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Increased oxygen uptake is a feature of DDT poisoning in 
insects. Oxygen uptake increases wi th in e i ther  minutes or hours 
af ter  poisoning depending upon the dosage and par t i cu la r l y  upon the 
route of administrat ion of DDT, 

KOUYOUMJIAN & UGLOW (1974) found that with a freshwater t r i c l ad ,  
Polycelis fe l ina ,  I0 ppm of p,p'-DDT, p,p'-DDD, and p,p'-DDE in 
acetone affected the nervous system as revealed by the onset of 
uncoordinated, loop- l ike,  lateral  movements and the retardation of 
f l ipover  times of these poisoned planarians. In view of th is  
f inding,  i t  might be suspected that ,  with planarians as with insects, 
oxygen uptake increases s i gn i f i can t l y  fol lowing DDT poisoning. 

The present work reports the effects of DDT and two of i t s  
metabolites (DDD and DDE) on the oxygen uptake in another freshwater 
planarian, Phagocata g rac i l i s .  

MATERIALS AND METHODS 

All planarians were collected from a spring-fed stream located 
in an abandoned limestone quarry alongside State Road 141 south of 
the dam at Center Hi l l  Reservoir near Smithvi l le in Dekalb County, 
Tennessee. Planarians were sustained in enamel pans containing pond 
water maintained at 20~ and fed beef l i ve r  weekly. Af ter  each 
feeding, planarians were transferred to enamel pans containing fresh 
water. Planarians were kept in the laboratory for  at least one week 
pr ior  to being used in a test  series. 

The f i r s t  test  series was to determine the ef fect  of beef l i ve r  
and beef l i ve r  perfused with corn o i l  on the oxygen uptake. For 
th is  test  series 45 planarians were selected and separated into nine 
groups (three control groups and s ix test  groups) of f i ve  worms each. 
Each of these nine groups was placed in separate glass culture dishes 
containing pond water and starved for seven days. On the eighth day, 
the test  groups received about 1 g of beef l i ve r  that was ei ther  
untreated or perfused with corn o i l .  Following 1 h of feeding, the 
six test groups together with the three control groups were trans- 
ferred to Warburg vessels for measurement of oxygen uptake on a 
Warburg respirometer (UMBREIT et al. 1964). Oxygen uptake was 
measured for 3 h at 30-min in tervals  at 20~ without agi tat ion.  
Each group was returned to i t s  respective culture dish unt i l  assayed 
again at 6, 12, 24, 48, 72, and 96 h af ter  treatment. 
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The second test  series was to determine the ef fect  of DDT, DDD, 
and DDE on the oxygen uptake. For each test  series 60 planarians 
were selected and separated into 12 groups (three control groups and 
nine test  groups) of f i ve  worms each. Each of these 12 groups was 
placed in separate glass culture dishes containing pond water and 
starved for  seven days, On the eighth day, each group received 
about 1 g of beef l i ve r  perfused with corn o i l .  The test  groups 
received beef l i ve r  perfused with corn o i l  containing I0 ppm of 
p,p'-DDT, p,p'-DDD, or p,p'-DDE. Af ter  1 h of feeding, the 12 
groups of planarians were transferred to Warburg vessels for  
measurement of oxygen uptake. Oxygen uptake was measured for 3 h 
at 30-min in terva ls  at 20 C without ag i ta t ion.  Each group was 
returned to i t s  respective culture dish unt i l  assayed again at 6, 
12, 24, 48, 72, and 96 h af ter  treatment. Both test  series were 
repeated four times. 

Protein determinations were by the method of LOWRY et al .  
(1951). S ta t i s t i ca l  analysis was by Duncan's Mul t ip le Range Test. 

RESULTS 

Data presented indicate that  60-min exposure of P. g rac i l i s  
to beef l i v e r  perfused with I0 ppm of p,p'-DDD, or p,p'-DDE in corn 
o i l  did not produce symptoms of DDT poisoning as reported by 
KO~IYOUMJ!AN & UGLOW (1974). There was no mor ta l i t y  in any of the 
groups used in th is  study. 

Oxygen uptake of planarians fed beef l i v e r  s i gn i f i can t l y  
increased to 23.5 + 0.I  ul 02/mg protein/h,  6 h af ter  feedings, 
(Table I ) .  Peak uptake was 1.3 times the basal value 6 h af ter  

Table I .  Oxygen uptake in P. ~ rac i l i s  fol lowing feeding of beef 
l i ve r  perfused with corn o i l .  

