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The toxicity of chlorobenzene (CB) was investigated in rainbow

trout following acute ip administration (1. 0 mlikg, 1:1 in corn oil)

and chronic exposure (2. 1 ppm and 2. 9 ppm) via the water in a con-

tinuously flowing system for 15 and 30 days.

In the acute study, overt toxicity and hepatotoxicity were moni-

tored over a 96 hour time period. Variables measured to assess

toxicity included LD50 determination, weight changes, liver weight

to body weight ratios, behavioral changes, alanine aminotransferase

activity (GPT), sulfobromophthalein (BSP) retention, total plasma

protein concentration and liver histopathology. In the chronic study

the same measures of toxicity were followed as well as respiratory

rates, oxygen consumption, food consumption, alkaline phosphatase

(AP) activity, and serum protein electrophoresis.



The 72 hour LD50 of CB in rainbow trout after acute intoxica-

tion was 1.8 ml/kg. The toxicant caused behavioral changes in the

fish which were consistent with the known anesthetic properties of

CB in mammals. Elevations in BSP retention and GPT activity,

and histopathology indicated that CB was hepatotoxic in the fish.

The LC50 of CB in trout exposed via the water for 96 hours

was 4.7 ppm. Chronic exposure of trout to CB resulted in similar

behavioral changes as seen in the acute study. Liver toxicity was

evident from elevations in GPT activity and decreased A/G ratios

of serum proteins after 15 days of exposure. BSP retention and AP

activity appeared to be affected by the nutritional status of the trout

as much as by the CB treatment. After 30 days of exposure to CB,

trout appeared to have adapted to the toxic effects of CB.

These results indicate that CB is toxic to rainbow trout after

either acute intoxication or chronic exposure via the water. Behav-

ioral and soft organ toxicity of CB seen in this study may compromise

the ability of the trout to thrive in its environment.
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ACUTE AND CHRONIC TOXICITY STUDIES WITH
MONOCHLOROBENZENE IN RAINBOW TROUT

IN TROD UC TION

With the growing concern over the potential hazard of chemicals

introduced by man into the environment, the Environmental Protection

Agency (EPA) has designated a number of chemicals as "potentially

hazardous" and has initiated investigations on their toxicities. Mono-

chlorobenzene (CB) is one such compound (Federal Register, 1978).

Through 1965 CB was used primarily as an intermediate in the pro-

duction of DDT and phenol, but more recently it has been used to

make aniline and para-nitrochlorobenzene, an intermediate in the

production of phenylenediamines (Hancock, 1975). In 1975, 325

million pounds of CB were produced at a value of approximately 86

million dollars (SRI, 1975) and as of 1976, CB had been detected. 33

times in water samples (Shackelford and. Keith, 1976).

Although a number of articles have been published on the effects

of other aromatic hydrocarbons on aquatic animals, reports on chloro-

benzene are scant. Pickering and Henderson (1966) determined the

LC50 of CB in fathead minnows, bluegill, goldfish, and guppies in a

static bioassay. Gingerich and Glenn (unpublished) used a flow-

through system to estimate the LC50 of CB in guppies. Also, the

EPA (1978) has reported the LC50 of CB in bluegill and sheephead
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minnows using a static system in which the concentration of CB was

estimated rather than measured directly. Thus, research pertaining

to the toxicity of CB in aquatic species has been confined to bioassays

of LC5Os and not to evaluations of sublethal toxicity. In mammals,

CB has been shown to produce liver and renal necrosis (Desch

1973; Reid, 1973). Subtle soft organ damage in the fish could pro-

duce important changes in the physiological state of the animal and

affect its ability to thrive in its environment.

The present study evaluated the toxicity of CB in rainbow trout

following acute (ip) administration and chronic exposure in a flow

through system. Since the liver of teleosts is important in the main-

tenance of internal homeostasis and the metabolism of xenobiotics

(Chambers and Yarbrough, 1976) and has also been shown to accumu-

late foreign compounds (Statham et al., 1978) and to be susceptible

to damage by hepatotoxic agents (Gingerich et al., 1978; Statham

et al. , 1978), we selected the liver to study possible soft organ dam-__
age. For initial evidence of hepatic damage we monitored alanine

aminotransferase (GPT) and sulfobromophthalein (BSP). To provide

additional evidence of toxicity, serum alkaline phosphatase (AP), total

plasma proteins, and liver histopathology were also followed. Overt

toxicity (e.g. behavioral changes, lethality, weight changes) was

recorded as well.
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METHODOLOGY

Acute Study

Rainbow trout (75-200 grams) of the Mt. Shasta strain were

obtained from the Department of Food. Science and Technology at

Oregon State University and held in aquaria (200 gal) supplied with

continuously flowing well water (15. 0°C±1. 0°C). A 12L:12D photo-

period was used in all experiments. Fish were fed a commercial

fish diet (Silver Cup Diet) daily, but food was withheld for 24 hours

prior to all experiments. All fish were allowed at least a one week

acclimation period before they were used.

