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13357 + 7196 cells mm ™3 49.8+7.5 %
16.6+1.1 pm 10.2+0.6 pm 20.6+5.3 % 13.1+1.2

pm 8.4+0.5 um 29.3+4.8 % 12.4+1.2 um 8.1+0.4 um

0.2+0.2 % 11.3+x1.3 pxm 89+1.1 um
97.7+£25.3 s
5
min
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Counting and morphological changes
in vitro of haemocytes in Eriocheir sinensis
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Abstract The number of haemocytes per cubic milliliter haemolymph in Eriocheir sinensis was 13357 + 7196 . The percentage of
large granular cell LGC was 49.8% and its size was 16.6+1.1 gmx 10.2+0.6 pm The percentage of large and small
granular intermediate cell LSGC was 20.6% and its size was 13.1+1.2 umx 8.4+0.5 pxm The percentage of small
granular cell SGC was 29.3% and its size was 12.4+1.2 pmx 8.1+0.4 pum The percentage of agranular cell AGC

was 0.2% and its size was 11.3+1.3 pgmx 8.9+1.1 pm. The complete coagulation time of haemolymph in Eriocheir sinensis
was 97.7+25.3 s during which only AGC and SGC displayed cytolysis. The main morphological and structural changes of AGC
and SGC were that they and their nuclei swelled immediately after haemolymph leaving body the ratio of nucleus to cytoplasm
increased rapidly membranes ruptured and the cytoplasm moved out from the inside of cell. After the complete coagulation of
haemolymph the main changes of AGC and SGC were that their mitochondria and endoplasmic reticulum ruptured dissolved and
disappeared gradually the substance in the small granules of SGC moved out the electron density in small granules decreased the
granules vacuolated and disappeared gradually and nucleus became pyknosis. The cytolysis of LSGC and LGC started 5 min later
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after haemolymph leaving body and was slower than the cytolysis of AGC and SGC. The main morphological and structural changes of
LSGC and LGC were that they and their nuclei swelled membrane mitochondria and endoplasmic reticulum ruptured dissolved and
disappeared gradually large granules in LSGC and LGC vacuolated and disappeared gradually and nucleus became pyknosis. From
the characteristics of AGC and SGC morphological changes after haemolymph leaving body it was inferred that they released some
coagulative factors to get into the coagulative reactions which might be similar to that of vertebrate platelets.

Key words Eriocheir sinensis haemocyte counting morphological changes coagulation
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5 min

