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Abstraet--Paraquat and diquat have been shown to stimulate the production of 14CO2 from [I-~4C]- 
glucose by slices of rat lung, but not the production of 14CO2 from [6-~4C]glucose. This indicates 
stimulation of the pentose phosphate pathway. Paraquat was effective at concentrations as low as 
7.5 × 10-TM whilst a concentration of diquat of 10 S M was required for comparable stimulation. 
Maximal stimulation occurred with approximately 10- 5 M paraquat and approximately 10 -4 M diquat. 
The stimulation of pentose phosphate pathway in lung slices by paraquat has been shown to be 
related to paraquat accumulation. 

Lung slices from rats dosed intravenously with 65 #moles of either paraquat or diquat/kg body wt 
had increased pentose phosphate pathway activity compared with slices from saline injected controls. 
At all times studied from 0.5 to 18hr after injection, pentose phosphate pathway activity in slices 
from diquat poisoned rats was equal to or greater than that observed in slices from paraquat poisoned 
rats. Since only rats dosed intravenously with paraquat subsequently develop lung damage, it is con- 
cluded that there is no simple relationship between stimulation of the pentose phosphate pathway 
in lung and the production of lung damage. 

Paraquat (1,1'-dimethyl-4,4'-bipyridilium) and diquat 
(1,1'-ethylene 2,2'-bipyridilium) are closely related 
bipyridylium herbicides which can be reduced to free 
radicals, stable in the absence of oxygen [1,2]. In the 
presence of oxygen these radicals are rapidly reoxi- 
dized to the parent cations with production of super- 
oxide radical ion (O F) and hydrogen peroxide [3, 4]. 
Paraquat and diquat are reduced by photosystems 
present in the green leaves of plants, and cyclic redox 
reactions then lead to production of reactive oxygen 
species which are thought to be the molecules respon- 
sible for herbicidal activity of the bipyridyls [5]. 

Paraquat and diquat are also toxic to mam- 
mals [6, 7]. Following paraquat administration to rats 
the organ most severely affected is the lung [6, 8], 
whereas following diquat administration the lung 
appears undamaged [7; Smith and Rose, unpublished 
work]. It has recently been suggested that the speci- 
ficity of paraquat for the lung is due to selective ac- 
cumulation of paraquat by this organ [9]. 

Both paraquat and diquat can be reduced to free 
radicals by homogenates of liver, kidney or 
lung [10, 11]. The reduction of paraquat or diquat by 
liver homogenates has been shown to be dependent 
on a cytoplasmic enzyme and NADPH, and marked 
stimulation of NADPH oxidation accompanies the 
cyclic oxidation and reduction of both bipyri- 
dyls [10]. Incubation of lung slices with paraquat has 
also been reported to result in increased metabolism 
of glucose by the pentose phosphate pathway [12]. 
It has therefore been suggested that, as in plants, the 
mammalian toxicity of paraquat is related to its cyclic 
oxidation and reduction within cells with resultant 
production of reactive species of oxygen 
[10, 12,14,15]. In the work reported here, the 
effect of both paraquat and diquat on the oxidation 

of glucose via the pentose phosphate pathway in lung 
has been examined in order to determine the relation- 
ship between redox reactions and accumulation of 
paraquat by lung and subsequent production of lung 
damage. 

MATERIALS AND METHODS 

Materials. Paraquat dichloride and diquat dichloride 
monohydrate were obtained from Plant Protection 
Division, Jealott's Hill Research Station, Berks. 
[Methyl-14C]paraquat (30 mCi/m-mole), [ethy- 
lene-14C]diquat (30mCi/m-mole), [1-14C]glueose 
(3mCi/m-mole), [6-14C]glucose (3 mCi/m-mole), 
[14C]Na2CO3 (ll/~Ci/ml; 14C reference solution), 
[hydroxymethy1-14C]inulin (12 mCi/m-mole), [3HI- 
inulin (690mCi/m-mole) and [3H]water (5 mCi/ml) 
were all purchased from the Radiochemical Centre, 
Amersham. Imipramine hydrochloride was obtained 
from Geigy Pharmaceuticals, Macclesfield, Cheshire 
and inulin (purified, 10~,o solution) was purchased 
from Thomas Kerfoot and Company Limited, Lan- 
cashire. 