LD50 Determination

Four groups of three fish each were injected ip with CB diluted

with an equal volume of corn oil. The dosages were 1. 0 ml/kg, 1.5

ml/kg, 2.1 ml/kg, and 3. 0 ml/kg (expressed as amount of CB before

dilution). The median lethal dose and 95% confidence interval was

calculated for 24, 48, and 72 hours by the method of Weil (1952). A

dose of 1. 0 ml/kg (an approximate LD10) CB in an equal volume of

corn oil was chosen for use in the acute study (total injected volume

of 2. 0 ml/kg).
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BSP Retention

BSP (1 0 mg/kg in 0. 7% saline) was injected into the caudal vein

of control or treated fish 3, 12, 24, 36, 48, and 72 hours after ip

administration of CB or corn oil. Forty-five minutes later a blood

sample was obtained by cardiac puncture. The concentration of BSP

in the plasma was determined by the procedure of Richterich (1969).

Plasma GPT Activity, Plasma Hemoglobin
and Total Plasma Protein Concentrations

Fish were injected with either CB or a similar volume of corn

oil. After 3, 8, 12, 24, 36, 48, 72, and 96 hours, trout were stunned

by a blow to the head, weighed, and blood samples were taken from

the caudal vein using a heparinized tuerculin syringe. Plasma GPT

activity was determined on the same day samples were taken by the

method of Wroblewski and. La Due (1956) as modified by Pfeifer

et al. (1977). Plasma hemoglobin concentration was measured by

the cyanmethemoglobin method of Richterich (1969) and total plasma

protein concentration by the biuret reaction (Gornall et al., 1949),

correcting for any plasma hemoglobin detected.



Histological Evaluation

At each sample time livers were removed, weighed, and

2mm thick slices were fixed in Bouin's fixative. The fixed liver

slices were then embedded in paraffin and 6um sections were cut and

stained with hemotoxylin and eosin for histologic evaluation by light

microscopy.

Chronic Study

Rainbow trout (200-400 grams) were purchased from Roaring

River Fish Hatchery, Scio, Oregon, and transported and housed as

described above. During the experiment, individual fish were held

in separate glass aquaria which contained a volume of 57 liters and

received a continuous flow of well water of 400 ml/min at 15°C±1°.

LC50 Determination

The median lethal concentration (LC50) of CB was determined

in this system (Gingerich et al., 1979) using three groups of eight

fish exposed to 2.9 ppm CB. Concentrations of CB in the water were

monitored daily over the 96 hour time period. The 96 hour LC50 and

95% confidence interval was estimated by the logit linear regression

method of Ashton (1972).
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Experimental Design

Based on the results of the LC50 study, two sublethal concentra-

tions of CB were selected for use in the chronic study. The 96 hour

dose-lethality curve was very steep and indicated that the highest non-

lethal concentration to which the fish could be exposed was about 3.0

ppm. A second concentration of about 2 ppm was selected to monitor

any dose related effects of the CB.

A total of 16 fish were exposed to CB. Eight of these fish were

exposed for 15 days and eight for 30 days. Of the eight fish exposed

to CB for 15 days, four were exposed to 2.9 ppm CB and four to 2.1

ppm CB. Likewise, four of the fish tested for 30 days were exposed

to each concentration of CB. Preliminary experiments indicated that

treated fish would not accept food. Therefore, in the present study

the treated fish were offered food daily for a 15 minute period and an

equal number of control fish were pair-fed an equivalent amount of

food relative to that consumed by the treated fish. Since no treated

fish accepted food during the first 15 days of the study, the control

group which was pair-fed was termed "non-fed." To separate the

effects of CB from the effects of food deprivation, a second control

group of eight fish was fed daily as much food as they would consume

in the 15 minute feeding period. These fish were termed "control."
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In addition to these two control groups, two groups. of 10 fish

were used as "baseline" controls. These fish were from the original

pool from which the experimental and control animals had been

selected and were held and fed as described earlier. These fish did

not take part in the experiment, but served as a baseline to represent

the population. One of the groups of 10 fish was sampled before the

chronic study began and the second group was tested at the termina-

tion of the 30 day period.

As noted earlier, after 15 days, one-half of the fish exposed to

each concentration of toxicant, and one-half of the control fish were

sampled. The remaining fish were tested after 30 days. Each fish

was weighed 24 hours prior to testing and at each time period (15 or

30 days) BSP was injected and blood and liver sections were taken as

in the acute study.

Analytical Procedures

The concentrations of CB in the water were determined by

HPLC. For the chronic study, water samples were taken every other

day for analysis. The HPLC instrument used was a Waters Associ-

ates system equipped with a Reverse Phase uBondapak c 18
column,

Model U6K injector, Model 6000A constant volume reciprocating

piston pump, and absorbance detector Model 440 set at wavelength

254. Eighty percent methanol in water was used as the solvent and
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o-dichlorobenzene (65.3 ppm) was used as the internal standard. In

this system, 25 ill water samples could be injected directly without

extraction after addition of the internal standard. The ratio of CB

to o-dichlorobenzene was computed and concentrations calculated

based upon known standards run in parallel.

