
authors showed that 6 times as much chlorthalidone was present 
in the red cell fraction of rat blood as  in the plasma. The present 
study reports similar findings in humans where from 8 to 10 times 
as much chlorthalidone is found in the red cells as in the plasma. 
On the basis of the results described in this paper, approximately 
% of a given dose of chlorthalidone is bound in the tissues. It is 
this tissue binding that probably accounts for the long half-life 
(54 hr) noted in the normal human subject and for the prolonged 
diuretic action of chlorthalidone in humans (3). 
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Dependence of Toxicity on Molecular Structure: 
Group Theory Analysis 

J. L. COHEN*, W. LEE, and E. J. LIEN' 

Abstract Group theory was applied to a wide variety of toxic 
substances, drugs, and endogenous organic compounds to  test the 
apparent empirical relationship between toxicity of a molecule 
and its degree of molecular symmetry. Many compounds in each 
classification were analyzed and separated into individual sym- 
metry groups using "space-filling'' molecular models. With few 
exceptions, an apparent relationship was noted between each 
symmetry group and the relative toxicities. A brief introduction 
to group theory is presented as well as the rationale and implica- 
tions of these observations. 
Keyphrases Structure-activity relationships-group theory 
analysis, toxicity-molecular symmetry Toxicity-dependence on 
molecular structure, group theory analysis of various substan- 
ces Molecular structure-role in toxicity, group theory analysis 
of various substances 

Numerous reports in the literature attempt to cor- 
relate the activities or toxicities of drugs and chemi- 
cals with various structural or physical-chemical pa- 
rameters of the molecules (1-3). These approaches, 
in general, have shown the greatest applicability for 
structurally related series of compounds, but there 
has been no satisfactory general correlation which 
explains the activities of molecules with significantly 
different structures and physical-chemical proper- 
ties. The reason for this may be that fundamental 
parameters, such as molecular symmetry, or other 
relevant properties of molecules have not been in- 
cluded among the physical-chemical parameters 
used in existing quantitative structure-activity cor- 
relations. Because the overall objective of all correla- 
tions of this type is to design drugs with very specific 
activities and limited toxicities, the approach along 
specific drug classification lines or specific disease 
lines is clearly appropriate. Therefore, the implica- 

Table I-Mean LDSo Values for Oral  Doses in 
Rats of Different Symmet ry  Groups 

NUUl- 
ber 
of S i g n s -  

Group pounds Com- LDso0 df t Level, cance 

CI 29 1 7 . 6 0 h  2.59 46 4.26 99.5 
C," 19 3.57 f 0 9lK- - - - 

5 5 21 f 2.58 1.95 95 
5 3:21 h 1.54%2 2.27 97.5 

c;, 
Drn 

LDM valye in rats, millimolea per kilogram, mean f standard error 
(SX, where S r  = S /  <n). 

tion is that a fundamental explanation of the general 
type stated may direct future research to include ad- 
ditional specific parameters required to design drugs 
of specific pharmacological activity. 

In this paper the empirical relationship between 
molecular symmetry and toxicity is explored with 
various drugs, toxic chemicals, and endogenous or- 
ganic compounds. 

GROUPTHEORY 

Group theory invariably differentiates between all possible geo- 
metric isomers and places them into their respective symmetry 
groups. Once the compounds are classified into their respective 
symmetry groups and subgroups, the similarities and contrasts 
within the groups can be compared. An extensive mathematical 
discussion of group theory will not be presented here; however, 
several references (5 ,  6) discuss the theoretical details of group 
theory analysis. Most appropriate to this discussion is the actual 
application of some principles to the compounds analyzed in the 
present study. 