I-9

I1-10 30 min

I1-6

5 min

15 min

1

I-12

45 min

I-11

Tab.1 Total number of haemocytes per cubic milliliter haemolymph and

percentages of different type haemocytes in E. sinensis

60 min

cells mm~? large granular intermediate small granular agranular 4
no. sex oumber of cell cell cell cell ol
A ind, % ind. % ind, %
4 £ 4487 659 65.0 112 11.0 240 23.7 3 0.3 1014
5 s 4416 607 56.0 170 15.7 304 28.0 3 0.3 1084
7 ¥ 23750 510 49.5 195 18.9 321 31.2 4 0.4 1030
3 $ 4150 620 6l.1 160 15.8 227 22.4 3 0.8 1015
9 ¥ 7875 001 65.4 117 11.6 229 22.7 3 0.3 1010
10 g 7925 550 54.0 186 18.3 274 26.9 8 0.8 1018
11 ¥ 13800 505 49.0 298 28.9 226 21.9 2 0.2 1031
12 $ 29875 446 43.1 286 27.6 300 29.0 3 0.3 1035
13 g 9200 507 50.2 216 21.4 284 28.1 2 0.2 1009
14 $ 24375 486 47.5 247 24.1 290 28.3 1 0.1 1024
15 % 22625 477 46.7 238 23.3 306 29.9 1 0.1 1022
16 $ 13750 457 4.5 206 20.1 362 35.2 2 0.2 1027
17 g 25250 494 49.1 231 22.9 279 27.7 3 0.3 1007
18 Es 9500 045 58.2 204 18.4 257 23.2 2 0.2 1108
19 Es 8200 435 42.9 227 22.4 351 34.6 1 0.1 1014
20 2 18125 445 43.7 211 20.7 359 35.2 4 0.4 1019
21 ¥ 13000 412 40.2 270 26.3 342 33.3 2 0.2 1026
22 ¥ 12550 582 55.2 219 20.8 253 24.0 1 0.1 1055
23 $ 19300 471 46.1 255 25.0 295 28.9 1 0.1 1022
24 g 20625 508 50.3 148 14.7 350 34.7 3 0.3 1009
25 $ 23250 520 50.1 164 15.8 352 33.9 1 0.1 1037
26 Es 5400 634 62.3 173 17.0 207 20.4 3 0.3 1017
27 Es 12000 529 52.4 153 15.2 326 32.3 1 0.1 1009
28 s 13750 474 45.1 286 27.2 288 27.4 2 0.2 1050
29 ¥ 5750 534 52.1 169 16.5 318 31.1 3 0.3 1024
30 s 4900 617 59.8 174 16.9 240 23.3 1 0.1 1032
31 g 8025 446 43.9 274 27.0 294 29.0 1 0.1 1015
32 s 14625 482 46.8 174 16.9 371 36.1 2 0.2 1029
33 ¥ 7675 3560 35.2 337 33.4 315 31.2 2 0.2 1010
34 $ 7525 459 4.6 214 20.8 353 34.3 2 0.2 1028
35 s 16375 422 41.4 202 19.8 394 38.6 2 0.2 1020
36 ¥ 15375 425 42.2 263 26.1 319 31.6 2 0.2 1008
* 0 13357 £ 7196 49.8+7.5 20.6+5.3 29.3+4.8 0.2+0.2

=
i}
5
It
[72]
\w}
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30

60 min
I-1~7
2

Tab.2 Sizes of different type haemocytes in E. sinensis

large granular cell intermediate cell small granular cell agranular cell
- e /Lm /Lm /lm lllm /lm /Lm /Lm /lm

