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from the [2-3H]cycloartenol and [2-3H]lanosterol (sp. act. 
2.55 x 106/dpm/500 gg/flask) feeds to P. cactorum and L. gigan- 
teum. However, the 3H sample, eluted from the plates and 
diluted with cholesterol and a mixture of phytosterols, was 
found to elute much earlier then with the carrier sterols on 
HPLC. When similar experiments were performed with S. ferax 
significant activity was evident in the 4,4-desmethyl TLC band. 
In other work on the sterol composition of pollen we had re- 
cently found that  certain cyclosteroids, e.g. dehydropollinasta- 
nol, co-chromatographed with 24-methyleneeholesterol on 
GLC (3 % SE-30) and may co-chromatograph with 24-methy- 
lenecholesterol, as the acetates when chromatographed on silver 
nitrate impregnated AL203 columns but eluted earlier on HPLC 
than either desmosterol or 24-methylenecholesterol. The radio- 
active material from the TLC 4,4-desmethyl zone injected into 
the HPLC from the [2-3H]cycloartenol feed coincided with an 
authentic sample of dehydropollinastanol (fig. 1). In order to 
verify cycloartenol metabolism by S. ferax, we performed an- 
other feed on a large scale. From this latter feed we isolated a few 
gg of radioactive compound which corresponded to dehydro- 
pollinastanol. This material was diluted with 10 mg of dehydro- 
pollinastanol producing an initial sp. act. of 471 dpm/mg: re- 
crystallization from acetone-water, methanol-water,  hexane-di- 
chloromethane, yielded a compound having a sp. act. of 332 
dpm/mg, 323 dpm/mg and 319 dpm/mg. When 1.0 x 10 7 dpm/ 
500 gg/flask [2-3H]dehydropollinastanol was incubated with S. 
ferax, a single radioactive 4,4-desmethylsterol was recovered 
from the mycelia (fig. 1). While no metabolism of the dehydro- 
pollinastanol was obvious, some ( <  1%) esterification oc- 
curred. The other fungal groups, many of which synthesize er- 
gosterol 2, presumably metabolize lanosterol and cyclosteroids in 
a similar manner.  We conclude that  the Oomycetes may have 
evolved in a polyphyletic manner  16'17 with respect to the other 
fungi. Their lack of having a cycloartenol-based pathway (fig. 2) 
is consistent with the view 18 previously advanced that  the Oo- 
mycetes may have evolved through a nonphotosynthetic,  
lanosterol-biosynthesizing lineage which has its origins with the 
prokaryotes, rather than a c3~cloartenol-biosynthesizing photo- 
synthetic eukaryote, such as, the brown or golden-brown algae. 
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A new selective insecticidal uncoupler of oxidative phosphorylation 

G. Holan and D. R. J. Smith 1'2 

CSIRO Division of Applied Organic Chemistry, G. P. O. Box 4331, Melbourne, Victoria 3001 (Australia), 6 August 1985 

Summary. A new aryl hydrazone structure with high insecticidal activity against the Australian sheep blowfly, Lucilia cuprina, was 
shown to have a higher activity as an uncoupler of oxidative phosphorylat ion in insect compared to mammalian mitochondrial  
preparations. This compound possesses the requirements of other uncouplers in its measured pKa and lipid solubility. However, 
when compared to a closely related structure with similar physicochemical properties, its insecticidal and insect mitochondrial 
uncoupling activities are greater and it exhibits decreased mammalian toxicity corresponding to this differential biochemical 
selectivity. 
Key words. Lueilia euprina; sheep blowfly; insecticides; aryl hydrazone; oxidative phosphorylation; mitochondrial  uncoupling. 

Mitochondrial  oxidative phosphorylation which produces the 
energy storage molecule ATP, is a ubiquitous process through- 
out the animal kingdom. Any attempt to use uncouplers or 
inhibitors of this process as insecticidal agents must take into 
account that  high activity of any active structures in insects may 
also be accompanied by high toxicity in the mammal  3. We there- 
fore report the finding of a selective new aryl hydrazone (I), with 
high uncoupling and insecticidal activity against the Australian 
sheep blowfly Lucilia cuprina (Wiedemann), but  with a lower 
uncoupling activity in rat liver mitochondrial  preparations. 
A wide variety of structures are known which uncouple oxida- 
tive phosphorylat ion and these compounds generally possess a 

readily dissociable proton and are highly lipid soluble struc- 
tures 4'5. Some of the most active uncouplers previously reported 
are cyano-alkoxy carbonyl derivatives of phenylhydrazones and 
these agents are usually highly active in mammalian systems 5'6. 
We synthesized a series of novel arylhydrazones 7 following on 
earlier work on phenyltriazole 8 uncouplers of oxidative phos- 
phorylation in rat liver and yeast cell mitochondria. Structur- 
ally, the new compounds contain a phenyl ring substituted by 
electron withdrawing groups, NO2 and/or  C F  3. These groups 
were used to obtain an increase in the ionization of the proton 
attached to the N ~ nitrogen of the hydrazone, thus increasing the 
acidity of the compounds as measured by their pKa. This in- 
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Compounds and relevant physicochemical and biological data 
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pKa Log P octanol/ I50 L. cuprina I50 rat liver LDs0 L. cuprina LDs0 mouse 
water gM IxM mg/kg mg/kg 

