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Abstract

Bivalve hemocyte competence has been measured hytifgury functional characteristics, including réiae oxygen

intermediate (ROI) production after activation witymosan or phorbol myristate acetate (PMA). Howeuatreated oyster
hemocytes also produce ROI and RNI (reactive nitragesrmediates) after bleeding even if not stinedaby zymosan or
PMA. Extensive investigation of this parameter owf cytometry showed that, in vitro, ROI/RNI prodwetiby untreated
hemocytes maintained in seawater appeared to lepéndent of both bacterial burden in the serumramdself particle
phagocytosis. ROI/ RNI production in granulocytes Wiagher than in hyalinocytes and could be inteadifivhen activated
by zymosan but not by PMA. Both cell types used NABdXidase- and NO-synthase-like pathways to prodhese

molecules; the NO-synthase pathway seemed rehatimete dominant in hyalinocytes and NADPH-oxidappesared more
effective in granulocytes. These results provide mesights for interpreting the modulation of ROI/RNtoduction by

untreated hemocytes shown by other studies, rel&ienvironmental conditions or physiological ssabf the oysters.

Keywords: Crassostrea gigas, Hemocytes; Reactive oxygen intermediate (ROlpd®ge nitrogen intermediate (RNI); Flow cytometry;
NADPHoxidase; NO-synthase

1. Introduction

Reactive oxygen intermediate (ROI) production byabie hemocytes after stimulation by non-self
particles is involved in internal defense resporsekivalves Cheng, 1996, 2000; Chu, 200®roduction of
ROI, after activation by phorbol myristate acet@®@MA) (Nakayama and Maruyama, 1998; Arumugam et al.,
2000a; Takahashi and Mori, 2000; Goedken and Dee3@004, or during phagocytosis of zymosan particles
(Bachére et al., 1991; Le Gall et al., 1991; Branaivid Anderson, 1998; Lambert and Nicolas, 1998;Hetret
al., 200), has been used frequently to estimate defens@eatmce of bivalve hemocytes. Involvement of an
NADPH-oxidase pathway in the production of ROI, stgxide anion and #D2by bivalve hemocytes has been
shown (oél et al., 1993; Torreilles et al., 1996; Winsg&tnal., 1996; Arumugam et al., 2000b; TakahasHi an
Mori, 2000. Likewise, a nitric oxide (NO) synthase pathwapding to nitric oxide and peroxynitrite (RNI)
synthesis has been suggestédifnugam et al., 2000b; Gourdon et al., 2001; Tibeseand Romestand, 2001
Various methods have been employed to detect R@luygtion in hemocytes after activation by zymosan o
PMA, either by using anti-aggregant solutions, sastModified Alsevier Solution (MASB@chere et al., 1991,
Le Gall et al., 1991; Lambert and Nicolas, 1998mbeart et al., 2001or buffers containing glucos®&iamble
and Anderson, 1997, 1998; Takahashi and Mori, p0f@h known as inhibitors of hemocyte ROI prodtuet
(Torreilles et al., 1999 Several studies have described such ROI pramudti bivalve hemocytes without
additional stimulation: similar levels of superogicanion production (measured by NBT reduction) were
observed irCrassotrea virginica hemocytes challenged with yeast and in non-chgdldrhemocytesH{sher et
al., 1996. Similar observations were done @nassostrea gigas hemocytes by using a flow-cytometric (FCM)
method based upon the intracellular oxidation §'-Bichlorofluorescin (DCFH) into green-fluorescent
dichlorofluorescein (DCF) to measure productionR®I/RNI by the two main hemocyte sub-populations in
oysters: granulocytes and hyalinocytear(bert et al., 2003 Indeed, this study showed not only that ROI/RNI
production can be measured in hemocytes simplytaiaigd in filtered sterile seawater (FSSW) afterebling,
but also that this production is higher in granytes than in hyalinocytes. Indeed, knowledge of gpecific
role and respective contribution of the two man gigas hemocyte subpopulations granulocytes and
hyalinocytes- in the synthesis of ROI/RNI, however, is very searc

Thus, several basic questions regarding ROI/RNdpction by oyster hemocytes remained unanswered,;
two are addressed by the present study: 1) Whatherecauses of ROI and RNI production in untreated
hemocytes, i.e. without additional activation? &)dAre the pathways involved in ROI/RNI productioy
untreated granulocytes and hyalinocytes similadavRt¢ytometry (FCM), coupled with DCFH oxidation, sva
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applied to test effects of various modulators aR©OI/RNI production by the two maff gigas hemocyte sub-
populations (granulocytes and hyalinocytes) maie@diin seawater after bleeding.

