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It has previously been found that naphthoquinones can potentiate the rate of 
hydrogen peroxide production by mitochondria1 preparations of Trypanosoma 
brucei brucei and that organisms treated with naphthoquinones are more suscepti- 
ble to lysis, especially in the presence of compounds such as heme, which promote 
the homolytic cleavage of hydrogen peroxide. We have evaluated the lytic effect 
of various N-substituted p-benzoquinone imines both in vitro and in vivo and have 
attempted to correlate their structure with trypanocidal activity using the Hansch 
approach. While none of the compounds tested proved to be active in vivo, all 
caused the lysis of trypanosomes in vitro. The parameters that correlated best with 
trypanocidal activity were the conditional redox potential, the lipophilicity of the 
substituent attached to the nitrogen atom and the number of active hydrogens on 
the quinonoid ring. These findings suggest two possible modes of action, which 
may in fact be related. Conjugate nucleophilic addition andlor oxidative damage 
could be responsible for lysis of the parasites. These same compounds were 
previously found to be active against the ascitic sarcoma 180 in mice. The strong 
correlation between antineoplastic activity in vivo and trypanocidal activity in 
vitro suggests a similar mode of action in both cases. Further studies aimed at 
developing a quinonelike compound that will be active against trypanosomes in 
vivo are now in progress. 

Key words: N-substituted pbenzoquinone imines, Trypanosoma brucei brucei, trypanocidal drugs, 
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Trypanosomes cause both human and animal diseases of major importance in 
Latin America and Africa. Chagas disease, which afflicts more than 7 million Latin 
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Americans, is caused by Trypanosoma cruzi [ 11. In tropical Africa, trypanosomiasis 
of cattle due to T congolense, T vivax, and T brucei brucei seriously limits food 
production [2]. Furthermore, human trypanosomiasis or African sleeping sickness, 
which is caused by T b gambiense and T b rhodesiense, is currently in a state of 
controlled endemicity, although health officials fear a major epidemic [3]. 

There are no drugs that have proven effective against chronic Chagas disease. 
Moreover, no new drugs to treat African trypanosomiasis have been introduced in 
more than 30 years [4]. Consequently, those drugs now in use are becoming less 
effective as resistant strains emerge. Thus, there is an urgent need for new trypano- 
cidal agents. 

For several years, we have been studying the biochemistry of T b brucei in 
order to identify metabolic differences between these organisms and their mammalian 
hosts. Once such differences are discovered, it may be possible to design drugs that 
exploit them so as to kill the parasites. 

We have been particularly interested in the fact that trypanosomes lack enzymes 
such as catalase and peroxidase to break down H202 [5,6]. As a result, these parasites 
accumulate H202 and can be readily lysed by heme and heme analogues, presumably 
because of damage by free radicals formed as a result of homolytic cleavage of 
hydrogen peroxide [7-91. Naphthoquinones, such as menadione, also cause lysis of 
T b brucei in vitro, probably via stimulating overproduction of H202 181. They have 
been found to lyse T cruzi epimastigotes in a similar manner [lo]. We report here the 
results obtained with 18 N-substituted p-benzoquinone imines that have previously 
been tested for antineoplastic activity [ 111. Because these compounds are structurally 
similar to naphthoquinones, we hypothesized that they might lyse trypanosomes in an 
analogous manner. 

MATERIALS AND METHODS 
Chemicals 

[ 111. All other chemicals used were of reagent grade. 

Animals 

Balblc and Swiss-Webster mice were obtained from the Charles River Breeding 
Laboratories, Inc (Wilmington, MA) and the Rockefeller University (New York, NY) 
respectively. Sprague-Dawley rats were purchased from Taconic Farms, Inc (Ger- 
mantown, NY). 

Organisms 

T b brucei (EATRO 110) were obtained from Dr W. Trager (The Rockefeller 
University) and stored as stabilates in 10% glycerol at -80°C. This strain had been 
passaged seven times in rodents since it was last transmitted by tsetse flies. Intraperi- 
toneal injection of 2 X lo4 motile organisms into Swiss-Webster mice (20-g males) 
yielded pleomorphic infections, with slender forms predominating 5-7 days after 
infection. 