Hours af ter  ul 02/mg protein/h 
feedings Basal a Liver a Liver + o i l  a 

3 18.4 + 0.4 23.4 + 0 . I * *  25.5~+ 0 . I * *  

6 18.5 + 0.6 23.5 + 0.2** 24.6 + 0 . I * *  

12 18.1 + 0.6 22.8 + 0.3** 23.4 + 0.3** 

24 19.3 + 0.6 22.8.+ 0.4** 22.6 + 0.2** 

48 17.9~+ 0.4 21.6 + 0.3** 22.0 + 0.2** 

72 17.6 + 0.3 20.2 + 0.2** 20.9 + 0.2** 

96 17.2 + 0.3 20.2 + 0.2** 19.2 + 0.2** 

S ign i f i cant  dif ference at p=O.05 (*) and p=O.Ol ( * * ) .  

asample size is nine groups of f i ve  worms each. 
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feedings, and then decl ined, f a l l i n g  to 1.2 and I . I  times the basal 
values 24 and 72 h a f te r  feedings, respect ive ly .  Mean values of 
to ta l  oxygen uptake were 22.1 + 0.2 and 18.2 + 0.5 ul 02/mg pro te in /h  
for  l i v e r , t r e a t e d  and control  groups, respect ive ly .  Planarians fed 
beef l i v e r  perfused with corn o i l  s i g n i f i c a n t l y  increased the i r  
oxygen uptake above the basal level to 25.5..+ 0.I  ul 02/mg pro te in /h ,  
3 h a f te r  feedings. Oxygen uptake peaked a t - l . 4  times the basal 
value 3 h a f te r  feedings, and then decl ined, f a l l i n g  to 1.3, 1.2, and 
I . I  times the basal values 6, 24, and 96 h a f te r  feedings. Mean 
values of to ta l  oxygen uptake in o i l - t r e a t e d  groups were 22.6 + 0.2 
ul 02/mg pro te in /h  and in control  groups 18.1 + 0.5 ul 02/mg - 
pro te in /h ,  

There was no s i g n i f i c a n t  d i f ference over a 96-h period between 
the oxygen uptake in planarians fed beef l i v e r  perfused with 
p,p'-DDT in corn o i l  and planarians fed beef l i v e r  perfused with 
corn o i l  (Table 2). Mean values of to ta l  oxygen uptake in DDT- 

Table 2. Oxygen uptake in P. g r a c i l i s  fo l lowing feeding of beef 
l i v e r  perfused with I0 ppm p,p',DDT in corn o i l .  

Hours a f te r  feedings 

ul 02/mg pro te in /h  

L iver  + o i l  a L iver  + o i l  + DDT a 

3 23.5.+ 0.I  23.3 + 0.I  

6 24.6 + 0.I  24.3 + 0.2 

12 23.4 + 0.3 23.5 + 0.2 

24 22.6 + 0.2 22.5 + 0.2 

48 22.0 + 0.2 22.1 + 0.I 

72 20,9 + 0.2 20.3 + 0.2 

96 19 .9+  0.2 19.5 + 0.2 

S ign i f i can t  d i f ference at p=O.05 (*) and p=O.Ol ( * * ) .  

asample size is  nine groups of f i ve  worms each. 

treated and control  groups were 22,2 + 0.2 and 22.42 + 0.2 ul 02/mg 
pro te in /h ,  respect ive ly .  - - 

Oxygen uptake in planarians fed beef l i v e r  perfused with 
p,p'-DDD in corn o i l  was not s i g n i f i c a n t l y  d i f f e ren t  over a 96-h 
o i l  (.Table 3), Mean values of  to ta l  oxygen uptake in DDD-treated 
groups were 22.2 + 0, I  ul 02/mg pro te in /h  and in control  groups 
22~5 ~ 0.2 ul 02/~g pro te in /h .  

Planarians fed beef l i v e r  perfused wi th p,p'-DDE in corn o i l  
did not increase t he i r  oxygen uptake s i g n i f i c a n t l y  above that  in 
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Table 3, Oxygen uptake in P. g r a c i l i s  fo l lowing feeding of  beef 
l i v e r  perfused with I0 ppm of p,p'-DDD in corn o i l .  

Hours a f te r  feedings 

ul 02/mg prote in /h  

L iver  + o i l  a L iver  + Oil + DDD a 

3 23.5 + 0.I 23.5 + 0.I 

6 24.6 + 0.2 24.3 + 0.I 

12 23.6 + 0.2 23 .3+  0.I 

24 23.2 + 0.3 22.6 + 0.2 

48 22.0 + 0.2 21.8 + 0.I 

72 20.9 + 0.2 20.8 + 0.2 

96 19.7 + 0.2 19.4 + 0.I 

S ign i f i can t  d i f ference at p=O.05 (*)  and p=O.Ol ( * * ) .  

aSample size is  nine groups of f i ve  worms each. 

planarians fed beef l i v e r  perfused with corn o i l  (Table 4). Mean 
values of  to ta l  oxygen uptake were 22.1 + 0.2 and 21.9 + 0.2 ul 
02/mg pro te in /h  for  DDE-treated and control groups, respect ive ly .  