n=30 n=30 n=30 n=30 n=30 n=30 n=1~8 n=1~8
4 e 18.4+3.2 10.8%1.5 12.8+2.0 8.0+0.9 10.7+£1.8 7.7«1.1 11.2+0.8 8.8+0.5
5 Fe 16.6+2.6 9.3+x1.4 12.3+2.4 7.7+x1.0 12.2+2.1 7.5+£1.2 10.2+1.7 8.9+0.6
7 ¥ 17.1x2.4 10.7x1.9 12.2+1.7 8.4x1.2 11.1+1.5 7.9%0.8 11.3+0.8 8.7%0.5
8 ¥ 14.5+2.2 10.8x1.2 10.4x1.4 8.5%1.0 10.0x1.5 8.2x0.9 10.0+0.7 9.2%0.9
9 ¥ 17.0+2.5 10.8%1.6 11.7+1.2 8.2+1.0 12.1+2.4 8.6x1.1 10.0+£0.7 9.1+1.0
10 ¥ 16.6+2.7 9.8+x1.6 14.6+3.1 8.6x1.5 13.9£3.2 9.1x1.4 12.5+1.3 9.8x1.2
11 ¥ 16.5+2.0 10.6x1.7 13.2+1.8 8.9x1.6 12.0£2.0 8.2x1.1 13.7£0.7 10.2x1.4
12 e 16.1£2.3 10.2+1.6 12.9+2.2 8.7x1.0 11.4+x1.7 7.7x1.2 9.5£0.7 8.2+0.2
13 ¥ 16.2+2.3 9.2+x1.2 13.5+2.3 8.3x1.2 11.1+2.1 7.9+0.9 10.1+1.8 8.6+0.8
14 ¥ 16.5£3.2 9.8x1.4 12.9+1.8 8.4x1.3 12.6+1.8 8.4x1.1 10.27 10.2°
15 el 16.2+2.1 9.9+x1.9 12.6+1.8 8.3+x1.0 11.7+£2.5 8.1x1.2 10.2” 10.27
16 ¥ 15.5+3.1 9.0+x1.4 12.2+1.6 8.1x1.2 11.8+1.8 8.0x1.2 11.1+0.1 7.8+0.8
17 ¥ 17.7+£2.6 9.9x1.6 14.8+2.4 8.5x1.0 14.2+2.1 8.5+x1.4 12.5+0.6 8.9x1.2
18 Es 17.3£2.9 10.9x1.7 12.5x1.4 8.2x1.2 11.1x1.7 7.4%1.3 9.7+0.7 8.2%0.2
19 s 17.4+x2.4 9.7x1.7 13.9+£2.0 8.8x1.3 14.4+2.4 8.1+£0.9 11.2° 11.2°
20 ¥ 15.8+2.6 10.0+1.3 12.0+1.4 8.5+1.2 12.0+1.8 8.3+x1.3 10.6+0.6 8.0+0.4
21 ¥ 16.7+1.8 10.8x1.6 14.4+1.8 8.7x1.0 14.5+2.5 8.3x1.2 12.2+2.8 9.7x2.1
22 ¥ 15.9£2.5 9.6x1.4 13.7+1.6 8.0+1.0 12.3+x1.6 8.0x1.0 11.27 7.27
23 e 18.8+2.8 10.5+1.9 14.9+2.0 8.3+x1.0 13.4+1.4 8.6x1.6 11.2° 9.2"
24 ¥ 16.1+£2.7 9.8+x1.6 12.9+1.8 8.1+x1.2 11.7+1.6 7.8+x0.9 10.2+1.0 7.6x0.5
25 ¥ 15.6+2.2 9.9x1.3 12.4+2.5 8.0x1.2 12.7+£2.4 7.6x1.0 11.27 9.2"
26 F 14.8+2.9 9.9x1.3 11.4+1.6 8.3x1.0 10.6+1.8 7.9x1.0 10.9£1.2 9.2x1.0
27 s 17.4+2.8 10.8+1.7 12.6+1.4 8.6+0.9 12.8+1.6 8.4+0.8 12.47 11.27
28 g 16.3+1.8 9.8+x1.9 12.1+2.0 7.7x1.2 12.6+1.7 8.2+x1.6 10.7+0.7 9.7x0.7
29 ¥ 13.8x1.5 10.1x2.4 11.9x1.2 8.4x1.5 11.4+1.0 8.3%x2.0 10.1£0.6 7.9%2.0
30 F 17.9x2.0 11.3x2.3 12.0x1.8 8.7x0.9 11.8+2.3 8.5x1.2 11.27 10.2"
31 g 16.5+£2.6 9.7+x1.8 14.3+2.1 7.9+1.1 13.1+£2.0 7.1x1.1 11.27 7.27
32 Es 18.8£3.0 11.7+1.6 15.0+2.0 10.3x1.5 14.1+2.3 8.8x1.9 11.5+1.2 9.2%0.3
33 ¥ 16.1£2.7 11.0£1.3 14.6x2.3 9.4=x1.5 13.3x2.3 8.8x1.1 12.7+0.6 8.3%0.7
34 ¥ 17.5+2.5 9.5+£1.6 13.3£1.9 7.9+1.0 12.1+2.1 7.9=«x1.1 14.3+1.6 8.3+1.6
35 Fe 15.8+2.4 9.6x1.2 14.4+2.0 8.9=+1.1 14.1+1.5 7.9x1.3 15.1+0.9 6.8%x1.6
36 ¥ 17.1x2.7 9.7+1.5 14.4+2.4 8.1x1.5 14.1+x1.9 7.5%x1.4 11.2+0.8 7.6x0.4

meanii:SD 16.6x1.1 10.2+0.6 13.1+£1.2 8.4+0.5 12.4x1.2 8.1x0.4 11.3x1.3 8.9x1.1
*
Notes * the result of one agranular cell
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3