A monomorphic strain, EATRO 1 IOM, was derived from EATRO 110 via serial 
passages (> 100) in mice. These organisms were uniformly slender in morphology. 

The preparation of the p-benzoquinone imines has been described previously 
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They were routinely harvested from Swiss-Webster mice or Sprague-Dawley rats 
(250-350-g females) 3-4 days after infection. 

isolation of Trypanosomes 
Trypanosomes (EATRO llOM) were isolated from fresh blood according to the 

procedure of Lanham and Godfrey [ 121. Infected rats were anesthetized (ether) and bled 
by cardiac puncture into heparinized syringes. Whole blood (10 ml) was applied to a col- 
umn (2.5 x 7 cm) of Whatman DE-52 cellulose and eluted with phosphate-buffered sa- 
line containing glucose (PSG 6:4) [ 121. The eluant was centrifuged at 1 ,OOOg for 10 min 
to pellet the trypanosomes. The organisms were washed twice with PSG 6:4 and then 
resuspended in minimal essential medium containing Hank's salts (MEM; GIBCO, 
Grand Island, NY) to a concentration of 1 X 10' organisms/ml. This suspension of par- 
asites was kept on ice and used within 3 hr. Over this period of time more than 95 % of 
the parasites remained motile and equally susceptible to lysis by heme. 

Assessment of Trypanocidal Activity In Vitro 

The trypanocidal activity of the quinone imines was assessed in vitro by moni- 
toring their ability to cause lysis of trypanosomes. A suspension of trypanosomes 
(EATRO llOM) in MEM was diluted 1/10 with PSG 6:4 giving a concentration of 
approximately 1 x lo7 organisms/ml and was then maintained at 37°C. The turbidity 
of such suspensions was measured at 750 nm in 1-ml cuvettes using a thermostated 
(37 "C) Acta I11 recording spectrophotometer (Beckman Instruments, Inc, Cedar 
Grove, NJ). The quinone imines were dissolved in dimethylsulfoxide (DMSO) and 
added to the suspensions at various concentrations. The values reported are the 
minimum concentration that caused complete lysis of the trypanosomes in 15 min and 
the maximum concentration that caused no lysis in the same length of time. In no 
case was the volume of DMSO added greater than 10 pl/ml of suspension. This 
amount of DMSO had no effect upon the motility of the organisms or the turbidity of 
the suspensions. Where lysis was indicated by a decrease in turbidity, it was confirmed 
by inspection of the suspension by phase contrast microscopy. 

Assessment of Trypanocidai Activity In Vivo 

Groups of five Balbic mice were infected with 5 x lo4 organisms via an 
intraperitoneal injection. Three to 4 h after infection and daily for 4 days thereafter, 
the animals were treated with the quinone imines at a dose equivalent to 1/5 of their 
LD50 as determined by Hodnett et a1 [ 111. The drugs were administered IP as 
suspensions in 0.9 % saline containing 0.25 % methylcellulose. 

Statistical Assessment of Trypanocidal Activity 

The data on the lysis of T b brucei in vitro was analyzed by a mathematical 
approach developed by Hansch [13,14]. In using this approach one seeks to relate the 
biological activity of a series of compounds by a linear combination of parameters 
such as that shown in Equation 1 and thereby to determine structure-activity relation- 
ships which can be used to predict the activity of other compounds in the series: 
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In the equation above, BA is a function of the concentration of a compound that will 
cause a given level of the biological activity being studied, T is a solubility parameter, 
(T is an electronic parameter, E, is a steric parameter, and the k’s are constants 
determined for each series of compounds. This method allows one to correlate all 
variables that may be important in relating the biological activity of a series of 
compounds under a particular set of conditions and to select that parameter or set of 
parameters which is most significant in relating structure to biological activity. Having 
determined the most important parameter (or parameters), one can then predict the 
biological activity of other compounds in the series provided the correlations are good 
enough. Sometimes a single variable is sufficient to describe a structure-activity 
relationship [15], but more often two or more parameters are necessary if the 
correlation coefficient is to exceed 0.9, 1 .O representing perfect correlation. 