2. Materials and methods
2.1. ROI/RNI production assays
2.1.1. Animals

Adult oysters (ca. 2 years old) from Brittany (Feajwere transported to the laboratory at the IUEM
(Institut Universitaire Européen de laMer, Brittangfter arrival, animals were acclimated for sade24 h in a
flow-through seawater system at-I3 °C temperature, 335 salinity, and then maintained in these condition
for a maximum of one week before hemolymph extoscti

2.1.2. Hemolymph collection

Hemolymph was withdrawn from the adductor musci®ufh a notch previously ground in the shell
using a 1- or 2-mL plastic syringe fitted with a-@&uge needle. Hemolymph from each oyster wasfeard
into an individual micro-tube held on ice. Indivadthemolymph samples were examined under the nuiopes
to eliminate samples with contaminating partics;h as gametes or tissue debris. Hemolymph frdeaat 5
animals was mixed to constitute each pool. Foulgpfsom at least 20 oysters were made for eachrarpet,
except as mentioned. Then, hemolymph was filteredugh a 8Qtm mesh before FCM analysis to avoid
clogging of the flow cytometer by un-detected dgbri

2.1.3. Reactive oxygen and nitrogen intermediat@I|(RNI) production

The method for measuring ROI/RNI production waspaeié from a previous reportdmbert et al.,
2003. Briefly, sub-samples of hemolymph from eachha four pools were distributed into 5-mL polystygen
tubes (Falcon®, BD Biosciences, San Jose, CA, U®A)J maintained on ice. A solution of72
dichlorofluorescin diacetate (DCFH-DA, Sigma) wasled to yield a final concentration of ji.

Flow-cytometric measurement, using a BD BioScienE@&CSCalibur flow cytometer, with 0.2m
filtered PBS azide as sheath fluid (NaCl 0.14 M,2RBsanhydrous 10 mM, N&lPOsanhydrous 56.8 mM, di-
sodium EDTA 3.4 mM, Nad1.54 mM), was then performed at t=0, 60, 120 an@® hdn. Between
measurements, the tubes were maintained at roopetature (2022 °C). Flow-cytometric measures of DCF
green fluorescence, related quantitatively to heie&®OI/RNI production, at each incubation time &ach
hemocyte sub-population (small agranulocytes, hgaltes and granulocytes), were recorded on the FL1
detector (500 530 nm, yellow-green fluorescence) and expressedrhigrary units (method described in
Lambert et al., 2003 DCFH is oxidized to fluorescent DCF by ROls,luting HOz (Bass et al., 1983and
superoxide anion but also nitric oxide (NQJap et al., 1992; Curtin et al., 20020 simplify presentation,
except if noted, only results for hyalinocytes gmnanulocytes obtained after 120 min of incubaticn@esented.
2.1.4. Toxicity The potential toxicity of solvents modulators used was tested by evaluating heraoggbility
in an antiaggregant solution (AASH) developed foalve hemocytesAuffret and Oubella, 1994at a 1/1 vol/
vol dilution with hemolymph after 180 min incubatiat room temperature. Viability &. gigas hemocytes was
evaluated by FCM, using a double staining proced@¥BR® Green and propidium iodide, PI, Sigma). ARS
was used to reduce the aggregation of cells whachlead to an over-estimation of the number of dedld, as
aggregates containing at least one dead cell éitiest) surrounded by numerous viable cells werentealas
“dead. AASH has been shown to have no effect@rgigas hemocyte viability (data not shown). Results are
presented as percentages of dead hemocytes affemir8 incubation with appropriate concentrations of
modulator (Cf.Table t IAA, NMMA, DPI, PMA) and compared to seawater tmfs. 2.1.5. ROI/RNI
production by untreated hemocytes The level of R@I/production in untreated granulocytes and hystites
was compared after 120 min incubation at room teatpee in FSSW, from 5 separate experiments.