Variables measured in the chronic study included serum GPT,

BSP, AP, oxygen consumption, opercular rate, weight change, total

serum proteins and electrophoresis of serum proteins. GPT, BSP,

and total serum proteins were determined as previously described.

Serum AP activity was estimated using the method of Bessey et al.

(1946) after modification for use of 2-amino-2-methyl-l-propanol

buffer (1.5 M, pH 10.3). Serum proteins were separated by electro-

phoresis on cellulose acetate strips (Golias, 1975). Strips were

soaked in 0.5 M Tris-sodium barbital buffer pH 8.8 for 15 minutes.

Three ill of serum were applied to the strips and electrophoresis was

run for 20 minutes at 180 volts. Strips were then stained with Ponceau

S dye and rinsed in 5% acetic acid, dehydrated in methanol and cleared

in a 25% acetic acid in methanol solution. The bands were then quanti-

fied by densitometry. Oxygen consumption was measured by the

modified Winkler method (Taras et 21., 1971). Opercular rates were

determined by observation.
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Statistical Methods

GPT data was analyzed by the Fisher Exact Probability Test

(Siegel, 1956). Enzyme activities greater than two standard deviations

above the pooled control mean were chosen as a positive response.

Other variables measured were analyzed by Student's T-test (Steel

and Torrie, 1960). Controls were pooled after F tests showed no

significant differences among variances.
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RESULTS

Acute Study

The 72 hour median acute lethal dose of CB was estimated to

be 1. 8 ml/kg with a 95% confidence interval of 1.11 to 2. 92 ml/kg.

All deaths occurred in treated fish within 24 hours.

Following the ip administration of 1. 0 ml/kg CB, trout became

hyperactive and displayed erratic swimming behavior. This was

often followed by loss of equilibrium characterized by the fish swim-

ming upside down or laterally. Liver weight to body weight ratios

were not significantly different between treated and control fish at

any time period studied (controls, 0. 85% ± . 03 S. E. vs treated,

0. 77%±.06 S. E. ). Similarly, there was no difference in weight

change between the two groups.

Figure 1 shows that BSP retention was significantly increased

(p < 0. 05) in treated fish at the time periods investigated in the first

24 hours following CB treatment. The elevation was detected as

early as three hours after treatment with apparent recovery by 72

hours. Plasma retention of BSP in the treated fish was approxi-

mately 2.5 times that of controls 12 hours after treatment.

Plasma GPT activity was greater than that of controls at each

time period investigated (Table 1). A distinct biphasic pattern to the

elevations in enzyme activity was evident; a doubling of activity eight
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Figure 1. Temporal pattern of plasma BSP retention in fish
receiving corn oil or CB (1. 0 ml/kg, ip). Blood
was drawn 45 minutes after each fish received
10 mg/kg BSP iv. Values are the mean ±S. E. of
the number of fish in parentheses. Asterisks denote
mean plasma BSP concentrations that are signifi-
cantly different (p < 0. 05) from controls (Student's
T-test).
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TABLE 1 PLASMA GPT ACTIVITY AND TOTAL PLASMA PROTEIN CONCENTRATION WITH TIME AFTER ip INJECTION OF CB
(1.0 ml/kg)

Time after ip injection
(hrs)

GPT
Iu/litera N

Total Plasma Protein
gm/100 ml Plasma

Control (3 -96 hrs) 17.2 ± 1. 7 23 3. 33 ±. 07 30

3 22.6 ±6. 9 5 3. 47 ±. 28 5

8 37.9 ±12.0 5 3.16 ±.19 5

12 26.8 ±4. 0 5 3. 07 ±. 30 5

24 22. 6 ±2. 6 4 3.55 ±. 18 9

36 26.0 ±3.0 9 3.43 ±. 26 9

48 27. 1 ±4. 3 8 3. 12 ±.08 10

72 56.7 ±14. 7b
7 3. 02 ±. 18 12

96 26.8 ±4. 0 4 2. 64 ±. 17
b

4

a
Me an ±S. E.

bDenotes significant difference from control group (p <0.05).
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hours after injection was followed by a return toward control

values and then a three-fold increase over controls was seen after

72 hours. However, only the elevation at 72 hours was statistically

significant (p < 0. 05) (Table 1). The percentage of fish responding

with an increase of greater than two standard deviations above the

mean control GPT activity is shown in Figure 2. As was seen with

enzyme activity, the percentage of fish responding to CB was clearly

biphasic; 40% of the animals responded after eight hours of treatment,

none after 24 hours, and then a progressive increase to approximately

70% at 72 hours.

There were no apparent changes in protein concentration within

the first 72 hours of treatment (Table 1). However, by 96 hours a

decrease (p < 0. 05) had occurred.

A clearly progressive development of an hepatic lesion was not

evident upon histological examination of liver sections. Livers of

treated fish were reduced in glycogen content for the first 48 hours,

but were similar to controls by 72 hours. Two of four livers taken

eight hours post treatment and two of three livers taken 40 hours

after treatment were necrotic around the central veins (Figure 3).