Animals. Male, Alderley Park (Wistar derived) spe- 
cific pathogen-free rats (body wt 180-220 g) were used 
throughout. 

Measurement of  x4CO2 production. Slices of rat lung 
were prepared as described previously [16] and incu- 
bated in 3 ml of a modified Krebs-Ringer phosphate 
medium [9] containing glucose ( l l  mM) and l pCi of 
either [1-14C]glucose or [6-14C]glucose. Incubation 
was carried out under air in respirometer flasks in 
a shaking water bath at 37 °. 14CO2 was trapped in 
0.2 ml of KOH (20~o, w/v) placed in the centre well 
of the flask together with a 2-cm square of hard filter 
paper (Whatman No. 542) to facilitate absorption. 
After incubation, the filter paper and KOH were 
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Table 1. The effect of paraquat and diquat in vitro on the 
oxidation of glucose by slices of rat lung 

Dpm of '4C02/lOOmg slice 

[ [ t %C]glucose [6-14CJglucose 

Control slices 4250 ± 428(3) 1900 _+ 268(31 
Diqua! 0 0  ~ M) 4670++ + 653131 181(15 ± 233(31 
I)iquat (10 s M) 887(1"* + 565131 2130++ ± 27(31 
Diquat (I(V ~4 MJ 16700** ± 2230(6) 1960+ + 370(5) 
Paraqual 110 ~' M~ 7800* _+ 1662(31 22305 ± 211(31 
Paraquat (10 s M) 1450(}** + 2595(3) 1640+ + + 357(31 
Paraquat (10 a MI 12800** + 167(X6) 2310++ + 380161 

Slices of rat lung were incubated with the indicated con- 
centration of bipyridyl and 14CO2 production from either 
[1-t4C]glucose or [6-14C]glucose measured for 1 hr. 

* significantly different from control, 0.05 > P > 0.02 
** significantly different from control, P<  0.01 
:~ not significantly different from control, P> 0.05 
The values given are mean _+ S.E.M. with the number 

of determination in parentheses. 

transferred to plastic scintillation vials containing 
1.0ml of water, and 15 ml Instagel scintillator (Pac- 
kard Instrument Company Limited) was added. The 
radioactivity was measured using a liquid scintillation 
spectrometer and the efficiency of counting deter- 
mined by the use of standard [14C]Na2CO3 placed 
on filter paper and processed in an identical way to 
the samples. 

Measurement of  paraquat accumulation in lung 
slices. Paraquat accumulation in lung slices was 
measured as described previously [16]. 

Measurement of  spaces in rat lung slices. Slices of 
rat lung were incubated (with shaking at 37 ° ) with 
3 ml of Krebs~Ringer phosphate containing glucose. 
Combinations of 0.1/~Ci of [3H]water, [3H]inulin, 
[hydroxymethyl-14C]inulin and [ethylene-14C]diquat 
were added to the medium such that the ratio in the 
slices of [3H]inulin to [14C]inulin, I-3H]water to 
[~4C]inulin, [ethylene-~4C]diquat to [3H]water and 
[ethylene-14C]diquat to [3H]inulin could be meas- 
ured. The inulin space was shown to remain con- 
stant over a range of inulin concentrations (approx 

5 X 10 -7 -- 4 X 10- 4 M). The concentration of diquat 
in the incubation medium was 10 -5 M. After incu- 
bation, excess medium was removed from the slices 
by wiping on a clean glass plate, the slices dissolved 
in 1.0ml soluene (Packard Instrument Company 
Limited) and 10 ml Dimilume Scintillator (Packard 
Instrument Company Limited) added. Medium 
(0.1 ml) was added to water (0.9 ml) and 10 ml Instagel 
scintillator added. ~4C and 3H radioactivity were 
determined on the same sample using two channels 
on a liquid scintillation spectrometer. Efficiency of 
counting was determined by addition of internal ~4C 
and 3H standards. Since the space found in slices for 
3H-labelled inulin was consistently higher (14 per 
cent) than that found for ~4C-labelled inulin, an 
appropriate correction factor was applied so that the 
results are expressed as those for a4C-inulin. 