2.1.6. Bacterial burden

To explore the possible effect of bacteria presettie hemolymph on the observed ROI/RNI production
in hemocytes when maintained in seawater, the lplesselationship between bacterial burden in seand
hemocyte ROI/RNI production, after 120 min of inatibn in seawater, was explored. Twenty oystereaérd
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individually, and a tetrazolium dye reduction asseas applied to serum (after hemocytes were remdwyed
centrifugation), to estimate bacterial cell concatidn. The assay used was modified from previoeshods
(Volety et al., 1990 Results are expressed in units of optical derait492 nm, which detects the enzymatic
reduction of the tetrazolium dye by living bacténizlls, providing an estimate of the concentratainlive
bacteria. In parallel, granulocyte and hyalinodgt@l/RNI production was evaluated as described alboxdor
individual oysters rather than hemolymph pools.

2.1.7. Total hemocyte counts

Hemocyte concentrations in pools were evaluateddjost the ratios of hemocytes/zymosan particles
when needed. One 1Q@- sub-sample from each pool was fixed by addingranélin solution of 4% in FSSW.
After 30 min incubation at room temperature {222 °C) with the SYBR® Green (10x final concentrash
samples were then analyzed on the flow cytometedesity plot visualization of side scatter (SSG) FL1
permitted differentiation and gating of hemocytasired by SYBR® Green from other particles in the
hemolymph. The flow rate of the cytometer was messior each experiment as described previoldbyrig et
al., 1999: briefly, a tube containing distilled water wasighed before and after a 10-min flow cytometertaun
determine the volume analyzed over a known timgLirmin- 1; this value was used to calculate the hemocyte
concentration in cells mia.

2.1.8. Hemocyte response to modulators

Granulocyte and hyalinocyte ROI/RNI production wagasured after 120 min incubation with the
modulators (activators or inhibitors) presentedTable 1and also with the addition of both zymosan and
cytochalasin B.

2.1.9. Statistical analysis

Significant differences between conditions durirzghe assay were tested, using the STATGRAPHICS
Plus 5.1 software, by ANOVA, or the Kruskallallis test in cases wherein variance was not nbriae
method used to discriminate differences betweennmeaas Fisher's least significant difference (LSD)
procedure. Differences were considered significinp<0.05. Possible relationships between bacterial dnurd
and ROI/RNI production in granulocytes or in hyaligtes were tested with the STATGRAPHICS Plus 5.1
software by calculating thezRalue for linear and polynomial regression funcsioelating these two variables.

Table 1

List and concentration of modulators tested on ROLRENI production by untreated C grigas hemocytes

Modulator Chemicals Final concentration Activity Ref,

Activalor  Zymosan 20 particles hemocyte” ' Hemocyte phagoecyiesis, ROIENI production 1,2, 3.4, 5,6
Phorbol mynistate acetate (PMA) 1 and 10 pg mL™! Activation of the NADPH-oxidase complex 7.8

Inhibitor Diphenyiene iodonmm chloride (DPI) 3 and 50 pM NADPH-oxidase and NO-synthase inhibitor 9,10, 11
ledoacetamide acetate salt (LAA) 1 and 10 mM NADPH-oxidase imhibitor 12
NG MonoMethyl-1-Arginine monoacetate 50 and 500 pM NO-synthase mhibitor 13
(NMMA}
Cytochalasin B 10 pg mL™! Pha gocytosis inhibitor 1,2

1: Bachére et al, (1991); 2: Le Gall et al. ( 1991); 3: Bramble and Anderson ( 1998): 4: Lambert and Nicolas (1998); 5: Lambert etal (2001 );
6: Lambert et al. (2003); 7: Torreilles et al. (1996), & Li et al. (2000); 9: Bramble and Anderson (1997); 10: Torreilles and Romestand
(2001) 11: Li et al. (2003); 12: Pipe (1992); 13: Arumugam et al (2000a).
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Fig. 1. Comparison of the mean level of ROIRNI production expressed as DCF fluorescence (FL1 value, in arbitrary unit AU, n=19+5E) in

gigas pranulocytes and hyalinocytes at different incubation times (60, 120, 180 min) in FSSW at ambient temperature (Mean comparison: ANOVA
NS: no significant differences, **significant differences at p<0.01, ***p-<0.001).