Group symmetry operations are mathematical operators which 
perform linear transformations on molecular orbital wave func- 
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Table 11-Oral Toxicity in  Rats: CI Group Symmetry 

Number Compound 
LD50, Molecular LD50, 
m g / k  Weight mmoles/ kg 

1 

2 

3 

4 
5 
6 
7 
8 
9 

10 
11 
12 
13 

1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 

CHjCON 
\ 

CH=CH2 
F-CH&ONHz 

/CH3 
CHaCON 

\ 
CH=CH, 

CH&OCH;CHZCO-N (C2H5) 
C H J C O C H ~ C O O C ~ H ~  
HOCHTCOCH, 
FCIXCOCCIF, 

c l ; c c o c l  
NH2 

I 
H 

CHZCHOH-C HoC HO 

2460 

85 

2830 

4760 
3980 
2200 

277 
1870 
1500 
3250 
2460 
600 
745 

2180 
880 

1585 
1600 
1600 
400 

1700 
3900 
649 
930 

3320 
2340 
2380 
3000 
550 

1870 

113 

77 

99 

172 
130 
74 

214 
135 
164 
165 
134 
180 
133 

88 
127 
135 
164 
108 
122 
218 
100 

73 
101 
61 
75 

116 
90 
84 

114 

21.77 

1.10 

28.59 

43.37 
30.62 
29.73 
1.29 

13.85 
9.15 

19.70 
18.36 
3.33 
5.60 

24.77 
6.93 

11.74 
9.76 

14.81 
3.28 
7.80 

39.00 
8.89 
9.21 

54.43 
31.20 
20.52 
33.33 

6.55 
1.84 

tions. The set of operators that sends a symmetrical figure into it- 
self is said to form a "group." For example, given a triatomic 
molecule placed in three-dimensional (orthogonal) space, the op- 
erators that send the molecule inJo itself are: 

1. The identity operation E, which leaves each point un- 
changed. 

2. ixy, reflection in the plane passing through point b and per- 
pendicular to the line joining a and c. 

3. uyz, reflection in the yz plane passing through point a and 
perpendicular to bc. 

4. id ,  reflection in the plane passing through point b and per- 
pendicular to Q C .  

5. C,l, clockwise rotation through 120". 
6. Ca-l, counterclockwise rotation through 120". 

Y 

L 

Other symmetry operations are possible; however, they turn 
out to be equivalent to one of these six operations. For example, a 
clockwise rotation through 240" is an operation identical to Cs-l, 
and a rotation through 180" about the y-axis is identical to id. 
The successive application of any two of the operations discussed 
here is equivalent to some other single operation. 

C 1  Symmetry Group-This is the simplest- point group possi- 
ble, consisting of only the identity operation E. Examples of this 
point group that have no symmetry at  all are adenosine, glucose, 
cholesterol, and many other endogenous and exogenous com- 
pounds. 

Cn Symmetry Group-This group is associated with an n-fold 
rptational axis and consists of the operations E, Cnl, Cn2, . . ., 
Cnn-'; there is no limit to the possible value for n in these com- 
pounds. Examples of compounds in this symmetry group are: 

C n h  Symmetry Group-This group is classified by two indepen- 
dent operations, Cn and Uh, which add to a horizontal plane to 
the molecule. Examples of compounds in this group are: 

Clh C2h 
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Table 111-Oral Toxicity in Rats: Czv Group Symmetry 

Number Compound 
LD50, Molecular LD50, 
mg/kg Weight mmoles/ kg 

8 
9 
10 
11 
12 
13 
14 
15 
16 

ClCFzCOCFzCl 

03 U 

BrCH;CH=CH-CH2Br 
ClCHzCH=CH-CHzCl 
(CHz=CH-CHz) zNH 
(CHs)aCNHC(CHs)a 
C1 (CHz)zO (CHz)z-Cl 
CH3CHCl-O-CHCl-CH3 
ClCHzCHzOH 
ClCHzOCHzCl 

c1  

I 
I 
CSHI 

I 

17 Cl-c-Cl 

18 
Cl 

OH 

OH 

/C6H4-c1 
19 ClzC=C 

\ 
C~Ha-cl 

61 
2140 

198 
179 

1410 
506 
658 
75 
89 
650 
550 
105 
105 
89 
210 

121 
135 
58 
214 
126 
97 
129 

114 

0.31 
11.96 

3.27 
0.58 
2.36 
11.65 
3.75 
ii.34 
0.35 
0.71 
6.70 
4.26 
0.74 
0.74 
1.11 
1.84 

