
membrane filter in a sterilized filtration 
apparatus. Membranes were mounted in 
petri plates that contained a few milli- 
liters of the following media: (i) steri- 
lized river water, (ii) 1.5 percent agar, 
(iii) 0.1 percent peptone, and (iv) 0.1 
percent dextrose. These were incubated 
in inverted position for 48 hours at 
room temperature, prior to counting 
under a dissecting microscope. The av- 
erage density of 15 squares was used to 
estimate the total number of colonies 
on the filter. 

Relative photosynthetic rates were 
measured with 14C; we followed, in gen- 
eral, the light and dark bottle procedure 
described by Strickland and Parsons (2) 
for measurement of productivity by 
means of the 14C method. Twelve bot- 
tles were used in each experiment. One 
set of three (two light and one dark) 
filled with intake water was incubated 
at ambient water temperature, another 
set of three at the temperature of the 
effluent. Similar sets of bottles filled with 
-effluent water were incubated at ambi- 
ent and at effluent temperature. 

The wood and plexiglass incubators 
were filled with tap water circulated 
through a reservoir fitted with a cooling 
unit and a heating unit to maintain the 
desired temperature. Temperatures were 
maintained within 2?C of that desig- 
nated during the course of incubation. 
Although the absolute temperature of 
the incubators was different on the sev- 
eral experimental days, the differential 
was nearly the same (Table 1). Each in- 
cubator contained eight 40-watt fluores- 
cent lamps. Average light intensities 
were 0.89 X 104 erg cm2 sec-1 and 
1.12 X 104 erg cm2 sec-1 (3). No cor- 
rection has been made in the data for 
the slight difference in light value. 

Following a 3- to 4-hour period of 
incubation, experiments were concluded 
by filtration of 25 or 50 ml from each 
bottle through a 0.45-,um membrane. 
These were mounted on ring and disk 
assemblies, desiccated, and counted in 
a thin end-window, gas-flow counter 
(Nuclear-Chicago). 

A conspicuous reduction of photo- 
synthetic rate is apparent in experiments 
1-4 (Table 1). As the plant was chlori- 
nating at these times, we believe this is 
a direct effect of chlorine in the effluent 
sample. The reductions are statistically 
significant and are paralleled by reduc- 
tions in bacterial densities and concen- 
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though smaller reduction in photosyn- 
thesis occurred in experiment 5. Al- 
though this is not statistically significant, 
it is paralleled by a lower bacterial 
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trations of chlorophyll a. A similar 
though smaller reduction in photosyn- 
thesis occurred in experiment 5. Al- 
though this is not statistically significant, 
it is paralleled by a lower bacterial 
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count and chlorophyll concentration. 
We are unable to explain this result; no 
application of chlorine was recorded at 
this time. The percentage reduction in 
photosynthesis (ignoring the difference 
in incubation temperatures) was cal- 
culated as follows: 

% reduction = 

{(1- mean of effluent rates \ 
mean of intake rates 

Rates of photosynthesis, concen- 
trations of chlorophyll a, and bacterial 
counts are nearly identical in experi- 
ments 6-11, although some of the dif- 
ferences in rates of photosynthesis are 
significant. 

Most of these differences may be in- 
terpreted as being due to temperature 
increase. In the last six experiments (as 
well as four of the initial five) heated 
intake water has a higher rate of photo- 
synthesis than does intake water in- 
cubated at ambient temperature. The 
same is true of effluent water in experi- 
ments 5-11. Any effect temperature 
might have had in effluent water in ex- 
periments 1-4 is evidently overshad- 
owed by the effect of chlorine. 

Our results are similar to those of 
Warinner and Brehmer (4) in the York 
River. Comparability is limited, how- 
ever, since they employed generally 
larger temperature differentials. Also, 
the differentials were induced in the 
laboratory, rather than by plant opera- 
tions, which thus excluded any influ- 
ence of chlorine. Morgan and Stross 
(5) also found reductions and increases 
in primary productivity in work more 
comparable to our own at the same 
site. 