Necrosis was not evident at any other time period and there was no
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Figure 2. Temporal pattern of GPT activity expressed as the
percentage of fish greater than two standard deviations
above the pooled control mean after CB treatment
(1. 0 ml/kg, ip). Asterisks indicate significant differ-
ence from the control group (p < 0. 05) (Fisher Exact
Probability Test).
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Figure 3. Liver sections from rainbow trout. Hemotoxylin
and eosin stain.
(a) Control liver. 128X
(b) Decreased liver glycogen content and pericentral

necrosis in liver eight hours after CB treatment
(1. 0 ml/kg, ip). 128X

(c) Pericentral necrosis eight hours post CB treatment
320X.

(d) Decreased liver glycogen content and pericentral
necrosis in liver 40 hours after CB treatment
(1. 0 ml/kg; ip). SOX
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evidence of regeneration of hepatocytes or of any temporal. progression

of hepatic damage.

Chronic Study

The 96 hour LC50 of CB was estimated to be 4.7 ppm with a 95%

confidence interval of 4.1-5.3 ppm. The estimated highest non-lethal

concentration tolerated by the fish was 3. 0 ppm. The mean concentra-

tions of CB to which the fish were exposed over the 30 day study were

2.1 ppm ± 0. 2 S. E. and 2. 9 ppm ± 0. 3 S. E. Neither concentration

resulted in any deaths over the 30 day period. However, treated fish

at both concentrations of CB were hyperexcitable throughout the study

and loss of equilibrium was observed in most treated animals. Be-

cause fish were hyperexcitable we measured the amount of dissolved

oxygen in the water, the oxygen consumption and the opercular rates

of the fish to make sure there was an adequate supply of oxygen to the

fish. After four days of exposure to CB there was a dose related

increase in opercular beats per minute and an increase in oxygen

consumption in the fish exposed to the higher concentration of the

toxicant (Table 2), but no change in the amount of dissolved oxygen in

the water. Fish exposed to CB at both concentrations refused food for

at least the first 15 days of the experiment. One fish from the high CB

group resumed eating at day 28 while two fish from the low CB group

began eating at days 16 and 23 respectively. The mean relative food



TABLE 2. RESPIRATORY FACTORS IN RAINBOW TROUT AFTER FOUR DAYS OF WATER EXPOSURE TO CB VIA A FLOW-THROUGH
SYSTEM.

Low CB High CB
Factor Control NonNon -fed (2. 1 ppm) (2.9 ppm)

Opercular rate
(beats/min) 68.4 13. Ob 66. 25 f3. 0 91 /3. 04C 114 /6

(8) (16) (8) (8)
Oxygen consumption
(mg mirr 1 kg ) . 66 f.02 . 72 ±. 05 . 60 ±. 15' 2. 86 /. 30c

a
Number in parentheses indicates number of animals.

b
Mean ±S. E.

Significantly different (p <0.05) from either control or non-fed animals (Student's T-test).
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consumption rates of the fish held in the 2.1 and 2. 9 ppm CB concen-

trations were 1.5 gm/100 gm body weight/day and 1. 0 gm/1 00 gm

body weight/day respectively. In contrast, fish offered an unrestrict-

ed ration consumed an average of 3.5 gm/1 00 gm body weight/d y.

At the time of sampling, fish from both treatment groups appeared to

have a decrease in white muscle mass after gross examination.

Figure 4 shows the relative weight change of trout after 15 and

30 days of exposure to CB. A dose related decrease in body weight

was statistically significant (p < 0. 05) from non-fed fish at day 15 in

both treatment groups. By the end of the 30 day period only those fish

exposed to the high CB levels remained significantly depressed. Fed

control fish gained an average of 12% by 15 days and 25% by 30 days.

Serum GPT activity was increased in a dose related manner

after 15 days of exposure (Figure 5). The low CB group displayed a

mean GPT activity about twice that of the non-fed group (p < 0. 05),

while the high CB group had a mean GPT activity about three times

that of either the control or the non-fed group (p < 0. 05) and over

twice that of the low CB group. After 30 days of CB exposure there

still appeared to be an increased GPT activity in the high CB group,

although the elevation was not significantly different from either the

control or non-fed group. Fasted animals tended to have GPT values

lower than both baseline and fed controls at both time periods. GPT

activity was not statistically different between the two baseline groups.
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Figure 4. Relative weight change in control fish and fish continu-
ously exposed to 2.1 ppm and 2. 9 ppm CB for 15 and
30 days via the water. Values represent the mean
±S. E. of the number of fish in parentheses. Asterisks
denote values that are statistically significant (p< 0. 05)
from non-fed fish (Student's T-test).
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Figure 5. Serum GPT activities of control fish and trout continu-
ously exposed to 2.1 ppm and 2. 9 ppm CB for 15 and
30 days via the water. Values are the mean ±S. E. of
the number of animals in parentheses. Asterisks indi-
cate values that are significantly different (p < 0. 05)
from non-fed fish (Fisher Exact Probability Test).
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Positive BSP retention was evident after 15 or 30 days in the

non-fed fish, low CB, and high CB groups (Table 3). The mean serum

BSP concentration of CB exposed and the non-fed fish at either time

was similar. BSP retention of the non-fed group was more than three

times that of fed controls after 15 days and more than four times after

30 days of CB exposure.