R E S U L T S  

Neither paraquat nor diquat significantly altered 
the oxidation of [6-14C]glucose by rat lung slices at 
concentrations of between 10 - 6  and 10 - 4 M  (Table 
1). However, paraquat stimulated the production of 
14CO2 from [1-14C]glucose at all concentrations in 
this range whereas diquat did not stimulate at 
10 6 M  (Table 1). Maximal stimulation of [1-1aC]- 
glucose oxidation occurred with 10-5M paraquat and 
1 0 - 4 M  diquat (Table 1). 

Slices were initially incubated with paraquat at 
7.5 x 10 -7 M. After different periods of incubation 
up to 3 hr, they were transferred to fresh media in 
the absence of paraquat, and the production of 14COz 
from [1-14C]glucose measured for 1 hr. Paraquat was 
accumulated linearly with time during the 3 hr of in- 
itial incubation and the amount  of 14COz produced 
in the second incubation also increased (Table 2A). 
The experiment was repeated using 10- 5 M paraquat, 
a concentration which appeared to stimulate maximal 
'4CO2 production from [1-14C]glucose (Table i). 
With this concentration of paraquat, the paraquat in 
the slices increased with time as before, whilst the 

Table 2. The relationship between paraquat accumulation by rat lung slices and the 
stimulation of the pentose phosphate pathway 

A* '4CO2 Produced during 1 hr 
Time of initial incubation paraquat in slice incubation 

(hr) (nmolcs/g wet wt) (dpm/100 mg slice) 

(1.5 1.4121 1010(X21 
1.0 2.8 _+ 0.313I 137O0 ± 110013) 
1.5 3.7 ± 0.4131 11100 ± 6(1(1131 
2.11 5.0 _+ 0.7131 16000 + 140(X31 
3.(1 7.3 ± 0.S(3) 18000 ± 200(3) 

B+* 

O.5 21.7121 28200(21 
1.0 38 + 7131 31300 + 5200(3) 
1.5 53 ± 4(31 29400 _+ 200(X3) 
2.(1 68 _+ 4(3) 315(10 + 1500(3) 
3.0 92 ± 4(3) 2840(I + 64000) 

Slices of rat lung were incubated either with 7.5 x 10 -7 M paraquat (A) or 10 -5 M 
paraquat (B) for up to 3 hr. Slices were removed at intervals and the paraquat present 
measured as described in the Methods section, or they were transferred to fresh 
medium and t4COz production from El-14C]glucose measured for 1 hr. 

* Concentration of paraquat in the incubation medium was 7.5 x 10-TM 
:~ Concentration of paraquat in the incubation medium was 10 -5 M. 
The values given are means + S.E.M. with the number of determinations in paren- 

theses. 
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Table 3. The effect of imipramine on the rate of [1-t4C]- 
glucose oxidation in the presence or absence of paraquat 

or diquat 

Rate of ~4CO2 production 
Idpm/100 mg slice/hr) 

A B 
[ - imipramine) I + imipraminel  

Control  10.900 12.201) 
Diquat [10 -5 M) 14,400 14.900 
Paraquat [10 -6 M) (aJ 19.200 I 1,700 

{bl 31.500 23200 

Slices of rat lung were incubated in the presence or 
absence of imipramine (10 -4 M) and the production of 
t4CO2 from [l-14C]glucose measured after 0.5, 1 and 2 hr 
of incubation. Two slices were used at each time point. 
The values for the rate of t4CO2 production were then 
derived from the fitting of best straight lines to these data. 
In separate experiments, the rate of paraquat accumulation 
under identical conditions was inhibited 45 and 44 per 
cent. 

amoun t  of t4CO2 produced in the second incubat ion 
remained constant  (Table 2B). 

When  imipramine ( 1 0 - 4 M ) w a s  included in the in- 
cubat ion medium with paraqua t  (10-6M) ,  the 
a m o u n t  of 1 4 " C O 2  produced from [1-x4C]glucose was 
reduced, as was the accumulat ion of paraqua t  into 
the slices (Table 3). This concentra t ion  of imipramine 
had  no effect on  the ~4CO2 product ion from 
[1-~4C]glucose by control  slices, or slices in the pres- 
ence of diquat  (10-s  M) (Table 3). 

