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ABSTRACT

Occurring in a high density on numerous tidal flats on the west coast, Manila clam Ruditapes philippinarum is one
of the crucial shellfish resources on the west coast of Korea where clams are explored on a commercial scale.
Histology has been utilized in monitoring clam populations by providing detailed insights into the health,
reproduction, and overall condition of clam populations. This study provides comprehensive guidelines involved in
sample processing, tissue slide preparation, digitizing, and subsequent image analysis. These technical details for
each step are expected to standardize mollusk tissue research by ensuring accurate and reproducible results for

researchers.
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M E

HlA2 (Ruditapes philippinarum) & -2uzt A At
o AAsts tEAQ] ojufjs Rz, £3] Ak Aol Qlof vt
A2 7P 528 AAFE Aot} (Park et al, 2013).
Sejuet vpR|gh AYaFe A7k 30,000-50,000 ES2) o] F

22 Asligkel 37t 4 Bigh B AR F4uoll A At
=3 Qlth(Yang et al., 2021). £, 92 9 s 5 HolA
2o upae] 44 9 WA ARsH: 28 AR, <
2] MAEFIM S g 292 A HhEt 4
B RiAe] A, 37 Wt g2 |t (Hong ef al,
2016; Sikdokur et al, 2020; Subramaniam et al, 2024).
HRA| 22 pAMAA] 7hA] oQjol = sy RUEF o] 9lof
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thfstAl BAED Qo (Uddin et al, 2012; Lee et al,
2021; Yu et al, 2024).

zZ¥eg (Histopathology: histo, tissue; pathos,
disease; logos, study) & %Zo] w2} Wa|sta W3}
£ dtste HEoE HAEA gt ofslE Higer o R
Aoz fEE A 2AWEE BEske 28 ol&
g Qo & dFelN A gt dAHsto
st A2]d ¥h3 (Shaw & Battle, 1957; Jeung et al,
2014; Wu et al., 2017; Farzadfar et al, 2021) ¥ 71/34
Ay Aek (Park & Choi, 2001; Bignell er al., 2008; Cho
et al, 2022) & ¥ otz 24, 2 & ety €7 &
EYaE ofsfsts A7 2 RYEPl Z&HR Ao
(Wester et al., 2002; Costa et al, 2013; Joshy et al,
2022). vhA 22lo] mAtz Bl HILE 57| 9t =
A &etole AIZF A2 wE 27 HE 24 dH 43
(dissection), 24 (fixation), Zuf (embedding), %] &
H AZ (sectioning), FA (staining), A0 T& U 24
(microscopic examination and image analysis) & /3
go] Jlom, 7 3L AEsHE 7|0 2 dudo] o7
Ao}, ag, 23 &dtolt A AAol= A4ALe] sHE,
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Histological Methods Used in Clam Pathology Survey

Fig. 1. Preparation of a custom tissue slicing knife. (A)
Measuring and cutting of an acrylic sheet to the required
size. (B) Apply glue to attach the cut acrylic pieces to the
sides of the knife blade. (C) Ensuring proper alignment and
attachment of the pieces to the blade. (D) The completed
custom knife, ready for tissue sectioning.
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o] s9th7]3 (National Oceanic and Atmospheric
Administration, NOAA) 2 <A+ a3ty wste] #7]4
ZUE|ol de] 2ol sjFE 2 AT W] B3t miRd
& A3, ZATA WS BES vk Qi) (Howard er al,
2004). o] el Sloj vEAE RAANE AW A2
NOAA°|A W7t o7 9 H2HR A9 HFE AEAT B
2 vpx|gke] WA 9l Beo]| oto] WaH o] =S
Zzetgdot (Park et al, 2008; Lee ef al, 2021;
Subramaniam et al., 2024).