AP activity tended to be decreased by exposure to CB or fasting

in this study (Table 3). Only in the group of fish exposed to the low

CB concentration for 15 days was there no change in the AP activity

when compared to either the baseline or fed control groups. In all

other cases the AP activity was depressed relative to these control

groups. Enzyme activity in fed controls was higher than baseline

results at both time periods, increasing from 53 Iu/L to 70 Iu/L over

the last 15 days. Fed controls displayed almost twice the activity of

non-fed animals after 15 days and greater than three times after 30

days.

The effect of CB treatment on total serum protein concentration

is also seen in Table 3. There appeared to be a decrease in the con-

centration after 15 days and the difference seemed to be accentuated

with increasing CB concentration. While the serum protein concentra-

tion increased over the 30 day study in all groups except the baseline

fish, only the non-fed and control fish were significantly different from

baseline fish (p < 0. 05). The fasted fish and high CB group remained



Table 3. SERUM BSP RETENTION, SERUM AP ACTIVITIES, AND TOTAL SERUM PROTEIN CONCENTRATION IN CONTROL
RAINBOW TROUT AND TROUT EXPOSED TO 2. 1 PPM AND 2. 9 PPM CB FOR 15 AND 30 DAYS VIA THE WATER.

15 Days 30 Days
Base-
line Control

Low
Non-Fed CB

High
CB Control Non-Fed

Low
CB

High
CB

Base-
line

Na

BSP

9

860' d

4

00d

8

6. 68e' 1 8. 15e, f

4

5. 99e, f

4

1. 25
d

8

5. 29e' 1

4

6. 33e'

4

1 6. 92e,

9

Z. 18d
(mg/100m1)b *0.48 ±0.44 ±1.24 +0.29 *0.29 ±0.15 *0. 60 +1. 28 ±0. 95 ±0. 3

(3)

AP 53.30d 29. 30e 56.10 25. 5e 69. 9d 21.1; 29.8 22. 25e 42. 36d
IU/L +5.26 *3.29 +3.72 ±4.68 ±15.7 +Z. 0 ±4.40 +6. 06 +6. 3

(3) (2)

e
ci 1 f f f

eTotal 3. 89d' 2.40 ' 1. 95e'l 1 . 84f
8.7e, 13d, 88e, 3.35 2.88e 3. 45d'

Serum ±0.19 ±0.21 +0. 10 +0.27 ±0.23 ±0.12 *0.20 *0. 39 ±0.49 ±0. 11
Protein
(gm/1 00mqg

(10)

a. Number of animals for each test unless indicated otherwise in parentheses.

b. Concentration of BSP remaining in serum 45 minutes after an iv dose of 10 mg/kg.

c. Mean ± S. E.

d. Significantly different (p< 0. 05) from non-fed fish.

e. Significantly different (p< 0. 05) from control fish.

f. Significantly different (p< 0. 05) from baseline fish.

X. Total serum protein concentration corrected for serum hemoglobin.
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lower (p < 0. 05) than the control group after 30 days, while the low

CB fish appeared to recover (50% of these fish resumed eating).

Table 4 shows the results of serum protein electrophoresis of

fish exposed. to CB for 15 days. Sera was separated into eight frac-

tions as described by Perrier et al. (1973). These fractions were

divided into two zones depending on their speed of migration; zone 1

(fractions 1-3) migrating more rapidly than zone 2 (fractions 4-8).

These zones correspond to the albumin (zone 1) and globulin (zone 2)

fractions of mammalian serum proteins (Perrier et al., 1974). The

mean ratio of zone 1 to zone 2 proteins (A/G ratio) of non-fed fish was

slightly (14%) less than that of fed controls. The A/G ratios for the

low CB and high CB fish were decreased by about 18% and 41% respec-

tively from non-fed fish while the A/G ratio of the high CB group was

approximately 30% lower than that of the low CB fish.

Histological evaluation of liver sections revealed a tendency for

decreased liver glycogen in the CB exposed fish (Table 5). Fish fed

daily had a greater amount of liver glycogen compared to either con-

trol group. No necrosis or other degenerative changes were seen by

light microscopy at either time period.



TABLE 4 ELECTROPHORETIC DISTRIBUTION OF SERUM PROTEINS (GM/100 ML) FROM TROUT AFTER 15 DAYS OF WATER EXPOSURE
TO 2. 1 PPM AND 2.9 PPM CB.

Fraction Control
(2)a

Non fed
(2)

Low CB

(1)

High CB

(3)

406 ±.155b . 209 ±. 020 . 524 . 241 ±. 142

Zone I II .763 ±. 343 .521 ±. 008 . 579 .273 ±. 079

III . 907 ±. 123 . 513 ±. 127 .841 . 507 ±. 166

IV 681 149 .472 &. 154 . 607 559 ±. 154

V .200 ±.051 .201 ±.063 . 342 204 ±.044

Zone II VI .432 ±. 059 . 185 ±. 034 .593 . 390 ±. 103

VII .203 ±. 010 .225 ±. 122 324 .233 ±. 086

VIII .025 ±.012 .095 ±.050 131 .064 ±.029

Ratio
c

1. 3420 1. 1515 0. 9497 0. 6810

a

b
Number of fish sampled is included in parentheses.