The penetration of diquat into slices of rat lung. The 
total  water, inulin and  diquat  spaces in rat  lung slices 
were measured during 4 hr of incubat ion in the pres- 
ence of diquat. The total water and  inulin spaces did 

not  alter during the incubat ion but  the amount  of 
diquat  associated with the slices increased with time 
(Table 4). If the difference between the total water 
space and inulin space is defined as 'qntracellular" 
water, and  the difference between the total  diquat  
space and  inulin space is defined as "intracellular" 
diquat, then it can be seen that  diquat  takes more 
than 4 h r  to equilibrate with the total tissue water 
(Table 4). A first order plot of the data of Table 4 
gives an approximate  half-time for equil ibration of 
80 min. 

The effect of paraquat or diquat administered intra- 
venously to rats on the oxidation of [6-t4C]glucose and 
[1-t4C]ylucose by lung. Intravenously administered 
paraquat  or diquat  had no effect on the product ion 
of 14COz from [6-14C]glucose by rat lung slices taken 
at times between 0.5 and 18 hr after dosing (Table 
5). However, the product ion of 14CO2 from [1-~4C]- 
glucose was markedly increased at all time intervals 
studied with lung slices taken from both  paraquat  
and diquat poisoned rats (Table 6). 

The effect of paraquat or diquat administered orally 
to rats on the oxidation of [1-t4C]glucose by lung. As 
with intravenously administered bipyridyl, there was 
no observed effect on the product ion of 14CO2 from 
[6-14C]glucose by lung slices from poisoned animals 
at 4, 24 or 30 hr after dosing. However, the produc- 
tion of 14CO2 from [1-~4C]glucose was very signifi- 
cantly elevated at all times following paraqua t  and 
somewhat  elevated at 24 and 30 hr following diquat 
(Table 7). 

D I S C U S S I O N  

The consequence of intracellular reduction of para- 
quat and diquat. Both paraqua t  and diquat  can be 

Table 4. Water, inulin and diquat spaces in slices of rat lung 

Time of incubation Total  water Total  diquat space "'lntraccllular"* "'lntracellular"** 
(hr) space Inulin space Iml/g wet wt slicel water space diquat space 

0.5 0.71 +_ 11.01112} 0.35 4-_ 0.01112) 0.52 +_ 11.02[18) 0.36 017 
2,0 0,64 + 0.0116) 0.34 + 0.0116) 0,53 -- 0.01(12) 0,30 (119 
4.0 0.70 _+ 0.01021 0.40 4-_ 0.02(12) 0.66 + 0.03(121 0.31) 11.26 

Slices of rat lung were incubated as described in the Methods section, for up to 4hr. The values given in the 
table are the ratios of the amounts of tritiated water, inulin or diquat in the slice to the amount present in an equivalent 
wt of medium. 

* The "intracellular" water space is defined as (total water space - inulin space). 
** The "intracellular" diquat space is defined as (total diquat space - inulin space). 
The values given are means + S.E.M. with the number of determination in parentheses. 

Table 5. The oxidation of [6-14C]glucose by lung slices from rats injected intra- 
venously with paraquat, diquat or saline 

Time after dosing Saline iniected Paraquat iniected 
(hr) (dpm/100 mg lung slicc~ l)iqt~at injected 

0.5 1750 + 170{14) 1810" _+ 256(6~ 13(g)* _4_ 90161 
4.0 2290 _+ 127112) 2150" + 23116~ 2750* +_ 27015) 

18.0 1780 + 167112) 2190" + 594(6) 17111" + 227151 

Fed rats were injected intravenously with 65/~moles/kg body wt of either paraquat 
or diquat, or injected with an equivalent volume of isotonic saline. They were killed 
at the intervals shown, the lungs removed and slices prepared as described in the 
Methods section. The production of t4CO2 from [6-t4C]glucose by the slices was 
then measured for l hr. 

* Not significantly different from saline injected (P > 0.05) 
The values given are means + S.E.M. with the number of determinations in paren- 

theses. 
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Table 6. The oxidation ofl-l-~*C]glucose by lung slices from rats injected intra- 
venously with paraquat, diquat or saline 

Time after dosing Saline in iected Paraquat injected Diquat injected 
(hr) (dpm/100 mg lung slice) 

{).5 3020 +_ 362115) 7700** + 100016) 7620** + 72218) 
4.0 4290 + 353111) 6510"* _+ 47516) 10800** ± 179(5) 

180 24°,0 + 167111) 3440* _+ 457(6) 5100"* ± 975(5) 

Fed rats were injected intravenously with 65 ,umoles/kg body wt of either paraquat 
or diquat, or injected with an equivalent volume of isotonic saline. They were killed 
at the intervals shown, the lungs removed and slices prepared as described in the 
Methods section. The production of 14CO2 from [1-1*C]glucose by the slices was 
then measured for 1 hr. 