3. Results
3.1. ROI/RNI production assays
3.1.1. Toxicity

Across all assays, mean percent mortality of hetescyaintained for 180 min in FSSW ranged from 1.8
to 7.2%. No significant differences were obsenadhiemocytes exposed to the following treatmerts: 1 and
10 mM, NMMA 50 and 50@M, DPI 5 and 5uM, PMA 1 and 10ug mL- 1, supporting the conclusion that
these chemicals did not affect hemocyte viabilitder these conditions.
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Fig, 2, Individual level of ROVRENI production, expressed as DCF fluorescence (FL1 value, in arbitrary unit AU}, by unireated granulocytes and
hyalinocytes from twenty mdividual C prgas after 120 min ncubation ot ambient temperamee in FSSW, related to the bacterial burden in serum
evaluated by tetrazo fum dye reduction assay (ODyes o).
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3.1.2. ROI/RNI production in untreated hemocytes

As shown inFig. 1, from 60 to 180 min, increases in intracellularoflescence indicated production of
ROI/ RNI. The maximal increase in ROI/RNI (slopeasvfound during the first 60 min, but the increase
continued during the second time period. Hyalinesyghowed a significantly lower ROI/RNI productidnan
granulocytes for all incubation times in FSSW (AN®\p<0.05).

Tahle 2

Mean ROLRENI (resctive oxygen/nilrogen intermedintes) production
(DCF fluorescence, FLI1 value, in arbitary unit, n=4, except for
zymosan assay n=19, tstandard eror, SE) of O piras hemocytes
(granulocytes and hyalinocytes) afier 120 min incubation in filtered,
sierile seawater (untreated hemocyies conirol) or with vanous

el ulators
Ciranubpovies Hyalinocvies
(mean+ SE} {mean +5E)
Control {untreated) 19015k 10013
+ Zymosan 2754254 106+11
Contio] (unteeated) 21028 10711
FPMA 1 pgmL™! 167414 B3+10
FPMA 10 pg mi™ 135132 R
Contml (untreated) 2Ta+351 l65£40
FDPIS pM 105+ 19#*W 467V
+DPL 50 uhd 491w 2G4 5%
Contml {untreated) 16228 82431
FLAA 1 mM SI+11* 19+12
FLAA 10 mM 47 £15%* 3613
Control (untreated) 227421 1258
FNMMA 30 uM 190£25 0 1:£10%"
FNMMA 500 pM 193420 Ba4p*h

The table combines resultsobtained fom different expenments (*: indicate
sipnificant difference with the approprate control, ANOVA (A) or
Koruskall-Wallis (KW), p<0.05)

FESW: filtered sterile sexwater

Zymosan: 20 particles hemocyte %
PMA: phorbol myvristate acetate,
OP1: diphenviene iodomium chloride,

NMMA: NG MonoMethyl-L-Argining monoacetate,
IAA; indoacetamide ncetate salt.

3.1.3. Bacterial burden

Bacteria were found at various concentrations idividual oyster serum pools, as indicated by
tetrazolium dye reduction assay, from 0.01 to QuBE ODu92 nm(Fig. 2). The R values for all regression
functions tested relating hyalinocyte or granulecyROI/RNI production and serum bacterial burdenewer
consistently smaller than 0.1 (p=0.71 to 0.98).

3.1.4. Hemocyte response to activators
3.1.4.1. Zymosan.

ROI/RNI production, measured in both granulocyted hyalinocytes during phagocytosis of zymosan
particles, is presented ifable 2 It is clear that granulocytes were stimulategtoduce extra ROI/ RNI when
challenged with zymosan, as compared to the leldimed with untreated granulocytes (ANOVAsQp01,
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n=19). By contrast, no significant zymosaninduceatification in ROI/RNI production by hyalinocytesas
observed.

3.1.4.2. PMA.

Addition of PMA at 1pug mL- 1 did not modify the ROI/RNI production of either grdocytes or
hyalinocytes, as compared to the level observathtreated hemocyte3 ¢ble 3. However, when added at 10
ug mL-1, PMA significantly reduced ROI/RNI production ifi hemocyte types.

3.1.5. Hemocyte response to inhibitors
3.1.5.1. DPI.

ROI/RNI production was 62% and 72% lower with DPbaiM and 82% and 84% lower with DPI at 50
uM, for granulocytes and hyalinocytes, respectivebmpared to hemocytes without DFFgple 3.

3.1.5.2. 1AA.

For hyalinocytes, no significant differences weleserved in ROI/RNI production with or without 1AA
(Table 2, regardless of dose (1 or 10 mM final concerargti However, production of ROI/RNI by
granulocytes was significantly lowered after 12 rimcubation in IAA, decreasing 70%, with both 1Ases
(12 and 10 mM).