Mean ±S. E. (gm/100 ml).
cMean ratio of the sum of proteins in Zone I to sum of proteins in Zone II.



TABLE 5. HISTOLOGIC EVALUATION OF LIVER GLYCOGEN CONTENT OF RAINBOW TROUT AFTER CHRONIC EXPOSURE OF CB

VIA A FLOW-THROUGH SYSTEM.

Fish Group

Glycogen Contenta
15 days 30 days

Baseline
b

-I-I- (10)

Control 4)+4-44 ( ++++ (4)

Non-fed ++ (8) -1-4- (8)

Low CB + (4) + (4)

High CB + (4) + (4)

aEvaluation of liver glycogen content as follows:
+ low

-H- moderate
4-1-+ he avy

-1-4-1-4- extreme

b Number of fish examined.
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DISCUSSION

Acute administration of CB to rainbow trout in this study

resulted in 100% lethality at doses above 2. 9 ml/kg. The 96 hour

ip LD50 of 1.8 ml/kg compares well with that reported in rats of

2.6 ml/kg after oral administration (Sax, 1979). The acute dose used

in this study, 1. 0 ml/kg, represents an approximate LD10 over a 96

hour observation period. The dose range, encompassing doses from

the highest non-lethal to the lowest estimated 100% lethal, was from

9-30 mmol/kg (1-3 ml/kg), illustrating the steepness of the dose

response curve in these fish. All deaths occurred within the first

24 hours after CB administration. The deaths appeared to be a result

of CNS depression which is consistent with the known anesthetic actions

of CB in mammals.

Acute intoxication with CB caused no change in the concentration

of total plasma proteins or relative body weight over 72 hours. This is

in contrast to the observations reported by Pfeifer and Weber (1979)

following acute intoxication of rainbow trout with another halogenated

hydrocarbon, carbon tetrachloride. These authors demonstrated a

significant reduction in total plasma protein concentration at 12, 24

and 36 hours post treatment, as well as an increasein relative body

weight.

In mammalian species, CB has been demonstrated to be a
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hepatotoxicant which causes centrolobular necrosis of hepatocytes

similar to that seen with carbon tetrachloride (Oesch et al., 1973;

Reid et al., 1973), although the latter chemical is felt to act via a

different mechanism (Gillette et al., 1972; Plaa and Witcshe, 1976).

The toxicity of CB in mammals has been studied primarily by histo-

pathological evaluations and not by other measures of liver damage

(Oesch et al., 1973; Reid, 1973; Reid et al., 1973). Since BSP

retention has been used to evaluate liver function in mammals (Plaa,

1968) and rainbow trout (Gingerich et al., 1978) and is considered a

sensitive indicator of hepatic dysfunction (Cutler, 1974), we used this

as one of the indicators of liver toxicity in the trout. In the present

study, a significant retention of BSP was seen at 3, 12, and 24 hours

after CB treatment, with the maximum retention after 12 hours.

Apparent recovery had already occurred by 72 hours post treatment.

Gingerich et al. (1978) reported a maximum retention of ESP in carbon

tetrachloride treated trout after 48 hours and significant elevations

as long as 120 hours after treatment. While these findings suggest a

much more rapid time course of hepatic dysfunction, a number of fac-

tors can influence BSP uptake by the liver. The present study does not

rule out, for example, that the increased BSP retention may have been

due to a decrease in blood flow to the liver as a result of CB treatment

in trout.

Further evidence of hepatocellular involvement was provided by
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plasma GPT activity. Enzyme activity was somewhat elevated at all

time periods studied and was characterized by a biphasic pattern of ele-

vations. The most marked elevations occurred around 72 hours post

treatment or 60 hours after maximum BSP retention. Biphasic responses

in OPT activity have been reported previously in rats (Koeferl, 1972)

and rainbow trout (Racicot et al., 1975; Statham et al., 1978; Pfeifer,

1979) following carbon tetrachloride intoxication.

Histopathological corroboration of the hepatocellular damage sug-

gested by BSP and GPT changes was equivocal. The livers of two fish

examined at 8 hours and two fish at 40 hours post treatment had defini-

tive necrosis around the central veins similar to that described in mam-

mals following acute CB administration (Oesch et al., 1973) and in rain-

bow trout after carbon tetrachloride intoxication (Gingerich et al., 1978).

The decrease in liver glycogen seen in the acute study has been reported

as an early toxic occurrence in CB treatment in rats (Oesch et al., 1973;

Reid et al., 1973). Thus, acute exposure of rainbow trout to CB appears

to cause both functional and biochemical alterations of the liver and have

the potential to cause histological damage.

A number of toxic effects were observed among the fish exposed

chronically to CB. The 96 hour LC50 was found to be 4.7 ppm. Deaths

occurred at concentrations above 2. 9 ppm and 100% mortality was seen

at 6.7 ppm. Standard 96 hour LC50 studies on other species of fish

exposed to CB have ranged from 23-52 ppm (Pickering and Henderson,
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1966; Gingerich and. Glenn, unpublished). Differences in response to

chemicals among species of fish are not uncommon but it appears that

the trout is much more sensitive to the CB than other species.