The biological activity of a drug generally involves transport to a particular 
tissue and subsequent reaction with an enzyme or receptor site. Transport of a drug 
is dependent upon many factors, such as its electronic charge in the biological milieu, 
water solubility, lipid solubility, etc. The proper distribution of a compound between 
lipid and aqueous phases is very important if it is to move in biological fluids and 
penetrate cell membranes. Many workers use 1-octanol as a model of biological fat 
because it has a similar ability to dissolve a variety of compounds. The partition 
coefficient, P,  is defined as the ratio of the solubility of a compound in 1-octanol to 
that in water (Equation 2): 

concentration in 1-octanol 
concentration in water P =  (2) 

This parameter has been determined for many compounds having biological activity 
[16]. One can then compare the lipophilicity or hydrophobicity of a substituted 
member (RX) of a series of compounds to that of the parent compound (RH) using a 
relationship such as that given in Equation 3. 

The parameter xx is often used as a substituent constant expressing the lipophilicity 
of the group X; values T X  for over 300 groups are listed by Hansch [ 171. 

Estimates of log P can also be determined directly from the structure of a 
compound using the method of Rekker [18-201. The skeleton of the molecule is 
broken down into fragments, each fragment contributing a value f to its lipophilicity . 
Some fragments have different values depending upon whether they are part of an 
aliphatic or an aromatic system. Since the quinone imines are not truly aromatic, 
although having a great deal of resonance energy, it was not clear whether the aliphatic 
or the aromatic values for the fragments should be used. Therefore, both sets of 
parameters were considered in making correlations [21], as well as the xx constants 
of Hansch. Although the results were nearly identical, the aliphatic f-values gave 
somewhat better correlations and are those reported (Table 111). 

In order to simplify the calculations, we have reduced the number of parameters 
involved based on the intrinsic symmetry of the quinone imines (Fig. 1) .  Substituents 
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0 - Y  

Fig. 1. N-Substituted p-benzoquinone imines. The nature of the 
substituents R , ,  R2. R3, and Y is given in Table I. 

attached to carbon atoms 3 and 5 are identically situated with respect to the carbon 
attached to the nitrogen. Accordingly, the parameter values of such substituents were 
summed for use in the correlations, the summations being designated by the subscript 
35 (Table 111). Likewise, atoms or groups of atoms attached to carbon atoms 2 and 6 
are symmetrically arranged about the carbonyl group; their values were also summed 
(subscript 26, Table 111). Values of the parameters for substituents on the nitrogen 
atom are indicated in Table I11 by the subscript Y. 

As suggested by Equation I ,  electronic and steric effects are also important 
determinants of biological activity. The ability of a given molecule to react with an 
active site has both an electronic and a steric component. Several sets of substituent 
constants exist for quantitating the electronic effects of atoms and functional groups, 
especially those on an aromatic ring. Hammett [22] showed that one could compare 
chemical equilibria involving a series of aromatic compounds through the use of 
constants (a, and ap) that reflect the ability of a meta or para substituent to donate or 
withdraw electrons from the molecular site undergoing reaction. Electronic effects 
are transmitted more readily by functional groups para to the reactive site, hence each 
group has both a meta and a para a-value. Since the reactive site is unknown in the 
case of the quinone imines, both sets of a-values were included in our calculations. 

Each substituent also has both a field (inductive) effect, S, and a resonance 
effect, 92, each of which reflects the ability of that substituent to donate or withdraw 
electrons. These parameters are derived from am and ap [23] and have a single value 
for each atom or functional group. Hansch [I71 has published values of S a n d  92 for 
more than 300 atoms and groups. In the case of the quinone imines, S a n d  52 
correlated better with the in vitro results than the a constants; the values of S a n d  B 
used in the calculations are listed in Table 111. 