Table 4. Oxygen uptake in P. g r a c i l i s  fo l lowing feeding of beef 
l i v e r  perfused with I0 ppm ~,p'-DDE in corn o i l .  

Hours a f te r  feedings 

ul 02/mg prote in /h  

L iver  + o i l  a L iver  + o i l  + DDE a 

3 23.2 + 0. I 23.1 + 0.I 

6 23.9 + 0.2 24.0 + 0.2 

12 23.2 + 0.2 23.3 + 0.2 

24 22.0 + 0.2 22.4 + 0.I 

48 21.3 + 0.3 22.1 + 0.I 

72 20.1 + 0.3 20.3 + 0.2 

96 19.7 + 0.3 19.4 + 0.2 

S ign i f i can t  d i f ference at p=O.05 (*)  and p=O.lO ( * * ) .  

asample size is nine groups of f i ve  worms each. 

DISCUSSION 

The three most common transformations of DDT are dehydrochlor i -  
nation to DDE, oxidat ion to d icofol  and other compounds, and 
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reductive dechlorination to DDD. Not al l  of these transformations 
are, however, detoxifying. KOUYOUMJIAN & UGLOW (1974) found, for 
example, that p,p'-DDD was more toxic to the freshwater planarian, 
P. fe l ina,  than p,p'-DDT; the LC50 (mean lethal concentration) 
values approximated a 4:3 rat io of tox ic i ty  for p,p'-DDT and 
p,p'-DDD, respectively. PHILLIPS et al. (1974) reported, however, 
that with another freshwater planarian, Phagocata velata, p,p'-DDT 
was detoxified into p,p'-DDD and p,p'-DDE-with no ~ e  effects 
on this species; reductive dechlorination of DDT to DDD was the major 
metabolite. With the exception of the reductive dechlorination pro- 
duct DDD, al l  of the metabolites of DDT so far ident i f ied in lower 
organisms such as planarians are less acutely toxic than DDT. 

The data presented indicate that 60-min exposure of P. g rac i l i s  
to beef l iver  perfused with I0 ppm of p,p'-DDT, p,p'-DDD, or p,p'-DDE 
in corn oi l  was not toxic to this species. I t  is possible, there- 
fore, that P. grac i l is  possesses a microsomal enzyme system capable 
of degrading DDT into DDD and DDE by reductive dechlorination and 
dehydrochlorination, respectively. Involvement of such a system in 
the transformation of DDT into DDE in P. velata was suggested by 
PHILLIPS et al. (1974) and confirmed by BA-C-DI~lq& WELLS (1978), who 
reported that 60-min exposure of P. velata to I0 ppm of p,p'-DDT in 
corn oi l  activated NADH-cytochrome b5r---rTdu-ctase; the ac t iv i ty  of 
NADH-cytochrome b 5 reductase was inversely related to DDT concentra- 
t ion. 

I t  is also conceivable that P. grac i l i  s fai led to accumulate 
within 60 min suf f ic ient  amounts o--f DDT, DDD, or DDE to produce 
toxic effects. Longer exposure of P.~gracil is to DDT and i ts  
metabolites could perhaps resul t  i n - t h ~ p  of dangerously toxic 
leyels in i ts  adipose tissue. Storage of these l iposoluble com- 
pounds in this tissue would prevent their  immediate release and 
diffusion into:surrounding tissues, their  excretion, and thei r  
metabolism. Under conditions of stress such as starvation, low 
temperatures, etc. ,  P. grac i l is  would, however, mobilize fat 
reserves for energy,--resulting in the release and dif fusion of these 
compounds from their  storage sites into various tissues, and in the 
subsequent r isk  of tox ic i ty .  This hypothesis could perhaps explain 
the findings of KOUYOUMJIAN & UGLOW (1974), who found that, despite 
a re lat ive ly  high resistance of P. fel ina to organochlorine 
insecticides, prolonged starvation combined with 96-h exposure of 
this planarian to I0 ppm of p,p'-DDE, p,p'-DDT, and p,p'-DDD in I% 
acetone resulted in 92, 96, and 100% morta l i t ies,  respectively. In 
a preliminary study, we observed that exposure of P. grac i l is  to I% 
acetone resulted in 100% mortal i t ies.  The death oTthese p ianarians 
appeared to fol low the same general pattern as exhibited by 
P. fe l ina, consisting of a short period in the contracted state, 
f o l ~ b y  a series of uncoordinated, loop- l ike,  lateral movements 
(KOUYOUMJIAN & UGLOW 1974). 
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