I 8.10 4.I8 0.0026 0.019 1.11 19.7 
(0.0024-0.0028) (0.018-0.020) (0.91-1.40) 
(4)* (2)* (4)* 

II 5.90 5.50 0.140 0.054 3.23 6.0 
(0.118 0 . 1 6 )  (0.051~).061) (2.92-3.70) 
(3)* (1)* (3)* 

III 6.60 5.16 0.27 0.04 12.66 20.1 
(0.255-0.28) (0.035-0.045) (11.07-14.26) 
(2)* (1)* (2)* 

pKa: Dissociation constant of compounds in 50:50 ethanol: water; LogP: Partition coefficient octanol/water; Is0: Concentration of compound required 
for 50 % uncoupling of mitochondria as determined by method of Holan et al. 8. Mean and confidence limits estimated from graphical representation of 
mean and SEM of % uncoupling for a minimum of three determinations over the relevant uncoupling range; LDs0 insect: Median dose causing 50 % 
mortality in adult males of L. cuprina at 48 h following topical application of compound in 1 gl of acetone, 60 flies per dose rate. LDs0 and 95 % 
confidence limits calculated by probit analysis; LDs0 mouse: Median dose causing 50 % mortality in 20 g female white mouse after 12 h following i.p. 
injection in olive oil (five animals per dose). * Number of separate preparations on different days on which these determinations were made. 

crease in ionization had the undesirable effect of decreasing the 
lipophilicity of the compounds. This loss was compensated by 
substitution with trifluoromethyl groups in the ketone part  of 
the molecules. In this way a balance between dissociation and 
lipid solubility was achieved, fulfilling the criteria postulated by 
Mitchell 9 as essential for properties of an oxidative phosphoryla- 
tion uncoupling agent. 
Material and methods. Mitochondria  from the flight muscle of 
adult male L. cuprina were prepared using the methods of By- 
grave et al. m and rat  liver mitochondria were prepared by the 
methods of Hodgeboom H. Uncoupling activity was determined 
by measuring the stimulation of the state IV respiration rate 5. 
Respiration was measured polarographically in a final volume 
of 2 ml as described by Estabrook 12. The incubation media used 
and final concentrations were KC1 (100 mM), KH2PO 4 (25 mM), 
tris-base (10 raM), sodium pyruvate (20 mM), proline (20 mM), 
ATP (0.5 mM) and K2CO 3 (2 mM) for L. cuprina mitochondria 
and sucrose (250 mM), K2HPO 4 (100 mM), MgC12 (5 raM), 
sodium EDTA (2 mM) and triethanolamine (2 mM) for rat  liver 
preparations. Final pH was 7.4 in both  cases and the incubation 
temperature was 25 ~ and 30 ~ respectively. In all preparations 
0.1 ml of mitochondrial  suspension was added to the incuba- 
tions. 
Results and discussion. The arylhydrazone I was the most active 
member of our series of related compounds, both  as an un- 
coupler and as an insecticide in L. cuprina. When compared to 
the previously reported carboxymethyl, cyanophenylhydrazone 
III  3, it was 104 times more active as an uncoupler and 11 times 
more active as an insecticide. Of 27 hydrazones, eight with simi- 
lar structures, tested under the same conditions, structure I was 
the only compound which gave 7.3 times higher uncoupling 
activity in L. euprina, than in rat  liver mitochondrial  prepara- 
tions. Al though there is little comparative data in the literature, 
salicylanilide uncouplers of oxidative phosphorylat ion 13 were 
reported to give similar levels of activities when tested in house- 
fly and rat liver mitochondria,  as determined by Pi-ATP ex- 
change. 