The maximum rate of water use by 
this plant has been estimated to be 30 
percent of the rate of supply of new 
water to the adjacent segment of the 
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and other substances in common 
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river (6). Chlorination records (7) 
show that only rarely is chlorine ap- 
plied more than 6 hour day-' at Chalk 
Point; application 25 percent of the 
time would thus be a reasonable maxi- 
mum. Ignoring intensity and timing of 
application, and assuming 91 percent 
loss of production when chlorination 
occurs, a maximum loss of primary 
production of 6.6 percent may be cal- 
culated for the affected area of the 
river. Whatever the exact magnitude of 
this loss in the condenser water, we have 
not detected a consistent reduction of 
primary production in the vicinity of the 
outfall of the effluent canal in field 
studies. 
D. H. HAMILTON, JR., D. A. FLEMER 
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University of Maryland Natural 
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cern. One means of assessing this po- 
tential is through short-term cyto- 
genetic tests, with primary reliance 
placed on the effect of such agents on 
the chromosomes and growth of pe- 
ripheral leukocytes in vitro. We have 
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Acetylsalicylic Acid: No Chromosome 

Damage in Human Leukocytes 

Abstract. Acetylsalicylic acid was added to cultures of human leukocytes at 
several time periods over a wide range of concentrations (0.1 to 300.0 micro- 
grams per milliliter). Leukocytes were also cultured from human volunteers dur- 
ing the ingestion of two 300-milligram tablets four times daily (2400 milligrams 
per day) over a 1-month period. No significant increase in chromosome aberra- 
tions was detected in vitro or in vivo. 
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initiated such a preliminary screen for 
studies of chemical mutagenesis with 
acetylsalicylic acid (ASA; aspirin). Re- 
cent reports have indicated this widely 
used analgesic caused chromosome 
damage in vitro at concentrations "far 
lower than the blood-level of 100-120 
/tg per ml 2 hours after the ingestion 
of 2.0 g" (1). Specifically, in the only 
cytogenetic investigation which, to the 
best of our knowledge, exists in the 
world literature, Jarvik and Kato (1) 
reported an average breakage frequency 
twice the control value (10.0 percent 
versus 4.7 percent) in normal human 
leukocyte cultures treated with 0.1 and 
1.0 Ftg of ASA per milliliter of medium 
4 hours before harvesting of cells (that 
is, from 68 to 72 hours of culture). If 
aspirin is accepted as a chromosome- 
breaker, one of two conclusions is un- 
avoidable: either (i) the clinical mani- 
festations of this damage are incredibly 
insidious or (ii) the test system utilized 
is far too delicate or inconsequential to 
be of any value. In order to resolve 
either of the above conclusions, more 
extensive studies of ASA were deemed 
essential. We have been unable to con- 
firm these results (1) in over 80 leu- 
kocyte cultures to which ASA was 
added, over several exposure times, to 
the limits of its solubility in aqueous 
media (about 300 ,ug/ml); nor does 
ASA apparently damage leukocyte 
chromosomes in vivo at plasma con- 
centrations well above the levels used 
by Jarvik and Kato in their in vitro 
studies (1). 

The microculture method for cultur- 
ing leukocytes (2), with minor varia- 
tions, was used for cultures to which 
ASA was to be added. Blood flowing 
from a finger prick was drawn into a 
1.0-ml tuberculin syringe which had 
been fitted with a 26-gauge needle and 
prerinsed with sodium heparin; after 
removal of needle, two drops (approxi- 
mately 0.1 ml) were added to tubes, 
each of which contained 5 ml of cul- 
ture medium (3). Acetylsalicylic acid, 
made up as a sterile stock solution in 
culture medium (4), was added to 
cultures at different times: at the initia- 
tion of culture, or at 48 hours, or at 68 
hours. Replicate cultures were run for 
each concentration of ASA used in 
vitro and for each time period of ex- 
posure. Control cultures received an 
equivalent volume of diluent [distilled 
water or Eagle basal (BME) cul- 
ture medium]. The cultures from vol- 
unteers (5) on a regimen of two ASA 
tablets (6) four times daily for 1 
month were established by a modifica- 
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Table 2. Incidence of chromosome breakage in cultured leukocytes from human volunteers dur- 
ing program of two aspirin tablets (600 mg) four times daily for 1 month. The highest indi- 
vidual breakage frequencies were not related to the concentration of salicylate; in no individual 
case was chromosome breakage different from the control (pretreatment) value during the 
entire treatment period. Pre, before administration of ASA; 24 hours, and so forth, time after 
start of ASA administration. 