Steric effects are not readily quantitated because of a lack of knowledge about 
the exact dimensions of the active site. Nonetheless, the effect of various substituents 
can be approximated by a comparison of their molar volumes. The molar refraction, 
MR, has the dimensions of volume and may be considered a relative volume [ 171. 
Although the molar refraction can be calculated for each structure, we chose to utilize 
the values of Hansch [17] reduced by a factor of ten to make them comparable in 
magnitude to the other parameters considered (Table 111). 
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As stated above, any variable that might have an effect on biological activity 
and for which values are known may be used in the correlations. For example, the 
number of unsubstituted carbon atoms attached to the ring of the quinone imines may 
be significant in determining their biological activity as addition is more likely to 
occur at these carbons than at those already bearing a substituent. Since oxygen is 
more electronegative than nitrogen, hydrogens attached to carbon atoms 3 and 5 are 
more reactive than those attached to 2 and 6. Consequently, as one measure of 
chemical reactivity, we included in our calculations the number of active hydrogens 
at positions 3 and 5, H35. To the extent that substituents at positions 2 and 6 may alter 
the reactivity of hydrogens at 3 and 5 ,  one can define modified indexes of chemical 
reactivity such as that shown in Equation 4: 

where H26 is the number of active hydrogens at positions 2 and 6 ,  and %6 is the 
resonance effect of the substituents at the same positions. Such modified assessments 
of chemical reactivity were also included in our calculations. 

The logarithm of the partition coefficient defined above is a measure not only 
of transport in the biological medium but also of hydrophobic binding to the active 
site [24,25]. In some cases log P is linearly related to biological activity, while in 
others the relationship is second order, indicating an optimum value of log P for a 
given biological effect. Accordingly, both log P and (log P)2 were included in the 
calculations, the values of these parameters being estimated from the f-fragments of 
Rekker [ 18-20]. 

Finally, one of the major reasons for evaluating the quinone imines as trypano- 
cidal agents was to determine if they could function as alternate electron acceptors 
leading to increased H202 production. Accordingly, we utilized their conditional 
redox potentials (V) [ 111 in our correlations. Substituent effects upon redox potentials 
have not been studied extensively and hence values for given compounds are not 
readily obtained from published data. Generally one must synthesize the desired 
compounds and make the measurements or estimate the potentials from those of 
related compounds. 

Having determined the various molecular parameters to be correlated with 
biological activity, in this case lysis of T b brucei in vitro, we had to assess the best 
method of expressing the biological data. The trypanocidal activity of a given com- 
pound was measured as a function of its concentration. Since the most active com- 
pounds were those that caused lysis at low concentrations, we chose to correlate the 
logarithm of the reciprocal of the concentration and designated this the logarithm of 
trypanocidal activity, log(TA). Separate computations were made for the lowest 
concentration of each compound causing lysis of the trypanosomes, the highest 
concentration failing to cause lysis and the geometric mean of the two. The latter 
concentration gave somewhat more consistent results. All of the parameters discussed 
above were evaluated by a computer program to determine which were linearly 
related to log(TA). The correlation coefficient, r, measures the fit of the data to a 
straight line, an r of 1.O00 indicating a perfect fit. The program RSQUARE of the 
Statistical Analysis System [26] was used to make a calculation of ? for each 
parameter or variable vs log(TA) and to rank the parameters in decreasing order of 
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their ? values. Beginning with those that fit the best, the program was then used to 
make ? calculations for every combination of two variables and to rank these 
combinations in decreasing order based on the calculated r2 values. One can continue 
this iterative procedure as long as desired or until all combinations of variables are 
used. Inclusion of additional variables always yields larger values of r2 but the 
contribution of each additional variable generally becomes less statistically signifi- 
cant. Once the most significant variables are determined, the program REGRESSION 
[26] is used for statistical analysis of the series of linear equations so as to determine 
the best fit of the data. 

