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SUMMARY

Oxygen consumption and sodium, potassium and calcium concentration were determined in the
freshwater mussel, Lameflidens marginalis, and its tissues during methy! parathion (MP} 1oxicity, A tran-
sient increase followed by decrease in whole animal or tissue respiration as a function of time was observ-
ed. Greater loss of calcium by the mantle, sodium by the gill, and calcium and sodium by the hepatopan-
creas and foot was observed. As compared 1o calcium and sedium, the loss of potassium by the tissues
was less,

INTRODUCTION

A certamn degree of water pellution resulting from application of pesticides will
continue into the foreseeable future {1]. OP pesticides are widely used because of
their biodegradability [2]. Inhibition of AChE by OP pesticides was found to lead
to a series of physiological changes in animal systems [3]. Also, they were found to
alter protein, nucleic acid, carbohydrate and lipid metabolism, adrenocortical and
respiratory functions in non-target organisms [4-8]. Inhibition of exygen uptake by
tissues was found to decrease mitochondrial oxidation of succinate, malate and
glutamate during OP toxicity in fish and rat [6, 9, 10]. Decrease in ciliary activity
and oxidative metabolism as a consequence of OP pesticide toxicity prompted the

*Correspondence to be sent 1o C.5. Chelty at his present address: Department of Neurolegy, The Univer-
sity of Mississippi Medical Center, 2500 North State Street, Jackson, MS 39216 (U.S.A).

Abbreviations: ACh, acetylcholine; AChE, acetylcholinesterase: MP, methyl parathion; OF,
organophosphorus.
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investigators to study the changes in respiration and ionic contents in the tissues of © RESULTS Ad
freshwater mussels exposed to MP {i1]. These mussels are suitable indicators for
toxic assessment because they are stationary, hence their exposure levels can be easi. Rates of !
ly measured. As filter feeders, they can potentially accumulate large amounts of are presente
dissolved or suspended materials. Mussels are particularly relevant test species in Oz cons
because of their economic value as staple food in certain localities of South Indig gradually d
and other areas of the world. smum relat
consumptic
MATERIALS . tissue, follc
| consumptic

Freshwater mussels, Lamellidens marginalis (30 t 5 g), were coilected from local
freshwater ponds and fed ad lib with plankton. Prior to use they were acclimatizeq | rABLEH
to laboratory conditions for 1 week and starved 24 h prior to experimentation [12]. CHANGES 1
The LCso (25 ppm) was determined by the method of Bayne et al. [13]. Mussels ey © £D TO SUBI
posed to sublethal concentration (8 ppm) of MP for 6, 12, 24, 36, 48 or 72 h were S

. . . . Tissue
used for the determination of oxygen {Q2) consumption. Sodium (Na ™), potassium
(K ") and calcium (Ca’ * ) levels were estimated in hepatopancreas, foot, mantle ang —e
gill tissues of the mussels exposed to MP for 24, 48 or 72 h. Hepatopanch
Caleium
METHODS Sodium
Whole animal O, consumption was estimated by Winkler’s iodometric method ; Potassium
{14] and tissue respiration was measured by a manometric method [151in a Warburg )
respirometer. The cations, Na™, K© and Ca’* were estimated by the method of 'Log;dum
Dall [16] in a flame photometer,
Sodium
TABLE 1
Potassium
CHANGES IN RESPIRATION OF MUSSEL (mi O; CONSUMED/h) AND {TS TISSUES (l CONSUMED /g Wi -
WEIGHT/h} EXFOSED TO SUBLETHAL CONCENTRATION OF METHYL PARATHION Mantle
Animal/  Control ‘Time of exposure (h) o Calcium
tissue —
6 12 18 24 16 48 o Sodium
Whole  3.38x0.26 353031 3.78:0.28° 3.27£0.28 2961029 2.70+0.25% 2.5] £0.26% 2.284 0.0
animal (+4.44} (+11.8) (—3.25) {—~12.4) (-20.1) (—25.7) {-32.5 Potassium
Hepato- 267 < 10,1 282419.6  290x16.8° 2632186 244+14.9° 226+9.93° 207+ 10.1% 185+ 93>
pancreas (+5.62) (+8.61) {— 1.5y {—8.61) (-15.4) {—22.5) (- 207 Gill
Foot 248+ 12,6 2504201 2584198 2434202 229+19.6 222+15.6° 197.+10.3% 1861 1% Calcium
(+0.81)  (+4.03) (~2.02)  (-7.66) (-10.5) (~206)  (-250)
Mantle  328+24.6  346:15.0 339+19.5 3254256 308+£26.5 295+19.6° 270+ 19.8° 2%415¢ Sodium
(+5.49)  (+£3.35) (=091 (—610)  (—i0.1) (=17 (-22.6)
Gilt W21 109 40922087 4204256 374264 3312697 31142090 2894 19.9° 2554 |59 Potassium
{(+7.07) (4995 (-2.10) (=133 (-1B.6) (-24.3) (- 30.6)
Hach value is + SD of six individual observations. Values in parentheses are % changes over control. P < 0.0 kach value