Tab.3 Time of coagulation of blood in E. sinensis

no. coagulation time no. coagulation time no. coagulation time no. A
coagulation time
1 1 min 38 s 6 1 min 44 s 11 1 min 8 s 16 1 min 58 s
2 1 min 30 s 7 1 min 6 s 12 1 min 7 s 17 1 min 43 s
3 2 min 12 s 8 1 min 50 s 13 1 min 36 s 18 2 min 31 s
4 1 min 12 s 9 1 min 15 s 14 2 min 30 s 19 1 min 47 s
5 1 min 25 s 10 1 min 24 s 15 1 min 23 s 20 1 min 35 s
+ mean + SD 97.7+£25.3 s
3
11-13
transglutaminase
13 Spiny lobster Panulirus
8 Macrobrachium — japonicus
rosenbergii
hyline cells semigranular
9
cells
+ 13 357+ 7 196
cells mm ™3 13
97.7+25.3 s
5 min
Penaeus chinensis
WSBV
10
coagulogen
coagulin

11

45 s 1 min 30 s
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Plate ] Morphological and structural changes of AGC SGC LSGC

and LGC in electron microscopy in vitro
1.45s =» x 5400 2.1 min 30 s

-» > x3600 3.5 min -
> %4800 4.15 min - >
> x4200 5. = x4800 6.30 min -
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> =
— %3600 7.45 min =  x3600 8.60 min =»
%3600 9.5 min =» » x3600 10.15 min
=»  x3600 11.45 min =»
= | 2 x 5400 12.60 min
=» » %3600

1. At 45 second AGC cell and nucleus = swell ratio of nucleus to cytoplasm is increasing substance from cytoplasm appears in the outside of cell
x 5400 2. At 1 minute 30 second SGC membrane ruptures and dissolves = and cytoplasm seeps small granules do not change p  x 3600 3.
At 5 minute SGC membrane further ruptures and dissolves mitochondria = and endoplasmic reticulum = expand x 4800 4. At 15 minute
AGC membrane ruptures and dissolves more severely =  mitochondria and endoplasmic reticulum P expand and slightly dissolve nucleus becomes
pyknosis =  x4200 5. Separation between inside and outside membranes of AGC nucleus forms perinuclear cisternac =  x 4800 6. At 30
minute cells of SGC =  mitochondria and endoplasmic reticulum lose their original structures due to their rupture and dissolution electron density
decreases in small granules p  membranes of LSGC rupture to cause cytoplasm slightly seeping =  in which granules do not change — X 3600
7. At 45 minute SGC nucleus is further pyknotic ™  x 3600 8. At 60 minute AGC become no structural substance excepting its pyknotic nucleus
=»  x3600 9.At5 minute LSGC cell and nucleus start to swell =  pseudopodia shrink p- x 3600 10. At 15 minute LSGC membrane
rupture causes cytoplasm slightly seeping =  x 3600 11. At 45 minute LSGC membrane rupture and dissolve more severely mitochondria and
endoplasmic reticulum = expand or dissolve and disappear granules vacuolate and dissolve electron density decreases in the remaining granules
= nucleus is further pyknotic B  x 5400 12. At 60 minute most of LGC mitochondria and endoplasmic reticulum dissolve large granules

vacuolate and dissolve electron density decreases in few of the remaining granules =  nucleus become pyknosis continually B x 3600

Plate [ Morphological and structural changes of haemocytes

in light microscopy in witro

1.45s - » x1072 2.3 min -
» x1072 3.10 min =» » X
1072 4.20 min » = %1072 5.30 min
= » x1072 6.45 min
4 = x 1072 7.60 min
= x 1072

1. At 45 second AGC swell ®  no changes appear in LGC p  x 1072 2. At 3 minute further swollen AGC ™ rupture and dissolve
no distinct changes appear in LGC p  x 1072 3. At 10 minute AGC further rupture and dissolve ™  LGC rupture and lose round shape
=  x1072 4. At 20 minute AGC rupture and dissolve more severely LGC p further rupture = x 1072 5. At 30 minute AGC
dissolve and their nucleuses have become pyknosis =  LGC rupture more severely and collapse p x 1072 6. At 45 minute AGC
nucleuses are pyknosis membranes of LGC rupture p  large granules run out with cytoplasm => and some of them have dissolved and
disappeared x 1072 7. At 60 minute AGC nucleuses are pyknosis the number of large granules in LGC decrease due to their further

dissolution and disappearance =>  x 1072