RESULTS 
The 18 N-substituted p-benzoquinone imines were evaluated in vitro at concen- 

trations up to 1 mM. All caused complete lysis of the trypanosomes at this concentra- 
tion. Various dilutions were made until a concentration of imine was reached which 
failed to cause lysis after incubation at 37°C for 15 min. Reported in Table I is the 
highest concentration of each compound which failed to cause lysis and the lowest 
concentration which caused complete lysis. At intermediate concentrations incomplete 
lysis was observed. 

The results suggest that the compounds fall into three groups depending upon 
the substituent, Y, attached to the nitrogen atom. compounds 1-5 , wherein Y is the 
p-dimethylaminophenyl moiety, all caused complete lysis at concentrations ranging 
from 1 to 5 pM. The five oximes, 6 -10 (Y = OH), were approximately 100 times 
less active, the lowest concentration causing complete lysis ranging from 50 to 750 
pM. The N-halogenated imines, compounds r1 -16, caused complete lysis over a 
much broader range of concentrations (0.05-50 pM). In the case o f 1 1  a n d 1 2  with 
hydrogens at positions 2 and 6, the chloroimine, 11, was 1,OOO times more active 
than the bromoimine. The analogous pair of imines with a chlorine atom at positions 
2 and 6 (compounds 12 and 12) also differed in activity, however, in this case the 
chloro derivative was six times less active. A third pair of N-halogenated imines 
having bromines adjacent to the carbonyl were of equal activity, the lowest concentra- 
tion causing complete lysis being 2 pM. Lastly, the activities of the two compounds 
derived from N-p-hydroxyphenyl-p-benzoquinone imine were similar to those of the 
p-dimethylaminophenyl derivatives. The acetate, 13 , was active at 5 pM, while the 
sodium salt, -lZ, was ten times less active. 

Ten of the 18 quinone imines were evaluated in vivo. At least three compounds, 
including the most active, were selected for testing from each of the groups referred 
to above. As seen in Table 11, none significantly prolonged the life of T b brucei- 
infected mice when administered IP for 5 days at a dose equivalent to one-fifth of the 
LD50. In fact, three of the compounds wherein Y was aromatic u ,  5 ,  and 18) 
caused a decrease in survival. 

Despite these in vivo results, further evaluation of quinones and quinonelike 
compounds seemed warranted based on the trypanocidal activity of such compounds 
in vitro. Accordingly, we analyzed our in vitro results using the mathematical ap- 

log(TA) = 14.00(+ 4.00) V - 9.17(+2.39) (5 )  
n = 15; r = 0.69 
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TABLE 11. Effect of Various N-Substituted p-Benzoquinone Imines on the Survival of Mice 
Infected With T b brucei 

Average 
Compound LD50a Doseb survival time TICC 

- 1 80 1 6d 3.4 f 0.6 66 
2 27 
3 25 

- 5 70 14d 3.4 rl- 0.9 66 
- 6 260 52 5.6 f 0.5 108 
I 7 240 

no. (mglkg) ( m g k )  (days f SD) (%I 

- - - - 
- - - 

I - 4 100 20 5.4 f 0.5 104 

- - - 

I 8 120 24 5.4 f 0.5 104 
- 9 3 80 76 5.2 A 0.4 100 

-- 1 1  12.5 2.5 5.0 rl- 0.0 97 
- - - 

-I 10 1,090 

1 2  40 
1 3  20 
1 4  20 

- - - 
-I 

- - - -- 
- - - -- -- 1 5  63 12.6 5.0 f 0.0 97 

-- 1 6  25 5 4.8 f 0.8 93 
~ - 1 7  50 - 

1 8  90 18 4.4 f 0.9 85 
-I 

aSingle IP dose in Swiss mice; from reference 1111. 
bAdministered 4 h after infection and once daily thereafter for 4 days. 
'Ratio of the average survival time of treated animals to that of controls; controls survived an average 
of5.2 f 0.6days. 
dDrug administered for only 3 days due to apparent toxicity. 

