figs 4 & 5) with a diametc r or 15 p m in buffe r 
with Ca2' a llel a leng th 0 1' 30 ~1111 in C FS-EDTA; they eonta in lew 5 111:111 or evcn no grana 
(F igs 4 & 6). Scmi-granula r and granular eells both have about the same sizc in vivo (about 
22 pm in di ameter) and aft c r spread illg in C FS-EDTA ( Iength of thc s p inel le : 45 !.on; 
Figs 4 - 7). The scmi-g ranul ar cc ll s have smal l gran<! (,lbo UI thc sizc o r lhosc o rlhe hyaline 
cell s) ami spread intens ive ly in C FS without EDTA (not showl1). 

In granu lar ce ll s the spi nd le shape is less elabora tcd, most possibty d uc to thc hi gh 
number 01' la rge ovoid g rana (2.2 - 4.2 ~11l1 in diametc r). w hich may complicalc spreading 
( Figs 4 & 5). Us ing thc spreading charac lcr islies in C FS-EDTA, difl'crelll ia tion of hacmocytc 
types a lld di ffe rentia l haemoeyte eO ll nling is ralhe r easy ami rast. 

Cytochemi cal stain ing 

A ft e r Mai-Grün wa ld-sta in ing the nuclc i appc.u· blue-grey ami the plasma light grey in 
PC M. Grana sta in violet in granular hacmoeytes anel light blue in semi ·granula r anel hya line 
haemocytcs (Figs I & 5). Us ing BFM. allnuclei are modera tely grey 3ml plasma lig ht grey 
(Fig.4). G ran<l appear bllrg undy in gran ula r ami browni sh·v iolet in scmi-g ranu lar and 
hya line hae ll10cy tcs (Fig. 4). 

Aftc r Gicmsa staining nudei are vio lct in a ll haemocytes in BFM ( Fig. 6). In granular 
hacmocytes thc eytoplaslll sw ins ligh t blue. whereas the cYlOplas l11 01' thc o thcr ee ll s is 
violet. G rana are vio let-bluc in granular ee ll s and light blue in thc other ty pcs. In pe M 
plasma is vio le l in hya linc ami scm i·granlilar ce ll s but light blue in granul ar ee ll s (Fi g. 2); 
nuc1e i arc elceply purpie ( Fig. 2) . 

A rtc r PO acti vali on by e thanol ami L·dopa or dopallline incuba ti on hig h PO acti vity 
(stro ng Illclan isa ti on) can bc l'ound in thc gran ular ce ll s (F ig. 10) and moderate act ivity in 
the scmi· granula r ee ll s (Fig. 11): since hyal ine haclllocytes lack thi s enzyme. they show 
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110 mclani sation (Fig. 12). Thi s is casily visib le by switching thc microscopc frol11 PC M to 

BFM: in ß FM only thc melanisccl granular anel semi-granular ce ll s are elearly visible, thc 
raint hya line ce ll s are harel!y visi ble (Figs 8 & 9). 

Differe nti a l haclllocy tc counts 

Hya line hac lll ocy tcs a re thc 1110S1 freq ue nt haclllocytcs in AstaclIs leplodaclylus 
compri sing 53.8 10 69.5 % of all hac lllocy tcs. Scmi-granuJm' hacl110cytes ll1ake up abati! 
24.6 (Q 29 %, whercas the granular haclllocytcs comprise only 11 .5 10 17.5 %. 

4. DisCllss ion 

In thc litera ture three ma in types cf haemoc)'lcs are dcs c ribed für crus taccans 
(cf. B AUCIIAU 198 1, I-I OSE cl a1. 1990, Li\ NZ CL al. 1993). On ly fcw sc icnt ists I11cntioncd 
fu rther haclllocytc types (e. g. RAV INDI(A NATH 1974). ThllS, the hacl11 oeytes, at least of the 
decapod crustaceans on whi eh the investigatiolls have been mainly dOlle, do not show 
that hcterogeneity desc ribcd for inseets and myriapods, where orten li ve 10 s ix haemocyte 
types can be di stingui shed in a single specics (JONES 1962, PRI CE & RATCLI FFE 1974 , RO WLEV 
& RATCUFFE 1981 , NI~VERMANN ct al. 1991 , XVLAN DER 1992). However, onc has 10 take into 
aeeount that thc majority 01' illvcstiga tions on erus taeean haclllatograms have been made 
on aduh stages in whieh hacllloeytes may havc clmnged showing few ))Inore differel1tia ted« 
types. Larva l stages and thei r d ifferential hacmocyte counts wh ieh probably comprisc 
more hacmocytc types have not yet bee il illvcstigated intensivc ly. Furthermore, there is a 
need for comparat ivc studics on haclllocytes of non-dccapod crustaecans. 