PP 0.0l SR <005, P <0001
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36 48 72

5+ 0.29° 2704 0.25% 2,51 +0.26° 228+ 0.2
12.4) (= 20.1) (~25.7) (~32.5)
+14.9° 22629.93° 207210.1° 185491
1.61) {(~15.4) (—22.5) (-30.7)
+£19.6 2224156° 197410.3° 1864 114
7.66) {~ 10.5) {—20.6) {(~25.00
265 205+ 19.6° 270+ 19.8% 254+ )58
10y (~ 0.1} (~17.7) (~22.6)
£26.9° 311220.9° 289+16.9% 2554159
33 {(—18.6) (—24.3) {—30.6

theses are % changes over control. *P<0.00; .
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RESULTS AND DISCUSSION

Rates of Oz consumption by whole mussel or tissue obtained during MP exposure
are presented in Tabile I. During 6 to 12 h exposure to MP, there was a slight increase
in Oz consumption by the treated rmussels or the tissues studied. Consumption
graduaily declined to values lower than those of time-matched controls with max-
imum relative decreases observed at 72 h. When percent deviations in rates of O,
consumption by the tissues were compared, maximum changes were observed in gill
tissue, followed by hepatopancreas, mantle, and foot. In general, alterations in O,
consumptions due to MP exposure followed the same pattern in all tissues studied.

TABLE 1]

CHANGES IN IONIC CONTENT (umol/g WET WT., TISSUE) IN TISSUES OF MUSSELS EXPOS-
ED TO SUBLETHAL CONCENTRATION OF METHYL PARATHION

Tissue Control Time of exposure (h)
24 48 72
Hepatopancreas
Calcium 0.137 + 0.009 0.129 + 0,002 0.121 + 0.004° 0.102 + 0.0069°
{—5.84) (=187 (—25.6)
Sodium 0,128 + 0,009 0.126 + 0,008 0,109 + 0.009° 0.094 + 0.008"
{—-6.25) (—14.8} (—26.6)
Potassium 0.095 + 0.008 0.088 + 0.066 0.083 = 0.006° 0.078 3 0.006°
(—~7.37) (~12.6) {~17.9)
Foor
Calcium 0.082 + 0,005 G.081 + 0.005 0.073 + 0.005° 0.065 + 0.004%
(—1.22) {~11.0) (= 20.0)
Sodium 0.08% + 0,006 0.084 + 0.005 0.077 = 0.006° 0.068 x 0.006"
(—5.62) (—-13.5) (--23.6)
Potassium 0.053 + 0.003 0.048 + 0.003° 0.047 + 0.004° 0.047 = 0.003°
{—9.43) {(~11.3) {(-11.3)
Mantie
Calcium 0.138 + 0.012 0.149 + 0.011 0.132 x 0.011® G.1i5 + 0,008
(—5.70) (~16.5) (—27.2)
Sodium 0.058 + 0.005 0.055 + 0.003 0.05¢ + 0.003° 0.045 + 0.003"
(=5.17) (—13.8) (—22.4)
Potassium 0.085 + 0.005 G.080 + 0.004 9.676 + 0.005° 0.070 + ©.005°
(—3.88) (—10.6) (~17.6)
Gill '
Caleium 0.067 + 0.004 0.664 = 0.005 0.062 + 0.004 0.05% x 0.003°
{—4.48) (—7.46) (—11.9)
Sedium 0.169 > 0.012 0.157 + 0.01] 0.141 = 0.009° G.187 + 0.009°
{(—7.10) {—16.6) (—30.8)
Potassium 0.064 =+ 0.003 0.062 + 0.003 0.058 = 0.004° 0.055 + 0.003°
(-3.13) (-9.37) {~-14.1)

