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Abstract 0 Some sesquiterpene lactones and related compounds were 
tested for anti-inflammatory activity in rodents. In the edema-induced 
carrageenan inflammation screen, the a-methylene-y-lactone moiety 
of the sesquiterpene lactones was required for inhibitory activity. The 
6-hydroxy group of helenalin also was required for potency. In the tenulin 
series, the 2,3-epoxy derivatives were marginally active. The same 
structure was required for inhibition of the writhing reflex. In the chronic 
adjuvant arthritic screen, compounds containing the cu-methylene-y- 
lactone moiety, the 8-unsubstituted cyclopentenone ring. and the a- 
epoxy cyclopentenone system afforded significant inhibition a t  2.5 
mg/kg/day. The sesquiterpene lactones were marginally effective against 
induced pleurisy. The delayed hypersensitivity was suppressed by these 
agents whereas immunoglobulin synthesis was slightly stimulated. No 
deleterious side effects were observed with these agents from the limited 
testa performed. 

Keyphrases o Lactones, sesquiterpene-anti-inflammatory activity, 
structure-activity relationships, edema, arthritis, pleurisy, immuno- 
globulin synthesis, rats 0 Anti-inflammatory agents-sesquiterpene 
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The anti-inflammatory drugs ethacrynic acid and N -  
ethylmaleimide have been shown to bind sulfhydryl groups 
(1). Cysteine, a sulfhydryl-donating compound, reversed 
the anti-inflammatory activity of these agents, indicating 
that sulfhydryl groups participate in the inflammatory 
process. In addition, the sulfhydryl-binding properties of 
drugs, e.g., salicylates and indomethacin, were related to 
their anti-inflammatory activity (1). Other researchers 
(25) showed that sulfhydryl and disulfide interactions are 
altered in rat adjuvant arthritis, human connective tissue 
disease, and anti-inflammatory drug therapy. 

Mechanism of action studies with sesquiterpene lactones 
showed that the a-methylene- y -1actone and cyclopen- 
tenone moieties undergo Michael-type addition with L- 
cysteine, glutathionine, and a number of sulfhydryl- 
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bearing cell enzymes (6-10). Metabolic studies with 
sesquiterpene lactones in mammalian cancer cells dem- 
onstrated that these agents are potent inhibitors of the 
lysosomal enzymes, oxidative phosphorylation, and protein 
synthesis and that they significantly elevate cellular cyclic 
AMP levels (7,11,12). A number of clinically useful anti- 
inflammatory agents have similar effects on cell metabo- 
lism. Moreover, certain sesquiterpene lactone-producing 
plants, such as Eupatorium formosanum, have been used 
as anti-inflammatory herbal remedies as well as antipyretic 
drugs (13). Thus, it was decided to test these agents for 
anti-inflammatory activity. 

EXPERIMENTAL 

Test Compounds-Twenty-nine sesquiterpene lactones and related 
compounds were studied. Some were natural products isolated from plant 
species by literature techniques (14): helenalin (I) from Balduina an- 
gustifolia (15), tenulin (XI) (6) and aromaticin (XVII) (6, 16) from 
Helenium amarum, eupatolide (XVIII) from Eupatorium formosanum 
(17), deoxyelephantopin (XIX) from Elephantopus carolinianus (18). 
eupahyssopin (XX) from Eupatorium hyssopifolium (19), eupaformo- 
sanin (XXI) from Eupatorium formosanum (20), and molephantin 
(XXII) (21), molephantinin (XXIII) (22), and phantomolin (XXIV) (23) 
from Elephantopus mollis. 