* Significantly different from saline injected 0.05 > P > 0.02 
** Significantly different from saline injected P < 0.01 
The values given are means + S.E.M. with the number of determinations in paren- 

theses. 

reduced to their free radicals by enzymes present in 
the cytoplasm of cells[10, 11]. This reduction is 
coupled to the oxidation of N A D P H  [10]. The reduc- 
tion of paraquat or diquat intracellularly would, 
therefore, be expected to raise the N A D P  + level and 
thus increase the activity of the pentose phosphate 
pathway [17] in order to generate more N A D P H  for 
vital cell processes such as protein synthesis [18]. 

The stimulation of the pentose phosphate pathway 
in rat lung slices by paraquat and diquat in vitro. Since 
the production of '4CO1 from [6-14C]glucose by 
slices of rat lung was unaffected by incubation with 
a range of concentrations of either paraquat or diquat 
(Table 1), the glycolytic pathway in the lung appears 
to be unaffected by the bipyridyls and the increased 
production of 14CO2 from [1-14C]glucose (Table 1) 
can, therefore, be taken as an indication of an increase 
in the activity of the pentose phosphate pathway. This 
increase in activity suggests that both paraquat and 
diquat penetrate the cells of lung slices and undergo 
cyclic oxidation-reduction reactions which result in 
oxidation of NADPH.  These observations confirm 
previous findings [12] using relatively high concen- 
trations of paraquat. In our experiments, maximal 
stimulation of CO2 production occurred with 10- 5 M 
paraquat or 1 0 - 4 M  diquat but the maximal rates 
observed were not the same in different experiments 
(c.f. Tables 1 and 2B). This discrepancy was possibly 
due to differences in the nutritional states of the ani- 
mals used, as the activity or both the glycolytic and 
pentose phosphate pathway in lung slices were 
affected markedly by starvation (c.f. Tables 5, 6, with 
7). 

Although previous work has shown that diquat is 
reduced more rapidly in broken cell preparations 
than p a r a q u a t [ l l ]  and that diquat stimulates 
N A D P H  oxidation in liver homogenates at concen- 
trations an order of magnitude lower than para- 
quat [10], we have shown that paraquat stimulates 
the pentose phosphate pathway in lung slices in vitro 
at much lower concentrations in the incubation 
medium than diquat (Table 1). The explanation for 
this difference probably resides in the intracellular 
concentrations of the compounds achieved during the 
incubation. Paraquat is accumulated by an energy- 
dependent process into slices of rat lung whereas 
diquat is not [9, 16]. Diquat has been shown to dif- 
fuse into lung slices (Table 4) with a half-time of ap- 
proximately 80 min and as a consequence, the concen- 
tration inside cells will only slowly approach that of 
the medium during the incubation. With low concen- 
trations of diquat in the medium, therefore, (e.g. 
10 - 6  M) there will be insufficient present inside cells 
to stimulate the pentose phosphate pathway signifi- 
cantly[10].  A similar diffusion process can be 
assumed to occur with paraquat at low concen- 
trations (7.5 × 10- 7 M) but the accumulation of para- 
quat can be seen to lead to a 4-fold increase in the 
amount  present in the whole slice when compared 
with that of medium (Table 2A). However, it has been 
suggested that the type I and II alveolar epithelial 
cells are responsible for the accumulation of paraquat 
into lung [19]. These cells will only represent a small 
proportion of the wet weight of the lung slice. In con- 
sequence, the concentration of paraquat in these cells 
will be very much higher than that in the whole slice, 

Table 7. The oxidation of [l-t4CJglucose by lung slices from rats given paraquat 
or diquat orally 

Time after dosing Control Paraquat Diquat 
(hr) (d.p.m./100 mg hmg slice) 

4. 6410 + 240112) 11.200"* + 1100(6) 67405" + 225(6) 
24 4140 + 230(12) 11.300"* + 620(6) 5170" + 240(3) 
30 5100 + 320112) 13,1100'* _+ 769(6) 8040** + 818(6) 

Rats were starved for 24 hr before being dosed orally with 680#moles of either 
paraquat or diquat/kg body wt. They were killed at the intervals shown, the lungs 
removed and slices prepared as described in the Methods section. The production 
of 14CO2 from [l-laC]glucose by the slices was then measured for 1 hr. 