Table 1. Components and concentration of Davidson solution

2 o nE

1. =X 2ES 28t Mz ™ X2
1) 70z o siE

HEAE AHRE sist7] eiMe 7H2 e 22 sfok
s, AWZe s £ (siphon) o Himel HwmztZ
(anterior adductor muscle) o] Z& o] wjzto] Hojz|
T & Stk o] oA W7ol E4EA ¥R o= A

o] o5ttt HZogRy Hed HiAlEe] AXRE= Fo| H
2 229 27|18 F89] AAT H, 27 AFHo| ARgEh

2) == Hi

24 sPolE e 9T 27 BRIL u] 4L
(gonad), 439y (digestive diverticular), <%
(mantle) op7tu] (gills), 5 (foot) 7} ZETZE Jhc}, =
A A A A FUe Fele] Awe @) 93 F e 2
2 AH Z-Z PYPsHA 2of AlAet 23 ZE o] & AHS
o} (Fig. 1). o] o, 23 A& Z2 7= 4 cm, 1 cmZ At
£ 1.5 mm ¥/ o 2¥ & 4/1E AXHE &-8sto] A2S
o 222 9 Wes AAE 22 Z2 o 3 mm AR
AHst, 43 A= AEe 24 A ut 24

2. 1A (fixation)

ZA2& Qg v N Ege Z2TY,) gk
ke 1A AS o]&3}e J_'—Xéo}‘—} 1A | 52 X2

2 43te Davidson &9o] 74 &&ZFo|tt (Howard,
2004). A& (stock) Davidson %°“—J e 9 sEe
Table 13} Zto ‘:‘1 oji} sip-Eadd-oge-FE AR £A
2 2ot BEd H, ¥ 2ddtth A& (working) &
B g Ll ofMEAS 9:12 EFsto] ArgSit
Davidson &2 3d/do] ZelEg SUSHA] YEF F9
st WHE7loA AgE 1A AHE A ZHIE
17gHof] o] A|5e] MAdS A5, 42 (25°C) ollA] 24
AZEF 3 F 70% oleEE x|$ste] Fv| Bt

N
o &

oi nll
2N o
fd

=2 o

. fu

3. 5}2}¥ Zuj| (paraffin embedding)

Components Volume for 1L Preparation Final Concentration (%) Roles
Glycerin 100 mL 10% Disinfection
35% Formalin 200 mL 20% Disinfection & Fixation
99% Ethyl alcohol 300 mL 30% Disinfection & Fixation
Filtered seawater 300 mL 30% Osmoregulation
Acetic acid 100 mL 10% Fixation
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Fig. 2. Preparation of paraffin blocks for tissue embedding. (A)
Automated tissue processor used for dehydration,
clearing, and infiltration steps. (B) Embedding center with
heating and cooling plates. (C) Placement of the tissue
sample in a mold. (D) Solidification of sample on a cooling
plate. (E) A mold covered by the embedding cassette. (F)
Pouring melted paraffin into the mold to embed the tissue
sample, ensuring it fills completely and covers the cassette
for secure embedding.
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Zf (embedding) & &40 o2 Ag =A< uzkd
(paraffin), 2o|q i FpRSA Sof YEAA Z3l& T}
Aolct. wjFe] Zufjolls F2 miebglo] o] gEw, mhalyle
ZA YRl FE]o] 2AS SHA7| HIFHe A9 24
ool A5 W H =g i

At A gAlE 2A Agdl x3dE FES
AAsH= #74 (dehydration) °02, ®E7} T2 ojeg
(80%, 95%, 100% ethanol) & o]-&3tct. 4 & 70% o

£ 480] 100%olTHSE VAT ek, ojnf FA of

stRE 9AHoR FEE wolH 248 WYt day
2 33 9HESte] dolfle R0l $HE] AAHES g}
g7t ggd 24 Ags 471899 AL (xylene) =
o|-§, dl&&Z AAsh=tl, ol FH3} (clearing) 2} 3t
o] & = mleld YENA (infiltration) 2 watHe] ==

HEA s, 9 AL 4502 rl IHY ASHET
Fig. 2A) & &-835}0] 2y5n, &4 £st 9 J & A7k
Table 29} Zt}.