No. 
of 

volun- 
teers 

Mitotic 
indices* 

Salicylate 
conc. in 
plasma 

(gg/ml) 

No. of 
meta- 
phases 

observed 

Percent- 
age of 
breaks 

Pre 5 43-66 271 2.0 
24 hours 6 31-67 33-94 481 2.0 
72 hours 4 29-53 47-135 125 <0.8 
2nd week 7 44-86 45-139 538 1.7 
3rd week 5 33-60 28-119 300 1.7 
4th week 3 36-57 32-123 200 0.5 
* Number of dividing cells per 1000 cells counted. 

tion of the standard macromethod (7). 
Approximately 5.0 ml of blood were 
removed by venipuncture into hepari- 
nized Vacutainers, the erythrocytes 
were allowed to settle by gravity sedi- 
mentation over a period of 2 to 3 hours 
at room temperature, and all of the 
leukocyte-rich plasma from each sam- 
ple was equally distributed to two cul- 
ture tubes containing 5.0 ml of GIBCO 
(Grand Island Biological Co.) Medium 
IA (approximately 0.5 ml of plasma 
per tube). A blood sample was drawn 
on two occasions prior to the first dose 
of aspirin and at 24, 48, and 72 hours 
after the first dose; thereafter, speci- 
mens were taken at weekly intervals. 
Concentrations of salicylate in plasma 
were determined by the procedure of 
Trinder (8). All cultures from both 
studies were incubated for 72 hours 
at 37?C. Preparation of metaphase 
spreads followed the standard proce- 
dures for leukocyte cultures (9), in- 
cluding a 2.5-hour exposure to Colce- 
mid, hypotonic treatment with calf 
serum diluted 1:5 with distilled water, 
fixation in a mixture of methanol and 
acetic acid, blaze-drying (10), and 
staining with Giemsa. Chromosome 
aberrations were scored according to 
the criteria summarized by several 
workers (11). 

Table '1 summarizes the findings 
after exposures of leukocyte cultures 
to 0.1 to 300 ,ug of ASA per milliliter 
at various time periods. The lower con- 
centrations (0.1 and 1.0 j/g/ml), added 
4 hours before harvesting (T68 ), rep- 
resent an attempt to repeat the work 
of Jarvik and Kato. All other experi- 
ments were designed for exposures of 
72 hours (T,) (that is, for the entire 
incubation period) or for 24 hours 
(T48), in order to uncover both simple 
chromosome breakage as well as any 
exchange figures (dicentrics, tri- and 
quadriradials, and so forth), the latter 
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resulting from multiple breakage and 
fusion of chromosomes in daughters 
of surviving cells undergoing more than 
one division (12). No significant ele- 
vation of simple chromosome aberra- 
tions (breakage) was observed at any 
of the concentrations of ASA tested, 
nor were any complex chromosomal 
rearrangements seen in any culture. 
The percentage of polyploid cells 
(mainly tetraploids) was similar in both 
experimental and control cultures 
(< 1.0 percent). Severe growth in- 
hibition occurred in cultures treated 
throughout the 72-hour incubation peri- 
od with 125 j/g/ml and higher concen- 
trations; consequently, with the excep- 
tion of one culture, exposures to the 
higher doses were restricted to the last 
24 hours of culture (Table 1). A test 
for more subtle statistically significant 
differences was applied according to 
the method of Stevens (13). No dif- 
ferences were revealed. By contrast, in 
preliminary studies with caffeine, con- 
sistent dose-related chromosome dam- 
age was induced in cultures set up 
from the same individuals according 
to the same protocols at concentrations 
of 250 through 2000 ,/g/ml. 