In contrast, hydrazone II taken as a representative example from 
a series of related structures 7, showed reduced uncoupling (54 
times) and insecticidal activity (30 times) in L. cuprina, com- 
pared to hydrazone I. Conversely this hydrazone gave a 2.6-fold 
greater uncoupling activity in the mammalian rat  liver, com- 
pared to the insect mitochondrial  preparation. The structure III  
previously reported by Draber  et al. 5, was 6.75 times more active 
as an uncoupler in rat liver than in L. cuprina preparations. 
Therefore, the difference in the activity of ! in the uncoupling of 
oxidative phosphorylat ion in the two species, appears to be 
selective when compared with the results for the closely related 
hydrazone II  and the carboxymethyl, cyano hydrazone III. This 
selectivity was also reflected in the insect mortality. 
The mammalian (mouse) toxicity of compound I! was approxi- 
mately 3 times higher than either compounds I or III, and it was 
a poorer uncoupler of rat  liver mitochondria than both of the 
latter structures. In the absence of species selectivity in the bio- 
chemical tests, the unexpected decreased toxicity of hydrazone 
III  compared to that  of II, can be explained by a probably facile 
degradation of the cyano carboxylate by esterases in vivo. This 
would reduce its toxicity to the mammal. 
The high insecticidal activity and selectivity in the uncoupling of 
oxidative phosphorylat ion by the hydrazone I indicates that  
structures capable of t ransport  of protons through mitochon- 
drial membranes in addition to specific lipid partit ioning and 
ionization requirements also require a steric conformation 
which may not  be equal for the mitochondrial  membranes of all 
species. Therefore there exists a possibility for a new rationale in 
the design of insecticidal respiration uncouplers with decreased 
mammalian toxicity. 
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Diabetes alters drug metabol ism - in vivo studies in a streptozotozin-diabetic rat model  
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Summary. The influence of experimental streptozotozin-indueed diabetes on hepatic drug metabolism in vivo has been studied in 
rats, using ~4CO2-exhalation after 14C-aminopyrine injection. Male diabetic rats showed a decreased ( -18 %), females an increased 
(+ 19 %) 14CO2-exhalation compared to controls, indicating altered hepatic drug metabolism due to diabetes. 
Key words. Aminopyrine breath test; diabetes; in vivo; NADPH;  phenobarbital induction; streptozotozin. 

Several publications have demonstrated altered oxidative drug 
metabolism in vitro in experimentally induced diabetes. These 
studies involved microsomes 1 6, isolated hepatocytes 7,s and ex- 
trahepatic tissueg-~L The extent of  the diabetic alteration in drug 
metabolism was dependent on sex and substratd '3"7"~2. The rele- 
vance of these in vitro studies for the in vivo situation, however, 
is ill-defined and controversial. Some workers have suggested a 
good correlation between in vitro and in vivo studies ~3, whereas 
others found discrepancies between findings in micros�9 and 
isolated hepatocytes 7. In order to evaluate the influence of dia- 
betes on drug metabolism in the intact animal, the oxidative 
demethylation of aminopyrine, labeled with 14C at its two methyl 
groups, was measured. In this model, the cleaved methyl groups 
are metabolized to a4CO2 and eventually exhaled in the breath. 
After trapping the CO 2 in ethanolamine, the radioactivity is 
counted TM. This 'breath test' has been shown to be a good indica- 
tor of altered liver function in experimental animals and in 
man ~4-16. Studies were performed, therefore, in male and female 
control and diabetic rats. In order to get some insight into 
possible mechanisms of the effect of diabetes on hepatic amino- 
pyrine demethylation, similar studies were also performed in rats 
whose drug metabolizing enzymes, the cytochrome P-450, had 
been induced by phenobarbital administration. The results 
showed alterations in aminopyrine demethylation in vivo quali- 
tatively similar to the ones previously obtained in vitro. 

Material and methods. Male and female Sprague-Dawley rats 
(150-210 g b.wt) were used. Diabetes was induced by i.v.-injec- 
tion of streptozotozin (Sigma, St. Louis, USA), 75 mg/kg freshly 
dissolved in 0.3 ml of  citric buffer pH 4.5 ~. Control animals 
received buffer alone. Only diabetic animals exhibiting urine 
glucose concentrations > t00 mmol/1 and blood glucose levels 
> 30 mmol/1 at the time of the experiments were used. Ketonuria 
could not be detected (Keto-Diastix, Ames, GB). All diabetic 
rats exhibited polydipsia, growth retardation, and increased 
liver to body weight ratio. These parameters indicating severity 
of diabetes were not different in males and females. A group of 
rats received phenobarbital-Na 80 mg/kg i.p. on days 7, 8 and 9 
after streptozotozin. Experiments were performed on day 10 
after induction of diabetes. 
Aminopyrine breath test: (Dimethylamine-14C)-aminopyrine 
(Amersham, Buckinghamshire, GB), specific activity 120 mCi/ 
retool, was used. The dose was 1 p.Ci/kg i.v., dissolved in 3 ml 
NaC1. To prevent adsorption to the tubing, 0.2 mg/ml of unla- 
beled aminopyrine was added. The breath test was performed as 
described earlier ~4 by quantitatively collecting exhaled CO 2 in 
10-min.-portions, in the unanesthetized animal. 
Calculations. Since it has been demonstrated that peak exhala- 
tion rate as well as the 14CO2 elimination rate constant in breath 
correlate well with in vitro aminopyrine demethylase activity ~5, 
these two parameters were chosen to characterize the amino- 
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Figure l. 14CO2 exhalation after i.v. injection of a tracer dose of JaC-ami- 
nopyrine (I pCi/kg b.wt) in control and streptozotozin-diabetic rats not 
receiving phenobarbital. Diabetes decreased peak exhalation rate in mate 
rats by 18 %, whereas in females, there was an increase by 19 %. 
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Figure 2. ~4CO2 exhalation after i.v. injection of a tracer dose of 14C-ami- 
nopyrine (1 gCi/kg b.wt) in phenobarbital treated rats. Diabetes altered 
peak exhalation rate in a similar direction as in non-induced animals. 
�9  -�9 Controls; �9 �9 Diabetics. 