Each value is + SD of six individual observations. Values in parentheses are % changes over centrol,
"P<0.001; PP<0.01; P<0.02; SP<0.05.
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Levels of Na*, K and Ca** were estimated in tissues of mussels exposed to Mp
for 24, 48 or 72 h (Table I1}. No changes were observed following 24 b exposyr,
however, 48-h and 72-h groups had significant decreases in levels of Na‘t, K* an(;
Ca?* . Decreases in Na* were more pronounced in gills, whereas K and g2~
decreased primarily in mantle and hepatopancreas, respectively. The changes iy,
{onic content in general were parailel with the changes in O, consumption as a fug,.
tion of time during MP exposure.

Oxvygen consumption of an animal reflects basal metabolic status, which may b,
altered by environmental stress. A slight transient increase in Oy consumption fp;
6-12 h followed by gradual decrease as a function of time is a finding peculiar (g
the present study. The initial increase in O, consumption may be an indication 1
mobilization of metabolic reserves in response to immediate toxic effects. Decrease
in O consumption after 12 h may be due to the increased flow or accumulation of
MP as a function of time. Based on eariier studies and the present study, rates of
O, consumption inhibition by fish and motiuscs exposed to various OF compounds
are as follows: malathion >»foschlar > MP > dichlorvos 1171,

Oxygen consumption of tssues which account for the decreased respiraiory ac.
tivity of the whole animal indicate that compared to hepatopancreas and gill, the
response of the mantle or foot in initial periods of exposure was less and the latter
was found to develop edema rapidiy. Similar decreases in Oy uptake in vitro were
observed in livers of fish exposed to parathion and malathion {9]. Responses of
hepatopancreas and gili in general were found to be simitar. Maximum inhibition
in O, uptake by gills may be related to intimate contact with MP in water. The
possibility of altered permeability of gill tissue following MP exposure should alse
be considered. As reported earlier, formation of a coagulation film as a conseguence
of pesticide exposure results in the changes in differential characteristics of
respiratory epithelium [18]. O’Brien |3} proposed inhibition of AChE by OP com.
pounds results in accumuiation of ACh with in turn increases the vascular resisiance
thereby directing the blood away from the secondary lamellae resulting in reduced
(3, transport capacity.

Apart from O, consumption, osmoregularity of tissues plays an important role
in regulation of cellular metabolism and its imbalance will lead to various
physiological changes, Decreases in tonic content of tissues as a consequence of MP
toxicity suggest changes in permeability properties of membranes and/or inhibition
of Na*, K* and Ca’™ ionic pumps. The greater loss of Ca’* by mantle, Na* by
gill, and Ca’* and Na™ by hepatopancreas and foot indicate differential responses
of tissues to the induced MP stress. Compared to Ca’*t and Na*, the loss of K~
ions was minor. Decreases in subcellular Ca?* in the present study correlate with
the structural and functional changes in mitochondria which are the sinks for this
ion [19]. The maximum decrease in the Ca®* of mantle as compared to other tissues
could be attributed to increased decalcification.

Changes in ionic contents could be correlated to the O, consumption of tissues
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during MP stress. Decreased O consumption results in reduced energy production
which in turn affects the energy dependent transport of ions and the water
permeabiiity system, as evidenced by edema in the foot of mussels during MP
eXposure.
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