3.1.5.3. NMMA.

For hyalinocytes, production of ROI/ RNI was sigrahtly lower in the presence of NMMA (50 and 500
uM: ANOVA, pb0.05), decreasing 27% and 33%, respectively condp@rdiyalinocytes without NMMA. For
granulocytes, the addition of NMMA did not cause aignificant modification of ROI/RNI productiorT &ble
2).

3.1.5.4. Cyt B.

In the presence of cytochalasin B atyfPmL- 1, no significant modification of ROI/RNI productiomas
observed for granulocytes, compared to granulooytdsut cyt B ig. 3. The same result was obtained with
hyalinocytes.

3.1.5.5. Zymosan+cyt B.

Addition of zymosan, as shown previously, increasieel ROI/RNI production in granulocytes, but
combined with cyt B, ROI/RNI production was redudedhe level observed in the contrélid. 3. The same
result was obtained with hyalinocytes.

410

360

310 a

260

210

160

110

DCF fluorescence (FL1 value in A.U.)

60
control +cytB +Zym +cyt B + zym

Fig. 3. Comparison of the mean level of ROVRNI production expressed as DCF fluorescence (FL1 value, m arbitrary umt AL, n=4+ 5E) in
gigas granulocytes ot 120 min ncubation at ambient temperanire in FSSW (control ) or after addition of cytochalasin B (+eyt B: 10 pg ml " final
concentration), zymosan (+zyvm: 20 particles ||L"|nﬁ-c“'\.[u_| ) or both chemicals (+oyt B +aym) (letters indicate significant differences hetween
conditions, ANOVA, p<0.05).
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4. Discussion

Recent observationsdmbert et al., 2003evealed that oyster hemocytes produce ROI/Ridnevhen
simply maintained in sterile seawater after blegdind also that granulocytes produce more ROI/Rish
hyalinocytes. These observations prompted two bgsiestions regarding ROI/RNI production by oyster
hemocytes: 1)What are the causes of ROl and RNdyat@mn in untreated hemocytes, i.e. without addai
activation? and 2) Are the pathways involved in BRDII production by granulocytes and hyalinocytemsikir?
The present study aimed to answer these questions.

Concerning the first question, the initial indicatiof the causes of ROl and RNI production in wattd
hemocyteswas obtained by usingDPI, a strong irdnilof both NADPH-oxidase and NO-synthase pathways.
Approximately 80 to 85% of the fluorescence meas$wa untreatedC. gigas hemocyteswas attributable to
ROI/RNI produced by enzymatic systems usually dbsdrduring theé'respiratory burétphenomenon. The 15
to 20% remaining is thought to correspond to a m@brmonstitutive physiological production of oxidan
molecules. Cell metabolism, particularly within aghondria, is known to produce RRqderoso et al., 1996;
Valdez et al., 2000; Marchetti et al., 2002; Cader2D04, and it is likely that these ROls associated with
normal mitochondrialmetabolism could oxidize theragellularDCFH into fluorescent DCF. For the main
portion of the fluorescence measured, several Ingsels can be proposed. First, the presence ofrivatte
oyster hemolymph could stimulate hemocyte ROI/RKbdpiction following phagocytosis of these non-self
particles. Indeed, bacteria can be present in hanpit, even in healthy marine invertebrat8gémore et al.,
1975; Tubiash et al., 19Y,5and especially in oyster®lafsen et al., 1992; Garnier et al., 2D(However, in the
present study, no relationship was found betweeastebial burden in the serum and ROI/RNI production.
Moreover, cytochalasin B did not modify the ROI/RNfoduction in untreated hemocytes, while it did
significantly reduce the extra ROI/RNI induced Hapgocytosis of zymosan. Cytochalasin B is knowimkibit
actin polymerization implicated in phagocytosid{in et al., 1988. These two results suggest that the ROI/RNI
production by untreate@. gigas hemocyteswas not directly or simply linked to phagosis of bacteria and/or
other non-self material in the hemolymph.