168 308 0.54 

320 110 2.90 

880 320 2.75 

Table IV-Oral Toxicity in Rats: C,. Group Symmetry 

Number Compound 
LDso, Molecular LD50, 
mg/kg Weight mmoles/kg 

1 Br-C=C-Br 117 184 0.64 
2 c l - c ~ c - c l  770 94 8.19 

c l h  Group Symmetry 
1 CHFCHOH 64 44 1.45 
2 4-C1-1.3- (N0z)z-C 6H3 640 202 3.17 
3 clzc=ccl-ccl=ccl~ 300 258 1.16 

500 106 4.71 4 

5 CHz=CH-CH=CH-CH=CH, 1210 80 15.12 
Dzn Group Symmetry 

1 1,2,4,5- (C1) I-CSHZ 1500 214 7.01 

Br 
\ 

/C=CH2 
H 

c1 c1 ' 

\ /  
/ \  

2 C = C  

3 
4 
5 

Cl c 1  
ClCHzCHzCl 
BrCH2CH2Br 
BrCH=CHBr (trans) 

200 166 1.20 

680 
117 
62 

98 
188 
186 

6.94 
0.62 
0.29 
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Cnu Symmetry Group-This group is derived from C, and also 
has a vertical plane of symmetry uu through the axis. Examples 
of molecules of this group are: 

Cau czu 
D,, Dnh. and Dnu Symmetry Groups-Molecules that pos- 

sess one or more twofold axes of rotation belong to the D n  group, 
while the addition of a U h  (horizontal plane) produces the Dnh 
group and the addition of a uu (vertical plane) produces the Dnu 
group. Examples of these include: 

Dnd Symmetry Group-Another series of groups arises when a 
set of vertical planes, uu, is added to D, through the axis Cn, 
bisecting the angles between the twofold axis. An example of Dnd 
is: 

C P C l  
H 

Cum Symmetry Group-This group is obtained by adding a ver- 
tical plane, uu, to C - ,  where C.. implies an infinite-fold axis for 
which rotation by all multiples of an infinitesimal angle (2a/n, 
where n- m )  is a symmetry operation. A heteronuclear diatomic 
molecule has this symmetry, with the C.. axis along the bond 
axis, e.g., carbon monoxide (CO). 

Dzd 

EXPERIMENTAL 

The molecular symmetry of the compounds under investigation 
was assieed based upon the observation of the spatial orienta- 
tion of the “space-filling” molecular modelsl. These models de- 
pict the linearity and planarity of the molecules. For example, 
hydrocarbon side chains were found to be nonlinear due to sp3 
(tetrahedral) orbitals, whereas sp2 bonded atoms such as in ole- 
fins were found to be trigonal and in the same plane. The possible 
alteration of spatial orientation by stretching, rotational, and 
translational energies was also considered. Although stretching 
energies of the molecules are the most significant of the three 
mentioned, there was no demonstrated alteration in the symme- 
try of the molecule. The rotational and translational energies 
were subjected to restrictions consistent with the most stable con- 
formation. In all cases the most apparently stable conformation 
was selected. Compounds that were too large for model construc- 
tion or too complex due to heterocyclic ring structures were as- 
signed to symmetry groups after detailed inspection of their 
structural formulas or portions of the molecular models. 

Compounds selected for study were assumed to be relatively 
stable in biological systems and do not readily undergo chemical 
or biological modification. For purposes of this discussion, only 
neutral and relatively inert compounds, which are presumed to 
act in an inhibitory or regulatory manner in biological systems, 
are included. Toxicity data for the compounds studied were ob- 
tained (7) and converted to LDso values expressed in pillimoles 
per kilogram. 