Table 2 gives the results from in- 
dividuals who had been taking 2.4 g 
of aspirin per day (in divided doses) 
for 1 month. No increased chromo- 
some breakage (or other aberration) 
or growth inhibition was observed. De- 
spite the relatively wide range of sali- 
cylate levels (marked variations were 
recorded both between individual sub-. 
jects and between sequential samples 
from each individual), all were above 
the levels used by Jarvik and Kato (1). 

The lack of significant in vitro 
chromosome damage by the exten- 
sively used analgesic acetylsalicylic 
acid over the wide range of concentra- 
tions used in our study indicated that 
this drug cannot be considered danger- 

ous by the leukocyte test system, nor 
can this test be dismissed as being too 
delicate to be of any consequence. In 
vivo cytogenetic testing of ASA has 
not heretofore been reported. How- 
ever, the comparable lack of damage 
to chromosomes, when the same cell 
test system (peripheral leukocytes) is 
used, does not preclude chromosome 
aberration by ASA in other human tis- 
sues not yet sampled, nor its potential 
for mutagenesis, for example, in germ 
cells. Another commonly used sub- 
stance, caffeine, has been estimated to 
be present in human gonadal and fetal 
tissue at levels of 1 jug per milliliter of 
tissue water, the genetic, hazard of such 
chronic exposure being at present un- 
known but still a matter of intense in- 
terest (14). 

Further investigations of acetylsali- 
cylic acid are warranted to remedy the 
paucity of information on its chromo- 
some-damaging and mutagenic poten- 
tial, as well as its metabolism and 
pharmacological action. The question 
of its teratogenicity in man remains 
unanswered; in animal studies, mas- 
sive doses of ASA (toxic equivalents 
in man) fed to rats and mice have 
caused fetal death and resorption, as 
v ell as cleft lip and other malforma- 
tions in two inbred strains of mice 
(15). 

Note added in proof: Recently, 
Meisner and associates (16) reported 
no dose-related chromatid breakage 
after the addition of ASA to contin- 
uous cultures of human skin; 1 week 
after two treatments with 250 /zg/ml, 
a total of 2.3 percent chromosome 
aberrations was recorded (the average 
control value was 1.7 percent). 
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concentrations. 

Studies on the localization of seroton- 
in (1) in brainstem have revealed that 
most of the serotonin and perhaps the 
tryptophan hydroxylase activity is asso- 
ciated with cell bodies, where the en- 
zyme is probably synthesized. Corti- 
costerone, the main component of the 
secretion of rat adrenal glands (2), 
stimulated de novo synthesis of trypto- 
phan hydroxylase in the midbrain when 
injected into bilaterally adrenalecto- 
mized rats (3). In these animals the ac- 
tivity of the midbrain tryptophan hy- 
droxylase was reduced by 75 percent 
when compared with that of sham-oper- 
ated rats (3). Since tryptophan hydroxy- 
lase is the rate-limiting enzyme for sero- 
tonin biosynthesis (4), one might expect 
that adrenalectomy or injections of adre- 
nal corticosteroids should change the 
concentrations of brain serotonin in op- 
posite directions. This prediction is not 
supported by reports which show that 
adrenalectomy can decrease (5), increase 
(6), or leave unchanged (7) whole brain 
serotonin content, while cortisone injec- 
tions can either increase (8) or fail to 
change (9) the brain concentrations of 
serotonin. 
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A discrepancy between turnover rate 
of serotonin and the steady-state con- 
centrations of brain serotonin was re- 
ported following inhalation of 100 per- 
cent oxygen (10) during ether anesthesia 
(10) and after LSD injections (11). 
Therefore, we decided to test whether 
the reported reduction of tryptophan 
hydroxylase in the rat midbrain after 
bilateral adrenalectomy (3) changed the 
in vivo conversion rate of tryptophan 
(TP) into midbrain serotonin and de- 
creased the serotonin concentrations in 
midbrain. We have compared the con- 
version indexes of TP into serotonin 
in brainstem and in telediencephalon 
of sham-operated and adrenalectomized 
rats receiving a pulse injection of 3H-TP. 
This conversion index (CI) was calcu- 
lated as proposed by Sedvall et al. (12) 
from the relationship 