Hyaline ce lls genera ll y are dcscr ibcd 10 be the smallest hacmocytes of crus taceans with 
a largc nucleus-plasll1a rat io fo ll owcd by the semi-granu lar and the granular ce lls (B AUC IIJ\ U 
198 1, HOSE et a!. 1990, L \NZ CI al. 1993). Thi s eoincides with our resulls. 

The function of thc hacl110cytes is nOI eomplclcly knowl1 but granular and sem i-granular 
haemoeytcs eontain several componcllIs of the phcllo lox idasc system whieh are diseha rged 
a rt er infect ions ami may lead to the dCSlfUction of Ihc pathogen (JOIIANssON & SÖDERIIALL 
1985, 1989). FUrihermorc, XYl.ANDER et <11. ( 1997) showcd that hae l11 0eytes are also invol ved 
in thc production anel storagc 0 1' at lenst two d ifferent alll ibactcr ial substances. Hya line 
hacllloeylcs have becn shown 10 be aClivc in phagocytosis (I3AIJCIIAU 1981, JOIIANSSON & 
SÖDEH IIÄI.I. 1989), but Ihis also has been reported from thc olher two main cell types (I-lOSE 
& MAItTI N 1989, I-lOSE ct al. 1990, BARJ\CCO et al. 199 1). Their capabil ity orrapid d is integration 
and coagu latiol1 or Ihcir plasma, howcvcr, inelicate that they are involvcd in IWO difTcrent 
mcchani sms of immune dcfcnce: nodu le forma tion and wound closurc. 

As haeI110cytes obviously are one of thc most important parts of internal dcfcllce in 
crustaceans, thei r rapid alld easy differentiation is a va luablc 1001 for fllrthcr invesligations. 
The methods dCll10ll stratcd ll1ay help to discriminCltc the hacmocytcs in crustaceans rro l11 
other taxa also. 
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Platc I 

All fi gures show hacIllocY1CS ofAs/aclIs leptodacl.1'llt.\· in CFS wit h 20mM EDTA ifnot olhcrwisc 
ind icalcd 

I:ig. I r CM overv icw 01' MG sta ined hacmocytcs sllOw ing hyal ine, sern i- granular an<! granular 
hacrn ocytes ami one 01' thc very rare prohacrnoc)'tcs. Scale bar: 20 ~tm 

Fig.2 PCM ofG I-sla ill cd haclllocytcs. Scalc bar: 15 pm 

Fig.3 r CM of G I-sta incd hat.:mocYlcs incubatcd in CFS conwining 0.3 l\ I Ca:' Scalc bar: 15 ~m 
Fig. -l BFM of ;vIG-staincd hat.:l11ocytt.:s. Scalc bar: 25 pm 

Fig.5 Same seetor as Fig. 4 in !lCM. Seale bar: 25 1"11 
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Plate 2 

All figurcs show hacl1locYlcs of"Asf(//; // s lep/ru/m: lyllls in C'FS wilh 20mM EDTA ifnol 01 111.:1'''' 15(' 

indicatcd 

Fig.6 I3FM 01' diflcrcllI Gl · staincd hacmocytcs (faint slaining). Sca lc bn r: 20 pm 

Fig.7 Same see lor i1S Fig. 6 in PO,,!. Scak bar: 20 pm 

Fig.8 ßFM 01' PO-activatcd und L-dopa incubatcd hacrnoc)'tl.!s. Scale bar:20 11m 

Fig. 9 Same 51.:c 10 1' as Fig. 8 in PO,,\. Scalc bar: 20 pm 

Fig. 10 PO-acl ivillcd granu lar haC1110\;YII: ancr dopami nc im:ubation ( ßFM ). Sca lc bar: 25 ~tl1l 

Fig. 11 PO-act ivatcd sc rni -granular hal.:llIocYlc after dopaminc im:uba tion (ß FM ). Seah: bar: 25 ,Im 

Fig. 12 lI ya line haclllocylc <!fler corrcsponding treatment as Figs 10 & 11 showing no rO-aclivity 
(BH'I). Scall' bar: 25 pm 
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