—~

2) o2t 28 A%
ekl £EE2 HE ARAIA wojste embedding
centers ©o|-83 AZgtc}. o] Aol FL LeicaAtollA] A

Table 2. Processing time for tissue dehydration, clearing, and paraffin infiltration

Process Agents Duration (min)
80% Ethanol 60
95% Ethanol 120
95% Ethanol 120
Dehydration 95% Ethanol 120
100% Ethanol 120
100% Ethanol 120
100% Ethanol 60
Xylene 60
Clearing Xylene 120
Xylene 120
Paraffin 120
Paraffin Infiltration Paraffin 120
Paraffin 120
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5= Leica EG1150 H (7}2d) ¢ Leica EG1150 C (¥
2t g ol 8%t et EE Az IS Ayttt (Fig. 2B).
Embedding center A& 2A17F A AYLE #, nlatyol
R =5 £ RS 5, 25, TA 5 7|7et 2% FHe
60°C 7} HujoA] Bfste] o)A SR YEE I
o}, getd JEgo] By 222 ulatd 7k Ay gt
o] Hakstm, stetdl §og B (mold) ol 7+5 ALk
A A EAMst1A st Ho| RO g FoleF EC 9o
23 H (Fig. 2C), 232 127 52| YziuolA gty &
He 29k (Fig. 2D). ©] w, vpeko] ¥l 7+ 2| Adksiy
7|25 A|Agt}, Egh Ero] eyt ehxs] 27] Hoj 7}
HEZ dojof 5l0 (Fig. 2E), 21 9ol mietd A4S 715
A9 FHIEZL BEERRE RelEz] GxE St (Fig. 2F).
vt BtestA S19 olF, netEg W FHE-EC
Ee7h S £ Q7] igo] HA-S Aol etdg B

|

i)
Z

N ol

4. 22 AH A F
ety BE2o) 3E2A o2 IAE RA A EE FHY
7] (Rotary microtome) & ©|-83}o] 4-6 um FA=Z Bf
th 22| 4o o|gHE 22 F2 HE A=A A2t
d3]g ZZ AR8sHH, o] AFo)i= FeatherAte] A35
Microtome BladesE Ag3tth 438 Zho] AHL AR &
ZF dAvprb 28 gl Rrjojd A9 wiet ARSSIEE g
s EE FAE 4 uhs Holt} FHY wdr)e) &
ZtE = 5o Z2EI microtome bladeE A&t (Fig.
3A). 23 A&7} 23E gty

18

1z

)
roh ok

tt (Fig. 3D). 237 HHL
9 (Fig. 3E), 50 °Co] 7
3F). A ¥d F, vIRisHA SAsks BAle iAW

Table 33} Zt}.

Table 3. Troubleshooting for tissue sectioning

Fig. 3. Sectioning and mouting of paraffin-embedded tissue

samples. (A) Rotary microtome setup for sectioning
paraffin blocks. (B) Paraffin block with tissue embedded,
ready for sectioning. (C) Cut sections from the microtome.
(D) Transferring sections to a slide using a drop of warm
water to flatten and adhere the tissue. (E) Positioning the
section properly on the slide. (F) Slides placed on a slide
warmer to dry and ensure tissue adherence before
staining.

5. 9M 9 &etol & A7

Fedn|F o g AEy x99 12§ W] sl 4F
22 Nzt 2AZ st HES M (staining) o]zt
ot AT o] ot xjol7h ot dwtHog g
2t (deparaffinization) — B2rdd (dexylene) — A
k4 (rehydration) — @A (staining)
(dehydration) — £% (clearing) — &% (mounting) 2|
&AE ZIYH, (Table 4). HiA|=golA 71 E51A] T2 =
= AN 7AYE  Perkinsus olseni ZE Aol

L

olt

P
- g5

Problems

Causes

Troubleshooting

Sections are curled and uneven

Sections are compressed and wrinkled

Sections are cracked or torn

- The blade is set at an angle
- One side of the blade is dull

- Dull blade
- Warm block

- Debris on the blade
- Damaged blade

- Secure the blade parallelly
- Change the blade

- Change the blade
- Cool down the block

- Change the blade
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Table 4. Staining process and processing time for staining using Hematoxylin and Eosin Y

Step Agents Duration (min)
Xylene 30
Deparaffinization Xylene 5
Xylene 5
100% Ethanol 5
100% Ethanol 1
Dexylene 80% Ethanol 2
50% Ethanol 2
30% Ethanol 1
Distilled water 5
Staining Hematoxylin 1.5
Eosin Y 20 sec
30% Ethanol 1
50% Ethanol 1
70% Ethanol 1
Dehydration 80% Ethanol 1
95% Ethanol Several dips
100% Ethanol 1
100% Ethanol 1
Clearing Xylene 10
Mounting Canada balsam

hematoxylin-eosin Y @4 (H&E staining) ©] ¥¥rdoz
olg5r, ¥el= thg} Zth hematoxylin®] Atsto] o3
271 hemateino| iHAS] 4 FE ZAgsto] Zo|2E