Fish exposed to CB appeared hyperexcitable to external stimuli

by day two and continued so throughout the 30 day study. This was

similar to the immediate effects seen in the acute study. Further

evidence for an increase in activity of treated fish was seen in the

increased opercular rate and oxygen consumption measured at day

four. Increases in respiratory movements in fish have been used as

an indication of environmental changes and also as an indication of a

toxic response to such chemicals as hydrogen sulfide (Belding, 1964).

The increase in oxygen consumption suggests an effect of the CB

rather than of starvation since oxygen consumption in brook trout has

been reported to decrease to a nadir after three days of food depriva-

tion (Beamish, 1964). These effects may represent CNS toxicity

associated with stage 2 anesthesia. The anorexic response seen in

treated fish for the first 15 days of the study is consistent with CNS

and liver toxicity.

Unlike the acute study, the chronically exposed fish lost relative

body weight compared to non-fed and control fish. This might be

anticipated from the reduction in food consumption, but fresh water

fish are hyperosmotic to their environment and usually respond under

stress conditions with an influx of water (Randall et al., 1972). This
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is often followed by a diuresis and restoration of normal water balance

with little associated weight change (Lloyd and Orr, 1969). It may be

that the increased metabolic activity and food deprivation of the treated

fish led to an increase in catabolism of glycogen, fat, and white

muscle protein. This could further lead to a decrease in relative

body weight of these animals. Gross examination of the fish suggested

an apparent decrease in white muscle mass in the treated groups at

both 15 and 30 days. Histopathologic evaluations of liver sections indi-

cated a decrease in glycogen content of treated fish at both time peri-

ods studied. This decrease in glycogen may have led to increased

protein catabolism in order to maintain the energy requirements of

the fish. There was a decrease in total serum protein concentration

after 15 days of exposure to CB and electrophoresis of serum proteins

indicated a dose related decrease in the A/G ratio. In brook trout

starved for f4ve weeks, a decrease in body protein (% wet weight) has

been reported (Phillips and Livingston, 1960). However, since neither

total body protein nor liver protein was determined, one can only

speculate on the cause of the loss of relative body weight.

At the levels tested, chronic CB exposure resulted in a mild

hepatitis in the trout as evidenced by the apparent transient elevation

in GPT activity after 15 days. Actually, the magnitude of the rise in

enzyme activity was greater than that observed following the acute

administration of 1.0 ml/kg of CB. After 30 days the activity of GPT
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was apparently normalizing, suggesting an adaptive response to CB in

this environment.

Interpretation of BSP retention was severely affected by the

nutritional status of the trout in the chronic study. Food deprivation

increased BSP retention to such an extent that this test did not differen-

tiate liver dysfunction due to the toxic effects of CB from that associ-

ated with fasting or anorexia. The mechanism of this increase in

serum BSP in fasting trout is presently being investigated. Prelimi-

nary data now suggests that the uptake mechanism of BSP into the liver

is not affected (unpublished). A 20% decrease in the clearance of

Rose Bengal (another dye used to assess liver function) has been

reported within two weeks in dogs maintained on a high fat, protein

free diet (Li and Freeman, 1946). However, Rose Bengal is not

cleared in the same manner as BSP by the liver so it is difficult to

draw any conclusions about the role of the nutritional status of the

trout in BSP removal at this time.

AP activity in the serum was generally depressed after either

CB exposure or food deprivation. AP can be used to indicate a

cholestatic response in the liver which is usually accompanied by a

rise in the serum activity of this enzyme (Henry, 1979). However,

in this study there was no indication of a rise in AP, but rather, food

deprivation or CB-induced anorexia resulted in diminished activity of

this enzyme in the blood of all but one experimental group. The fed
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controls seemed to exhibit a slightly higher serum AP activity than

did the baseline fish. Baseline fish were housed in a community envi-

ronment in which they had to compete for food, but fed control fish

were held in individual aquaria and thus probably ate much more food

than did individual baseline fish. Rosenthal et al. (1952) showed that

in rats both plasma and liver AP activity decreased (61% and 50%

respectively) after one week of fasting. Such an effect may have

accounted for the decline in enzyme levels seen in fasted and CB

exposed fish.

Thus, environmental exposure to CB resulted in some sublethal

physiological manifestations of toxicity in the fish. Some evidence of

low grade chronic hepatitis was provided by the observed elevations

of GPT and shifts in the A/G ratio of serum protein. Other indicators

of liver toxicity (BSP and AP) were apparently as much affected by the

apparent anorexiant effects of CB in the fish as with liver toxicity and

thus did not provide clear evidence of liver dysfunction. Moreover,

with increasing duration of the exposure there appeared to be an

acclimatization to the CB in the present environment. The toxicity

of CB to fish after 30 days of exposure was less than that after 15

days. Total serum proteins were higher in each group of fish after

30 days compared to those fish sampled after 15 days. Likewise,

the loss of relative body weight was no greater after 30 days than

that seen after 15 days. The resumption of feeding by some of the
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CB-exposed fish may partially explain these results. However, the

fact that the treated fish began to eat seems in itself evidence for

some acclimation taking place. Also, GPT activity was reduced 30

days after exposure to CB relative to the 15 day results. This implies

that there was less toxicity 30 days after exposure than after 15 days.