RESULTS AND DISCUSSION 

When using compounds from Ref. 7, an apparent relationship 
between the degree of molecular symmetry and acute lethal toxic- 
ity was found. For example, when the oral toxicity data in rats 
are arranged according to the different groups of symmetry of the 
compounds in Tables 11-IV, the data can be summarized as in 
Table I. 

Utilization of an unpaired t test indicated that the mean LDso for 
the C1 symmetry group is statistically different from the other 
three groups. This implies that the C1 group, which is least sym- 
metrical, has the lowest degree of toxicity. All constituents of liv- 
ing matter listed in “Geigy Documenta Scientific Tables” (8) also 
belong to the C1 group. These include compounds from the fol- 
lowing general classifications: monosaccharides, sugar phos- 
phates, polyhydric alcohols, amino acids, purines and pyrimi- 
dines, porphyrins, fatty acids, steroids, etc. As expected, these 
endogenous compounds have low degrees of toxicity. 

Although the sample sizes for the higher symmetry groups ap- 
parently account for the lack of statistical significance between 
the difference in mean LDso values, the general trend indicates 
that the greater the degree of symmetry, the greater the degree of 
toxicity. Among the groups listed, D2h has the greatest degree of 
symmetry and the highest acute lethal toxicity (lowest mean 
LDso). The trend of this relationship and the usefulness of sym- 
metry grouping are strengthened by the example of benzene hex- 
achloride (lindane). Three different isomers (a, y, and 6) are 
known, with the y-isomer being the most potent (8) although 
their octanol-water partition coefficients (log P)  differ only by 0.4 
log unit2. Dreiding’s models of these compounds show that the 
most stable conforqation of the y-isomer has all the chlorine 
atoms at the equatorial positions, which places it in the D6h group 
while the other two isomers belong to the C1 group: 

b 5  

benzene hexachloride y-isomer 
1,2,4,5/3,6 1,2,4/3,5,6 
LDso = 125 mg/kg (oral rat) 
logP = 3.72 
Doh group symmetry 

benzene hexachloride a-isomer 

LDso = 5% mg/kg 
log P = 3.80 
C1 group symmetry 

benzene hexachloride 6-isomer 
1,2,3,5/4,6 
LDso = lo00 mg/kg 
logP = 4.14 
C1 symmetry group 

Another example of interest is the comparison of Compound 7 of 
the 4, group in Table 111 with Compound 16 of the C1 group in 
Table II. Compound 7, the more symmetrical of the two, is nearly 
four times as toxic yet the two molecules are isomers. 

Considering the large number of chemical classes of compounds 
represented in Tables 11-IV, the apparent relationship becomes 
even more interesting. Although a number of fundamental ques- 
tions obviously remain to be answered, the symmetry parameter 
is apparently useful in predicting something about activity and 
toxicity of various chemical compounds. Why should all endoge- 
nous compounds used as natural building blocks belong tc the C1 
symmetry group? Why do compounds of the same symmetry 
group have the same magnitude of toxicity regardless of their 
chemical nature and the mechanism of toxicity? Empirically, the 
answer to the first question may be governed by the building 
blocks of DNA which are all the C1 purines and pyrimidines. 
This should not be confused with the gross symmetry of the two 
double-helical DNA molecules after replication occurs, which is 
probably responsible for the gross symmetry of almost all living 
organisms. 

CPK. Ealing Corp., Cambridge, Maas. 

~~ ~ 

* T. Fujita, unpublished data through the courtesy of Dr. C. Hansch. 
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The answer to the second question may be that the acute lethal 
toxicity (LDso) is a very nonspecific type of biological response 
which depends upon nonspecific interactions with biopolymers or 
macromolecules. It is well known that compounds of higher de- 
grees of symmetry usually have higher melting points and/or 
boiling points, indicating a greater degree of binding force with 
the neighboring molecules. 