=]
£ d 3 Qaly|e} Agtsto] Yoz JMETE FEFF P(+)
o2 3 Hoj gl MEZo|} AtzZe &(—) HFE d
eosin Yo ZAgsto] EsMoz JAET

1) dM (staining)

H&E @M ¢Jst Alek 3 hematoxyling YHS AHES
™, 1% eosin Y §H ZFpol 2u) 35t ARgsict
(Fig 4A). 71z7t &89 &to|Ex MG rackol|lA] 147
< xyleneoll gof mtetE S A|Agttt (Fig. 4B). Xylene2
Table 4ol w2t GAA 5o ok 2 |75, Lol
rackg T2 8407 o]Fst7] Ao Fo| EFES o]&5}o]
Folgles olgtE 8AS AANTH, oehgo] FHEHA dx
2 M43 7o 3ttt (Fig. 4C). =3 hematoxylin %
eosin Y §H3 AR AdjFo]x] ¢17] wfgol thkst x3ke]
NS &8 A7t 2HE €27t Qo

2) 22! (mounting)

U2 EFYspt ghed 237 &elo|ltg dujFow wE
A3l cover glass F2ot= Aol Edoll= 7yt
(Canada balsam) =+ Z#-& (Malinol) o] F& o|-&
(Fig. 4D). ¥Mo] &k2H o]& xyleneollA HE F<l
o|E Hysh vy glofl 28 ¥ H, flol Ay} &

oft
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=
rlo

o] Aotnz x2o] AxHA| =g sh= Zo| S35t
Fet 3719 cover glass AA Egt F2sit}. Cover
glass= 7]&0] HolFn, 7|XE QIEA] A|A5to] 7|7 B
o] 753t gttt (Fig. 4F). A0l 24A1%F o)A 7%
3 &eolEe Fe Anjgor FAF

L=
e
oXx

o)

6. 2N ge] Hu)7 FF A o]u|x)3}

oty dujg BF At A ZYe A9 gry
g (digital) ©]7] wiol 23 ny22E YA S
4 on, W AR onxE FES o]F7A] AXE
oS AHgsl dA 2AB BT 4 Qi ole A
Jigkstr] gt 7HeRet A1AS otefell 71&stgict
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Fig. 4. Staining and mounting of tissue sections. (A)
Hematoxylin and eosin (H&E) staining solutions. (B) Slides
in a staining rack ready for H&E staining. (C) Drying slides
after staining. (D) Preparation of Canada balsam or Malinol
as mounting medium. (E) Applying mounting medium to
the stained slide. (F) Placing a cover slip over the tissue
section with Canada balsam to finalize the mounting
process, ensuring proper adhesion and preservation of the
sample for microscopic examination.

ANz 2

AOP7] AZE 2A &gjo|to= iAo AL Az

3, T, obtu], ZR7t ZetHo9leh. o] F 2 Fekt of

7Pnlh AL sk uiEe] S48 Mol 4 =2
2 & e 7|Bo|nz g #Eol “JOOPEP a3, A
A, SR w3 FEstaA sk WAAY] F2 S0 w
A Fo3 B didol @ £ Sl dE S0, MarteIIJa
spp. & Fomarteilia spp.= 43t Eojxog £
sto} Hpzlgte] 48 8l JFE S5 sisi (Kang et
al., 2022), vpA o] YA 2ol F2 ZE5}0]
ANEEE AHefoke Zo2 4¥A Stk (Cho et al
2022). 71’4880 EdofR &l Qo= o]EZ AT &
Z7 wgk (M2 WY, A5 S, 24 I EF H) ?l

F2 wEFol Hojof gt

1) IAI
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e T T
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o

2) #0jA AZl Y (image taking)
An7g B it AzARIA ASste thdEt LT ES 0

Fig. 5. Histological microphotography of Hematoxylin &
Eosin-stained Manila clam tissues. (A) Whole mount view
of a clam tissue section. (B) Clusters of Perkinsus olsen
trophozoite. (C) Eomarteilia granula within a digestive
gland tubule. (D) Cercariae inside trematode sporocysts.
(E) Encysted metacercaria in the clam foot muscle.
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