There are several possible explanations for the tolerance seen:

1. CB decreased the mixed function oxidases (MFO or P450) of the

trout resulting in less formation of an .active metabolite.

2. Starvation of fish for 15 days led to a decrease in the MFO.

3. There was an increase in the detoxification or excretion of CB.

CB is metabolized to an active metabolite by mammalian MFO

(Brodie et al., 1971). This metabolite then decreases stores of gluta-

thione and covalently binds to cellular macromolecules necessary for

the maintenance of cell homeostasis. This binding is postulated to

lead to cell damage by some unknown mechanism (Brodie et al., 1971;

Reid et al.., 1973). Rainbow trout possess the MFO system required

to activate CB (Chambers and Yarbrough, 1976; Sieber and Adamson,

1977). After acute ip administration of CB to trout, glutathione levels

are reduced by 18% in three hours (Dalich and Larson, unpublished).

This suggests that rainbow trout do metabolize CB to some reactive

intermediate. Any decrease in this metabolism of CB could lead to

a decrease in toxicity. Carlson and Tardiff (1976) have reported that

CB given orally for 14 days to rats significantly decreased the amount
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of P450 in the liver. Thus, it is possible that CB decreases the MFO

of trout with prolonged exposure. It must be noted, however, that

MFO concentrations were not measured in this study and that there

are important differences between the trout and mammalian MFO

(Ahokas, 1979, Elcombe and Lech, 1979).

Alternatively, a decrease in the amount of dietary protein has

been reported to decrease P450 concentrations in mammals (Basu and

Dickerson, 1974). Since all treated fish were deficient in food for the

first 15 days of the study, it is conceivable that P450 levels were

depressed. In support of this, Staton and Khan (1975) have reported

a 67% decrease in P450 levels in brook trout after 14 days of food

deprivation. However, Buhler and Rasmusson (1968) have reported no

decrease in P450 concentration in rainbow trout after 1, 2, 4, or 8

weeks of starvation.

Lastly, an increase in the detoxification or excretion of CB

could account for the apparent tolerance to CB. One manner in which

CB is detoxified in the rat is via epoxide hydrase (Selander et al.,

1975). This enzyme leads to the formation of a dihydro-diol from

the arene oxide intermediate formed by the P450 system. Thus, an

increase in the epoxide hydrase activity could lead to an increased

detoxification and excretion of CB. The livers of teleosts possess the

epoxide hydrase activity necessary for this reaction (James et al.,

1979) and CB is known to increase epoxide hydrase activity in rats
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after a single ip dose (Oesch et al. , 1973). Therefore, it may be that

with chronic exposure to CB, the toxicant itself leads to its own

increase in detoxification and excretion. A similar explanation for

the decrease in toxicity of bromobenzene after pretreatment with

3-methylcholanthrene has been proposed (Zampaglione et al., 1973).

Once again, we can only speculate on the cause of the tolerance since

neither epoxide hydrase activity nor the metabolites were measured

in this study; but are the topics of investigations currently underway.
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SUMMARY AND CONCLUSIONS

These studies have attempted to assess the overall toxicity of

CB in the rainbow trout. In the first study, trout were administered

CB ip. Results of this acute study indicated that the dose response

curve for lethality is very steep and that trout are quite sensitive to

the effects of CB. Initial effects of CB were seen as behavioral

changes in the trout, probably due to CNS toxicity. Variables mea-

sured to assess liver toxicity indicated there was toxicity to this soft

organ.

Results of the acute study indicated that a study more compatible

with possible environmental exposure was warranted. Thus, the

second experiment was designed to assess the toxicity of CB in

rainbow trout when the fish were continuously exposed to CB via the

water for 15 and 30 days. Results of this study indicated that as in

the acute study, the dose response curve for lethality is extremely

steep and that CB produced a similar spectrum of toxicity after 15

days of chronic exposure. Fish exposed to CB in the chronic study

refused food for at least the first 15 days but after 30 days of expo-

sure to CB, trout appeared to adapt to the toxic effects of CB.

Thus, CB appears to cause both behavioral and soft organ

toxicity which may compromise the ability of the trout to thrive in

its environment. However, the water exposure study was conducted
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under scientifically controlled conditions in which each fish was

individually housed and continuously exposed to high sublethal concen-

trations of CB. In a true environmental situation many additional

factors could be involved which could affect the concentration and

exposure of the CB to the fish (e.g., temperature, humidity, size of the

body of water, water flow, stream constitution, predator-prey interac-

tions, etc.). Nevertheless, the potential environmental hazard of CB

has been demonstrated. In order to more fully understand this hazard,

further studies are needed to elucidate the pharmacokinetic and meta-

bolic fate of CB in the rainbow trout.
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