proach of Hansch in an effort to better understand those factors that contribute to 
trypanocidal activity so as to aid in the design of more effective compounds. The 
parameter that correlated best with the logarithm of trypanocidal activity was the 
conditional redox potential (V). The two were related (Equation 5 )  with a correlation 
coefficient, r, of 0.69. The numbers in parentheses are the standard errors of the 
coefficients and n is the number of compounds included in the analysis. A plot of 
log(TA) versus V is shown in Figure 2, where each compound is represented by a 
single point and the broken straight line is calculated from Equation 5. The two most 
active compounds, 5 and Ll, are farthest from the straight line, suggesting that 
factors other than the conditional redox potential contribute to their activity. 

Some of the substituent parameters used in the mathematical analysis are given 
in Table 111. The correlation of log(TA) with the lipophilicity of the group attached to 
the nitrogen atom (fL) was also significant, the correlation coefficient being 0.64. 
Other parameters correlated with log(TA) as follows: Hj5 ,  0.58; 9235, 0.55; S&, 
0.55; H35, 0.54; MR35, 0.54. Note that neither log P nor (log Q2 correlated 
significantly with log(TA). Three variables, 2235, $35, and MR35, correlated very 
strongly with H35 as shown by the correlation matrix in Table IV. The strong 
correlations among these four variables result from the fact that most of the com- 
pounds in the study are substituted in position 2 or in positions 2 and 6 ,  and that all 
substituents in position 3 have positive .%values and negative %-values. 

MBHPI: 189 



24JCB Grady et a1 

+1.0 

QO - 
< 
L 
Y ; - 1.0 

- 2.0 

/ 
/ , , 0l2 

I I 1 I I 

0.5 5 0.6 0 0.6 5 0.70 

V 

Fig. 2. Trypanocidal activity, log(TA), as a function of the conditional redox potential, V, of 16 N- 
substituted p-benzoquinone imines. The straight line is calculated from Equation 5. 

None of the parameters considered is solely responsible for the trypanocidal 
activity of a given compound; all contribute to varying degrees. One of the most 
significant pairs of variables was fy and Hi5 , the lipophilicity of the substituent 
attached to the nitrogen atom and the reactivity index of the hydrogens attached to 
carbon atoms 3 and 5. The correlation coefficient between this pair of parameters and 
log(TA) was 0.73, a value significantly greater than that when either parameter was 
evaluated alone (0.64 and 0.58 respectively). The relationship between these param- 
eters and log(TA) is given by Equation 6, 

where the numbers in parentheses are the standard errors of the coefficients of the 
polynomial and the numbers below the coefficients are the partial F-values used in 
statistical analysis [27]. The F-values are indicative of the significance of each term 
in the polynomial, larger values indicating greater significance. The significance of 
each term is also indicated qualitatively by the size of its coefficient relative to that of 
its standard error. 
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Another pair of variables that correlated almost as well was the lipophilicity and 
resonance effect of the substituent attached to the nitrogen atom. This is shown by 
Equation 7: 

Of the two parameters, fy made the greater contribution, as evidenced by the size of 
the F-value. When the conditional redox potential was paired with the other variables 
evaluated, the correlation with log(TA) was not significantly improved. For example, 
when V and log P were evaluated simultaneously, a correlation coefficient of 0.71 
was obtained, not significantly larger than that when V alone was considered (r = 
0.69). All other combinations of V and another parameter correlated less well. 

DISCUSSION 

Although the structure-activity relationships shown by these compounds in their 
ability to cause lysis of trypanosomes in vitro are not perfect, they do offer some 
insight into the design of more efficacious drugs, The various structural relationships 
are compatible with two modes of action that have been proposed for the biological 
activity of these compounds. First, the strong correlation of the conditional redox 
potential with log(TA) suggests that these compounds may be causing oxidative 
damage to cellular membranes. This is supported by the fact that electron-withdraw- 
ing groups that increase the redox potential also increase trypanocidal activity. This 
mode of action is also supported by the fact that the lipophilicity of the substituent 
attached to the nitrogen atom correlates with trypanocidal activity because lipophilic 
compounds tend to localize in membranes. One would expect that increasing the 
concentration of an oxidant in membranes would lead to membrane damage and hence 
to parasite destruction. 