CI _ nc serotonin/g 
nc TP/nmole TP 

where the conversion index has the di- 
mension of nanomoles of serotonin. 
This formula neither corrects for the 
continuous efflux rate of the 3H-sero- 
tonin from brain nor for the rapid 
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changes of the TP specific activity at 
the initial times after labeling (13). Al- 
though the conversion index is not a 
measure of serotonin biosynthesis, a 
comparison of the conversion index in 
different experimental situations may be 
used to approximate whether or not the 
turnover rate of serotonin has changed. 

Male, Sprague-Dawley rats (180 to 
220 g) were bilaterally adrenalectomized 
or sham-operated by Zivic Miller, Pitts- 
burgh, Pennsylvania. The animals were 
housed in large group cages upon de- 
livery and maintained with free access 
to a NaCl solution (0.9 percent) and 
standard lab chow. A pulse intravenous 
injection of 500 ,tc of 3H-L-tryptophan 
per kilogram (5 c/mmole, New Eng- 
land Nuclear Co.) in 10 ml of phosphate 
buffer per kilogram (7.4 pH, 0.2M) was 
made in the afternoon of the tenth post- 
operative day and the rats were decapi- 
tated either 20 or 40 minutes later. 
Sham-operated and adrenalectomized 
rats used as controls received only phos- 
phate buffer. The brain was quickly re- 
moved and dissected into brainstem 
(pons, medulla, and midbrain) and tele- 
diencephalon. The latter included all 
structures anterior to a cut from the 
anterior part of the superior colliculus 
to the posterior edge of the mammillary 
bodies (14). These two brain areas were 
immediately frozen and they were kept 
frozen until assay of the specific activity 
of TP and serotonin (15). Blood was 
collected in-heparinized tubes and im- 
mediately centrifuged to separate the 
plasma where we assayed TP (15) and 
corticosterone concentrations (16). Ra- 
dioactive TP and serotonin were esti- 
mated by liquid scintillation spectrom- 
etry in 2.0-ml aliquots from the aqueous 
phases used to estimate fluorimetrically 
the amine and the amino acid concen- 
trations. 

The average concentration of corti- 
costerone in plasma of sham-operated 
rats was 34.2 jtg/100 ml and that of 
adrenalectomized rats was 2.7 /tg/100 
ml. Adrenalectomized rats with concen- 
trations of plasma corticosterone greater 
than 10 /tg/100 ml were discarded. 

Table 1 lists the concentrations and 
specific activity of TP in plasma, brain- 
stem, and telediencephalon of adrenal- 
ectomized and sham-operated rats 20 
and 40 minutes after the injection of 
3H-TP. The concentration of TP of 
adrenalectomized rats was significantly 
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greater than that of sham-operated rats 
only in the plasma of experiment 2 
(Table 1). 

Following adrenalectomy the decrease 
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In vivo Conversion of 3H-L-Tryptophan into 

3H-Serotonin in Brain Areas of Adrenalectomized Rats 

Abstract. Rats were adrenalectomized 10 days before we estimated in vivo the 
conversion index of SH-tryptophan into radioactive serotonin in brainstem and 
telediencephalon. We found that the conversion index in the brainstem of adre- 
nalectomized rats is smaller than in the same area of sham-operated rats. Con- 
versely, the conversion index in the telediencephalon was similar in the two groups 
of rats. The serotonin concentrations were unchanged by adrenalectomy, which 
suggests that in brainstem the decrease of tryptophan hydroxylase is reflected by 
the conversion index estimation and not by measurement of serotonin steady-state 
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