* Significantly different from control 0.05 > P > 0.02 
** Significantly different from control P < 0.01 
"I" Not significantly different from control P > 0.05 
Values given are means _ S.E.M. with the number of determinations in parentheses. 
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perhaps by a factor as large as 10, and will therefore 
be more than sufficient to stimulate the pentose phos- 
phate pathway. 

That accumulation of paraquat is related to stimu- 
lation of the pentose phosphate pathway is indicated 
(a) by the increase in 14CO2 production from 
[1-1~C]glucose seen as paraquat is accumulated from 
a very low concentration in the medium (Table 2A) 
and (b) by the inhibition of stimulation seen when 
imipramine, an inhibitor of paraquat accumulation, 
is present in the incubation medium (Table 3). It is, 
therefore, possible to speculate that the compartment 
accumulating paraquat is cytoplasmic since once 
accumulated, the paraquat undergoes cyclic oxida- 
tion-reduction with resultant oxidation of cellular 
NADPH. 

The relevance of  stimulation of  the pentose phosphate 
pathway to lung damage. The production of 14CO2 
from [6-~4C]glucose by lung slices taken from rats 
injected intravenously with 65 #moles of either para- 
quat or diquat/kg body wt was not different from 
that of saline injected controls (Table 5), whereas the 
production of 14CO2 from [1-~4C]glucose was signifi- 
cantly elevated (Table 6). Thus the pentose phosphate 
pathway in the lungs of both paraquat and diquat 
poisoned rats is stimulated. The stimulation was more 
marked in slices from diquat poisoned rats, particu- 
larly 4 and 18 hr after dosing (Table 6). This indicates 
that following intravenous dosing of 65 #moles of 
either paraquat or diquat/kg body wt, sufficient para- 
quat or diquat has entered lung cells to have under- 
gone cyclic redox reactions and to have led to oxi- 
dation of NADPH and consequent stimulation of the 
pentose phosphate pathway. However, whereas this 
dose of paraquat leads to extensive lung damage 
(Smith and Rose, unpublished work) this dose of 
diquat does not damage the lung (Smith and Rose, 
unpublished work). Thus there is no simple relation- 
ship between stimulation of the pentose phosphate 
pathway (and by implication, free radical generation) 
and lung damage. 

When rats were dosed orally with paraquat or 
diquat, stimulation of the pentose phosphate pathway 
was shown to be more marked in the lungs of para- 
quat poisoned rats than in those of diquat poisoned 
rats (Table 7) which is the reverse of that observed 
following intravenous dosing. Since blood concen- 
trations of the bipyridyls are very tow after oral dos- 
ing[9], the diffusion-controlled concentration of 
diquat in lung will consequently be low. However, 
paraquat is accumulated into the lung under these 
conditions [9, 20], which would explain the observed 
stimulation of the pentose phosphate pathway. 

It is clear, therefore, that both paraquat and diquat 
can enter lung cells and can stimulate the pentose 
phosphate pathway. This, in turn, can be taken to 
indicate that both are undergoing catalytic oxidation 
and reduction through their respective free radicals. 
This process results in the oxidation of NADPH and 
also the production of reactive species of oxygen 1-21]. 
However, since there is no damage to the lung follow- 

ing intravenous administration of diquat to rats, when 
there is clear evidence for free radical generation, it 
must be presumed that generation of those radicals 
per se is not sufficient to cause general cell damage. 
It is possible, however, that radical generation in the 
cell type which accumulates paraquat (i.e. alveolar 
epithelial type I and II cells)[19] is responsible for 
damage to those cells. Alternatively, the accumulation 
of paraquat by certain cells may lead to exceptionally 
high intracellular concentrations of paraquat which 
may lead to such fast rates of NADPH oxidation that 
cell death results from an inability of the cells to 
maintain normal levels of NADPH and ATP. This 
latter hypothesis, which does not require damage to 
the cell from superoxide, hydrogen peroxide or singlet 
oxygen, might explain why it has proven difficult to 
demonstrate lipid peroxidation in lung following par- 
aquat [14]. 
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