Secondly, the statistical significance of Hi5 , a measure of the number of active 
hydrogens on the p-benzoquinone imine nucleus, suggests that conjugate nucleophilic 
addition to the molecule may be of mechanistic importance. That quinonoid systems 
are susceptible to such addition by a variety of biological nucleophiles has been well 
documented 128-341. The enhanced correlation observed when Hi5 was evaluated in 
combination with either the resonance effect of Y (Eq. 7) or its lipophilicity (Eq. 6) 
is compatible with such a mode of action. An increase in the resonance effect of the 
group attached to nitrogen would be expected to make a given compound more 
susceptible to 1,4-addition. If, in fact, these compounds kill trypanosomes as a result 
of such addition reactions, this should lead to increased trypanocidal activity. Indeed, 
this is the effect seen. While we did not initially consider this second mode of action, 
its significance cannot be overlooked. Perhaps both mechanisms are operative, either 
alone or in sequence. For instance, 1,4-addition may serve to covalently bind a 
quinone or quinonelike compound to a particular site whereupon destruction of the 
parasite results from subsequent oxidative damage. 

Unfortunately, none of the compounds tested were trypanocidal in vivo. This 
might have been due to a number of factors including metabolism and failure of the 
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compounds to reach the parasites. With respect to the latter, it is of interest that most 
of the compounds prolonged the survival of Swiss mice bearing the ascitic sarcoma 
180, in several cases by more than 200% [ 111. More than likely the fact that the drug 
was given IP is responsible for the latter effect. While the body burden of trypano- 
somes is confined mainly to the bloodstream, the tumor cells tend to proliferate in the 
peritoneal cavity. Thus, the tumor cells were bathed directly with drug, while binding 
of the drug to serum proteins [28,32] may have prevented it from reaching the 
trypanosomes. Likewise, reduction and subsequent glucuronidation [35,36] is much 
more likely to be a factor with respect to parasites present in the bloodstream. 

When the activity of the compounds against the ascitic tumor was compared to 
their trypanocidal activity in vitro, the correlation was highly significant. It was found 
that the dose (mg/kg) that gives the most prolonged survival time is strongly corre- 
lated with trypanocidal activity, the correlation coefficient being 0.89. Unfortunately, 
the mechanism of action of these quinonelike compounds in inhibiting the growth of 
malignant cells is not clearly understood. While quinones may cause an increase in 
the intracellular concentration of H202, some appear to act as alkylating agents [37J. 
Both mechanisms may be operational at the same time. Thus, quinones might add to 
thiols or amines via 1,4-nucleophilic addition and still be free to undergo oxidation 
and/or reduction yielding free radicals. Bachur et a1 [38] have proposed that antineo- 
plastic quinones may be activated to site-specific free radicals which bind to RNA 
and DNA, causing damage either directly or through the production of superoxide 
(02-) or hydroxyl radicals (HO- ). Tumor cells may have enhanced susceptibility to 
these drugs because they contain decreased amounts of superoxide dismutase, even 
though they contain adequate catalase [39]. In contrast, trypanosomes may be suscep- 
tible due to their lack of catalase and peroxidase. 

The task then, with respect to trypanosomiasis, is to design a quinonelike drug 
that will reach the bloodstream, possess sufficient lipophilicity to enter the parasite, 
be hydrophilic enough to avoid being strongly bound to serum proteins, and finally, 
a redox potential such that radical formation and/or peroxide production is facilitated. 
To achieve this we are utilizing the Hansch approach to predict the effect of various 
substituents so that our synthetic effort can be directed towards those compounds the 
calculated trypanocidal activity of which is significantly enhanced. Additional param- 
eters are also being considered in an effort to refine our understanding of the 
molecular mechanisms involved in the trypanocidal activity of these compounds. 
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