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Effects of ammonia-N stress on immunity-related indicators and histological
structure of some organs of the marine crab, Charybdis japonica
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Abstract: Charybdis japonica is an important marine crab, that is widely distributed in the China sea area. Enzymatic and
histological methods were used to analyze changes in the activities of immune-related enzymes in the blood serum, and in
the histology of major organs of this crab exposed to different levels of ammonia-N stress. The primary objective of the study
was to provide a theoretical basis for research into ammonia-N toxicity in relation to the control of water quality in artificial
cultures of this crab.

The crabs were exposed to ammonia-N concentrations of 0, 2, 5, 10, 15, and 20 mg/L for up to 15 days. After times
of 0, 1, 3, 5, 10, and 15 days, blood samples were taken for measurement of changes in immunity-related indicators,

including the density of hemocytes ( DHC) ; hemocyanin concentration; the activities of phenoloxidase (PO) , lysozyme
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(LSZ) , superoxide dismutase (SOD) and catalase ( CAT) ; and the malondialdehyde ( MDA) concentration. On day 15,
samples were taken of the gills, hepatopancreas and stomach tissue of the crabs in the 20 mg/L of ammonia-N medium, for
observations of histological changes.

Many of the measured indices showed an initial increase in response to ammonia-N stress, which was followed by a
decreasing trend over time. This was observed in the values of DHC and hemocyanin concentration, in the activities of the
SOD and CAT in all treatments, and in the activities of the PO and LSZ in the experimental groups at low ammonia-N
concentrations. In contrast, the LSZ activity declined continuously in crabs at high concentration of ammonia. At low
ammonia-N concentrations, the MDA content initially increased, and then decreased, and finally rose again. At higher
concentrations, MDA continuously increased. After exposure to ammonia-N for 15 days, most of the measured indices were
lower in the ammonia-N treatments than in the control group, with the exception of DHC, hemocyanin concentration, and
PO activity, which were slightly higher. There were significant negative correlations between ammonia-N concentration and
DHC, and ammonia concentration and the activities of PO, LSZ, SOD, and CAT. In contrast, the MDA content was
positively correlated with the ammonia-N concentration ( P<0.01). Noticeable changes were observed in the histological
structure of some organs in crabs exposed to high concentrations of ammonia-N. The chitin layer of the gills became thin and
was partly ruptured, the epithelial lamina became disorganized, and the chromatin condensed. The quantity of hemolymph
in the gill cavity was reduced and its density decreased. Hemocytes were condensed with ruptured cytomembranes and
abundant vacuoles in cytoplasm. The glandular epithelium exhibited an irregular morphology, the number of secretory cells
(B-cells) decreased and numerous vacuoles appeared. There were fewer organelles and the chromatin was condensed. The
chitin layer of the stomach ruptured and the gastric epithelium became disordered, with abundant residual bodies formed in
the cytoplasm.

We conclude that high concentrations of ammonia-N have significant effects on the activities of immune-related enzymes
and on organ morphology in Charybdis japonica. Changes in the activities of SOD and in the content of MDA, may be used

as indices for evaluating the immune state of C. japonica under ammonia-N stress.

Key Words: ammonia-N stress; Charybdis japonica; immunity-related indicators; histological structure
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MDA #5214 K 78 10 % Bl e & T340 & AU e
T H AR GRS

3.2 FARWAXT H AU RS T L5 1 R

52 4 (%) S8 EL A R W HE Tk % 95 35 R T 5
Z e, IS K AR B B i, SO B i 12 28
(55 —iE B 4R, 5 3% B 30 B3 10 52 ) S0 35 1R 7%,
Chen %% % B R SR H ASXHIF 82 20, P AR 1M
NG 757 S R 18 7) TR N M 1 WA K T
o S R A ) A a8 2 R R . LT IR
A SRR 24, 8 1 HEB KL 20 4 R o
PIRE D | BRI PRAS | b B kL b e AR
WoAE FR IR My dB R 4 B 6 52 B IF ( Cherax
quadricarinatus ) S 254 (1) WLEL 45 AT . 7 55 7E 6
B U A LT TR B L 0 S AR ok B o B
JUT BRI R s R SR 25 5 e i, TR
RaRE L&A Na® K'-ATP i, 58 Fi6ia4 20 R
IS PR U8 2 B 5 3 R YT S A A Bk 48 R
99 E2L P sk L 2 1 F 3 i #5814 PP I )

H ST sl I 40 M Bk T 55 I A S A, iR T
PUARBIB R DohfE, THED R A &S
IR R ( Macrobrachium rosenbergii ) 1ML 2 J ¥ 1h1
DA I A2 R N R B i 2 A SRR B 254
RS 2 — 30 TR AMGA T, il 40 i b 240 i s
UL A AR R, 2 I I 20 A B S 2 TR Y i
TR O A2 A/ B LA I T B IR e £ 5 1Y) S
[P 453 R e PR Bt S35 P 2 A O, L 5 i) 1) 44 93 AH
FHEN AR,

HE R SRR T R A0 20 P T

b B A A7 R 5 R DI RE, F A8 23 A 2 3k 1 s TT A Jo
SRR A, T B RER A M 0 0 1 P, AT 240
BEAMF AL, T B 40 EL A 40 P9 T Al A 23 30 1 2
A AW R, AR R a0 A0 £ 5
)BT BT BE AR v A Y B e N I i 2
Mzt A IR AR, AR i H A
JPIBRR L Bz HEBZEAL i v 2 1 B A B e A, 3R
WL ARG h 160 % W] 2, TR AL D BE 2 B2, R 4
J T A5 A, B e B AR i N T AL ZH RE S F 48
=gl PSR ORI D A% N e (8 TR 3R, )
THACRE A5 O™ A2 B, AR S0 P Ok B A
3B AR (G BUGR FIE SE R A X rh AR G
BEABTRER 2 — B 5E2E B 40 F 20
BT R E A A B F A0 A R AL
A DI BE R [ , S e — 22 i 704k, BT LA 50 B
A b

BERTTTE th AR LT U itk A 58,
Fa R I, X BEAT I A 1T Y LT Bk Al
FERN G, 4 S 8 4%, W] X IF I I 0 ) AT o
UEDY ST AUt B B A R 1 5 i i AR
il AWFTE KB, BRI ] 52 AR e 5 BEJL
TBURASE | JR 2R, 2 X A | ik i vy £ g
AR, BRI AR IRE H AR T LR
— R T Tl 136 A, AR S 06 30 o o7 A R B L WL )
R L R A R BB T 5T R R AR, 3R
AR i 1 & B , T 28 Uil S 208 B
PRS0 ek, AR LR Y B A R, R B A5 ik
REZ BIBCR IR

WA SR RS AR F AR E R (2 mg/
L) M ra T~ B4R H A E DHC | if i 8 1 2 &R PO
I ISR R R 0K LSz Rt S AL i
C B —E T R, 32 W B 2 S i I a2
XL GLRE D BE )™ A2 — RE WY IR, I AR SR B AR ™ o
ANEZAN T i e R R 38 23 B e BE AR AR B
S OUN RN RERET e e S e s AR IR
Yo WP KT A A5 22 R BRALAE , 7T RE - BN
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