A second hypothesis to explain the ROI/RNI productof untreated hemocytes considers the possible
stimulation of the hemocyte membrane following eattof cells with non-self materials used in exmpemtal
protocols (e.g., needle, syringe, plastic tubes),ohserved for hemocytes of mussefspé, 1992 and
hypothesized for crustacean hemocytachere et al., 1995;Moss and Allam, 2D08owever, recent studies
have shown that ROI/RNI production by untreated deytes from marine invertebrates can also be mostlila
by various environmental factors experienced by #inémals before hemolymph sampling, such as food
availability or quality inC. gigas (Delaporte et al., 20063,bin vitro and in vivo infection byVibrio
aestuarianus in C. gigas (Labreuche et al., 20063,lor level of dissolved oxygen in rearing siteslabster
Homarus americanudlpss and Allam, 2006 In-depth comprehension of such a modulatiotilises an early
stage, but it seems prudent to include ROI/RNI potidn by untreated hemocytes as a possible irafiaait
oyster fitness.

Addressing question 2, we also aimed to furtheremstand the specific roles of hyalinocytes and
granulocytes in ROI/RNI production when untreatésl.a first result, confirming previous studige{aporte et
al., 2003; Lambert et al., 2003PMA did not show any capacity to modify ROI/RNtoduction in either
untreatedC. gigas hemocyte type, granulocytes or hyalinocytes. Howeyenulocytes, were shown to produce
appreciably higher (approximately twice) levelsSR®I/RNI than hyalinocytes. When activated by phagosis
of zymosan particles, only granulocytes were ableptoduce extra ROI/RNI, at least in a systemdtical
significant manner. These two results could indi¢aat the two mai€. gigas hemocyte subpopulations possess
different capabilities for ROI/RNI response. In t@me manner, differences were also observ€l virginica:
ROI/RNI production in granulocytes and intermediatdls can be activated (PMA), but hyalinocytesnmn
(Goedken and De Guise, 200€onsequently, the proportions as well as theceptrations of hemocyte sub-
populations may be considered of major importanaavaluate the functional capacity of hemocytes.

We also tested specific ROI/RNI inhibitors to bett@derstand the respective roles of each pathway i
the ROI/RNI synthesis of the two hemocyte typesntGoy to DPI findings, the two inhibitors testeddh
different effects on the granulocyte and hyalinecstib-populations. The IAA drastically reduced giacyte
ROI/RNI production (71%), but had no significanfeet on hyalinocytes. By contrast, NMMA was a more
potent inhibitor of hyalinocyte ROI/RNI productiq®27 to 33% decreases) but had no significant effect
granulocytes. To the best of our knowledge, thishes first report of different responses to an litr of
different hemocyte cell types; we show prefererdiztivity of the NADPHoxidase pathway in granulazyROI
synthesis, but the NO-synthase pathway is domiimamyalinocyte RNI production in C. gigas. The adnition
of a NOsynthase pathway tphagocytosis-associated ROI productiam C. gigas total hemocytes has been
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previously proposed\lakayama and Maruyama, 1998; Torreilles and Romdst200), but the present study
demonstrates clearly that the NO-synthase pathwagare active in hyalinocytes than in granulocytesme
other functional differences betwe€ngigas hemocyte cell types have been suggested recérghaljara et al.,
20006, indicating thatC. gigas hyalinocyte phagocytosis is regulated by an integependent mechanism, but in
granulocytes, phagocytosis is stimulated by othactional receptors. All these results highlighe gpecificity
of the two main hemocyte cell types in C. gigagoading to their functional capacities and may evnew
insights into the interpretation of the modulatiohthe hemocyte parameters by environmental canditior
physiological status of the oysters.

In conclusion, this study provided a better underding of ROI/RNI production in untreat&l gigas
hemocytes, measured in vitro in seawater afterdiodge This ROI/RNI production has been shown to be
independent of bacterial burden in the serum anphafjocytosis of non-self particles. The two m@irgigas
hemocyte cell types, granulocytes and hyalinocyiase been shown to possess different ROI/RNI miiaiu
capacities, granulocytes being more active in teshtonstitutive production and capacity to prodagga ROI/
RNI during phagocytosis of zymosan particles. Bogh types possessed NADPH-oxidase- and NO-synthase
like pathways to produce ROI/RNI but the NO-synthgmthway seemedmore dominant in hyalinocytes;
whereas, NADPH-oxidasewasmore active in granulacyinally, further studies of hemocyte sub-popatat
activities will likely lead to a better understangiof the impacts of environmental conditions osteyfitness.
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