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Chronic toxicity of zinc sulphate in Procambarus clarkii

WANG Quan', WANG Jianguo'*, LU Hongda®, XIONG Liangwei', AN Jian’
1. Jiangsu Animal Husbandry & Veterinary College, Taizhou 225300, China;

2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;
3. Marine Fisheries Research Institute of Lianyungang, Lianyungang, 222042, China

Abstract: We evaluated the chronic toxicity of zinc sulphate in the crayfish Procambarus clarkii. Mature P. clarkii
were exposed to 0, 0.40, 4.04, or 40.37 mg/L Zn*" for 21 days. Each day, we randomly selected five crayfish in
each group and collected samples of the hepatopancreas, gill, and muscle tissue from males and females and ovar-
ian tissue from each female. The tissues were placed in Bouin’s fixative for 24 h, sectioned in paraffin, and stained
using H-E. We observed a number of brick red particles in the cytoplasm of cells from the hepatopancreas and
antennal gland in animals exposed to Zn>". The number of these particles was positively correlated with the con-
centration of Zn*" and exposure time. There was no obvious histopathology in the group exposed to 0.40 mg/L
Zn**. We observed bleeding and necrosis in hepatopancreas, antennal gland, and gills in the group exposed to 4.04
mg/L after 7 d. The proportion of necrotic cells increased as the concentration of Zn”*" and time of exposure in-
creased. We observed spermatocyte necrosis after 14 d in exposure to 40.37 mg/L Zn**. After 21 d, we observed
bleeding of the spermary and ovary and necrosis of the ootid and spermatocyte cells. A large number of hepato-
cytes exhibited necrosis and had dropped from the hepatic ducts. The connective tissue exhibited hyperplasia, with
large numbers of cells blocking the hepatic ducts, resulting in macroscopical bulky grains in the hapatopancreas of
the group exposed to 40.37 mg/L. Our results suggest that exposure to 4.04 mg/L Zn*" for 21 d causes pathological
changes in the hepatopancreas, antennal gland, gills, and gonad tissue of P. clarkii. Given that zinc sulphate inter-
feres with the metabolic, respiratory, and reproductive systems, chronic exposure is likely to threaten the survival
of P. clarkii populations.

Key words: Procambarus clarkii; zinc sulphate; stress; histopathology; chronic toxicity
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1. , , (6.1£3.6)% (#).2.0.40 mg/L 21d
, , (13.5£2.9)% (#).3.4.04 mg/L 7d , (18.4+7.7)%
(). 4. 4.04 mg/L 14 d (26.3+5.8)% (1), (A).
5.4.04 mg/L 21d ), (A) .6.4.04 mg/L
21d(39.342.4)% (r), (A).7.40.37 mg/L 7d 40%
(1). 8.40.37 mg/L 14d (™),
(A).9.40.37 mg/L 21d (1), (©). 10. 40.37 mg/L 21d
(A), (). 11. 40.37 mg/L 21d ), (A),
(A\). 12. 40.37 mg/L 21d ), (A),

Plate [ Histopathology in hepatopancreas
1. The hepatic ducts cells of the control group had intact structure and brick red particulate matters(BRPM) were observed in cytoplasm of
(6.1£3.6)% hepatopancreas cells(#). 2. Exposed in 0.40 mg/L for 21 days, the hepatic ducts were full of secretions, their structures were
intact, a little BRPM were observed in cytoplasm of (13.5+2.9)% hepatopancreas cells(®). 3. Exposed in 4.04 mg/L for 7 days, the structures
were intact, a little BRPM were observed in cytoplasm of (18.4+7.7)% hepatopancreas cells(®). 4. Exposed in 4.04 mg/L for 14 days, lots of
BRPM( 1) in cytoplasm of (26.3+5.8)% hepatopancreas cells and necrosis cells (A) in part of hepatopancreas were observed. 5. A large
number of BRPM(#) were observed in hepatopancreas. Hepatic ducts were full of cells debris of necrosis cells (A) and BRPM(1). 6. Ex-
posed in 4.04 mg/L for 21 days, a large number of BRPM(#) were observed in (39.3£2.4)% hepatopancreas cells and necrosis cells (A)
were observed in hepatopancreas. 7. Exposed in 40.37 mg/L for 7 days, a large number of BRPM(#®) were observed in more than 40%
hepatopancreas cells. 8. Exposed in 40.37 mg/L for 14 days, a large number of BRPM(#®) were observed in hepatopancreas. Many necrosis
cells fell off (A). 9. Exposed in 40.37 mg/L for 21 days, a large number of brown granular spots(#) on hepatopancreas were observed, the
control group({). 10. Exposed in 40.37 mg/L for 21 days, hepatic ducts were full of red matters(A), hyperplasia cells (#) were around he-
patic ducts. 11. Hyperplasia cells (#) were around hepatic ducts. Necrosis cells (A) fell off into hepatic ducts. Some hemocytes dispersed in
tissues(A\). 12. Necrosis cells (A) fell off into hepatic ducts. Hepatic ducts were full of red matters, hyperplasia cells (#) were around
hepatic ducts.
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1. , .2.0.40 mg/L 21d , ().
3.4.04 mg/L 144 (), (A). 4.40.37 mg/L 7d
(*), (A), (A\).5.40.37 mg/L 14d 1),
(A, (A). 6. 40.37 mg/L 21d (A), (AN).