CONCLUSIONS 

An apparent relationship was found between the degree of mo- 
lecular symmetry and the acute oral lethal toxicity in animals as 
represented by the LDso. This approach has some obvious limita- 
tions including the uncertainty in conformation assignments for 
large molecules and the lack of comparable data on large num- 
bers of Compounds of interest of higher order symmetry groups. 
Furthermore, the approach may not be directly applicable to 
drugs or substances that exert very specific biological activity by 
interaction with enzymes, such as antimetabolites, or to drugs 
that are rapidly metabolized in the body to other species with al- 
tered biological activity. 

In general, however, this approach may have uncovered a new 
parameter which should be considered in the design of potentially 
specific, nontoxic drugs. In a given chemical classification, for ex- 
ample, this parameter may be included along with other physi- 
cal-chemical parameters such as lipophilicity and steric and elec- 
tronic factors utilized in current approaches to structure-activity 
correlations. Group theory can also be taken one step further by 
using quantum mechanical calculations of molecular interaction 
in the case of a specific process where a significant amount of in- 
formation is known about the interaction between the drug and 
the receptor. Additional studies on specific pharmacological 

groups or agents will further demonstrate the validity and useful- 
ness of this working hypothesis. 
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GLC Determination of Plasma Levels of Enantiomers of 
a-[4-(l-Oxo-2-isoindondolinyl)phenyl]propionic Acid 

G. P. TOSOLINIX, E. MORO, A. FORGIONE, M. RANGHIERI, and 
V. MANDELLI 

Abstract A quantitative GLC determination of each n-[4-(1- 
oxo-2-isoindolinyl)phenyl]propionic acid enantiomer in human 
plasma after oral administration of the racemate is described. 
After extraction and purification of the extract through partition 
steps, the substances were converted to the diastereoisomeric am- 
ides oia the acid chlorides. These derivatives were separated and 
quantitated by GLC. The sensitivity limit is 0.3 pg of each enan- 
tiomer/ml plasma. In the concentration range of 0.62-5.00 pg/ml 
plasma, the percent recovery (f standard deviation) of the d- and 
I-enantiomer was 67.51 f 3.11 and 67.44 f 3.14, respectively, 
whereas the coefficients of variation of the ratios between these 
recoveries and those ,of the internal standard were 1.03 and 1.05%, 
respectively. 

Keyphrases 0 a-[4-( 1-Oxo-2-isoindolinyl)phenyl]propionic acid- 
GLC determination of plasma levels of enantiomers 0 a-Phenyl- 
propionic acid derivatives-GLC determination of plasma levels of 
enantiomers 0 GLC-determination, enantiomers of a-[&(l-oxo- 
2-isoindolinyl)phenyl]propionic acid, plasma levels, humans 

d 1 - (Y - [ 4 - ( 1 - 0 xo - 2 - isoi nd 01 in y 1 ) p h enyl] propionic 
acid (d l - I )  is a promising analgesic and anti-inflam- 
matory agent. The chemistry (1) of this substance 

and its biological activities (2) were reported. Com- 
pound dl-I was approximately 20 times as active as 
phenylbutazone in inhibiting carrageenin-induced 
edema of the rat paw, 15 times as active as phenyl- 
butazone in the granuloma pouch test, and about 20 
times as  potent as phenylbutazone in preventing ad- 
juvant -induced arthritis in the rat. When using the 
parameter of phenylquinone-induced writhing in the 
mouse, the compound proved equipotent with in- 
domethacin, 95 times more potent than phenylbuta- 
zone, and 50 times more potent than aspirin. 

Pharmacokinetics studies (3) showed that  the sub- 
stance in its racemic modification was completely 
and rapidly absorbed from the GI tract when admin- 
istered in capsules to  healthy volunteers (peak plas- 

0 
d l - I  
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