Plate IT Histopathology of antennal gland
1. Fine antennal gland cells had intact structure. Demarcation line of tissues was clear in control group. 2. Exposed in 0.40 mg/L for
21 days, there were a little circular red particulate matter (RPM) in antennal gland cells. 3. Exposed in 4.04 mg/L for 14 days, many
RPM were observed in part of antennal gland cells (#). A few necrosis cells (A) were observed in antennal gland. 4. Exposed in
40.37 mg/L for 7 days, many RPM were observed in antennal gland cells (#).A few necrosis cells (A) were observed and large
granular hemocytes dispersed in tissues of antennal gland (A\). 5. Exposed in 40.37 mg/L for 14 days, many RPM were observed in
antennal gland cells (#). Many necrosis cells (A) were observed and some large granular hemocytes dispersed in tissues of antennal
gland (AA). 6. Exposed in 40.37 mg/L for 21 days, a large number of necrosis cells were observed and fell off (A). Some large
granular hemocytes dispersed in tissues of antennal gland (A\).
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L : (A) (1) (A).2.0.40 mg/L 21d ,
() (A).3.4.04 mg/L 21d , (A). 4.40.37 mg/L
. (A), (A\).5.40.37 mg/L 21d (),

) (A\). 6.40.37 mg/L 21d (),

Plate IIl Histopathology in gills

14d

M),

1. Gill membrane(A), respiratory epithelium cells(f) and haemocoele(/A\) cells had fine structure. The demarcation line of each
tissue was clear in control group. 2. Exposed in 0.40 mg/L for 21 days, gills swelled slightly. The demarcation line of gill membrane
was unclear(#) and the respiratory epithelium cells fell off (A) in little gill cells. 3. Exposed in 4.04 mg/L for 21 days, respiratory
epithelium cells were necrotic and fell off demarcation line (A). 4. Exposed in 40.37 mg/L for 14 days, gills swelled and gill mem-
brane was necrotic (A). Necrotic respiratory epithelium cells (£\) were observed and departed from gill membrane.

5. Exposed in 40.37 mg/L for 21 days, nucleus of breathe epithelium swelled(#). Respiratory epithelium was necrotic and fell off (A)
and instated by hemocytes(Z\). 6. Exposed in 40.37 mg/L for 21 days, nucleus of respiratory epithelium cells swelled(#). Respira-

tory epithelium cells died and fell off (A). Haemocoele was full of necrotic cells.
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1. , : m () ) .2.0.40 mg/L 21d
: (%), (1).3.4.04 mg/L 21d ,

M) (1).4.40.37 mg/L 21d (A), (A).s. ),

(), (A). 6. 0.40 mg/L 21d (), (), (A).7.4.04

mg/L 21d (A). 8.40.37 mg/L 21d (A), (A, ().

PlateIlV Histopathology in gonads
1. Seminiferous interlobulars of the control group had clear boundaries. Actively cell division was observed in lobulars. There were
many primary spermatocytes(?), secondary spermatocytes({)and spermatids(#) in lobulars. 2. Exposed in 0.40 mg/L for 21 days,
seminiferous interlobulars had clear boundaries. Primary spermatocytes({') and spermatids(#) dividing actively were observed in
lobulars. 3. Exposed in 4.04 mg/L for 21 days, necrotic primary spermatocytes were observed whose nucleus chromatin distributed
closely to nuclear membrane(A). Primary spermatocytes of the control group (). 4. Exposed in 40.37 mg/L for 21 days, some ne-
crosis cells were observed in seminiferous lobulars(A).There were many hemocytes (4\) in lobulars. 5. Complete nucleus(#) and
much egg yolk({) which was surrounded by follicular cells(A) in oocyte of the control group. 6. Exposed in 0.40 mg/L for 21 days,
there were complete nucleus(#®) and much egg yolk({) which was surrounded by follicular cells(A) in oocyte. 7. Exposed in 4.04
mg/L for 21 days, oocytes departed with follicular cells(A). 8. Exposed in 40.37 mg/L for 21 days, necrosis follicular cells (A)and
fusion cells(#) were observed. Some hemocytes dispersed in tissues (A\).
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1. (1), (A).2.40.37 mg/L 21d (M)
(1), (A).
PlateV  Histopathology in intestine

1. There were some inclusions in the intestine of the control(#). Intestinal epithelium cells were complete(A). 2. Exposed in 40.37 mg/L for
21 days, a large number of BRPMs(#) were observed in inclusions of intestine. Intestinal epithelium cells were complete(A).
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