Plenolin (11) was obtained by hydrogenation of helenalin to give a 
compound identical to the naturally occurring product (24). 2,3-Dihy- 
drohelenalin (III), 2,3,11,13-tetrahydrohelenalin (IV), 2,3-epoxyhelenalin 
(IX), and 2,3-epoxyplenolin (X) were chemically modified from helenalin 
(24), as was dimeric helenalin (V) (12), helenalin dimethylamine adduct 
(VI) (25), 2,3-epoxyhelenalin dimethylamine adduct (VII) (26), and 
helenalin pyrrolidine adduct (VIII) (25). 2,S-Dihydrotenulin (XII), 
2,3-epoxytenulin (XIII), isotenulin (XIV), 2,3-epoxyisotenulin (XV), and 
dihydroisotenulin (XVI) were prepared by a literature method (27). 
Thymine a-methylene-y-lactone (XXV) and i t s  corresponding tri- 
methoxybenzoyl ester (XXVI) were prepared by literature techniques 
(28), as was a-methylene-(3,@-dicarbethoxy-y-butyrolactone (XXVIII) 
(29). a-Methylene-y-lactone (XXVII) was prepared by the published 
method (30). 
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The following were purchased from commercial sources: 2-cyclopen- 
tenone' (XXIX), indomethacin* (XXX), phenylb~tazone~ (XXI), di- 
ethylstilbe~trol~, and ethynyl estradio14. 

Anti-Inflammatory Screen-Sprague-Dawley male rats, -160 g, 
were administered test drugs a t  2.5 mg/kg ip in 0.05% polysorbate 80,3 
hr and 30 min prior to the injection of 0.2 ml of 1% carrageenan in 0.9% 
saline into the plantar surface of the right hindfoot. Isotonic saline was 
injected into the left hindfoot, which served as a baseline. After 3 hr, both 
feet were excised a t  the tibiotarsal (ankle) joint according to a modified 
method (31,32), resulting in an average 0.655-g foot weight increase for 
controls. 

Antipyretic Screen-Sprague-Dawley rats, -200 g, were adminis- 
tered 2 ml of 44% baker's yeast solution subcutaneously (31) 18 hr prior 
to the injection of drugs a t  2.5 or 5 mgkg ip, resulting in an average body 
temperature elevation of 3.46 OF. Rats were also administered 0.25 mg 
of Mycobacterium butyricumb (33) subcutaneously prior to drug ad- 
ministration. Rectal temperatures were taken a t  0,2,4,  and 6 hr. 

Analgesic Screen-The hot-plate-tail flick method (34) was em- 
ployed with CFI male mice, -30 g, who were administered test drugs a t  
20 mg/kg ip 5 min prior to the analgesic test. Normal reaction time was 

1 Aldrich. * Merck Sharp and Dnhme 
3 Geigy. 
4 Sigma 
5 Difco. 

<I, 

XXI 
XXII:R = H 

XXIII: R - CH:, 

9.3 sec. Morphine, 10 mg/kg, increased the reaction time to over 1 
min. 

The writhing reflex was also utilized. Mice were administered test drugs 
a t  20 mg/kg ip 20 min (35) prior to the administration of 0.5 ml of 0.6% 
acetic acid (36). After 5 min, the number of stretches, characterized by 
repeated contractures of the abdominal musculature accompanied by 
extension of the hindlimbs, was counted for the next 10 min. The control 
mice averaged 78 stretch reflexed10 min. 

Chronic Adjuvant Arthr i t ic  Screen-Male Sprague-Dawley rats, 
-160 g, were injected a t  the base of the tail with 0.2 mi of 100 mg of dried 
M. butyricum solution and 40 mg of digitonin in 20 ml of light mineral 
oil (37). Test drugs were administered on Day 3 through Day 30 a t  2.5 
mg/kg/day ip. Animals were sacrificed on Day 21, and the feet were ex- 
cised and weighed. Control animals achieved a 0.830-g average net weight 
gain. 

Pleurisy Anti-Inflammatory Screen-Sprague-Dawley rats were 
administered test drugs at 2.5 mg& ip 1 hr before and 3 hr after injection 
into the pleural cavity of 0.05 ml of 0.316% Evan's Blue and carrageenan 
(38). Six hours later, the rats were sacrificed, and the fluid was collected 
from the pleural cavity. Control rats produced an average 2.5 ml of 
fluid. 

Passive Cutaneous Anaphylaxis Screen (Antial1ergy)-Egg al- 
bumin (10 mg/kg) with 1.5 ml of Bordetella pertussis vaccine (8 pro- 
tective units/ml) was used to induce homocytotropic antibody production 
in Sprague-Dawley male rats (39). Blood was collected by tail vein 
bleeding, and the serum was separated and frozen. New rats were shaved, 
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and 0.1 ml of serum antibodies (diluted 1:2 with isotonic phosphate saline 
buffer) was injected intradermally a t  three sites. Forty-eight hours later, 
the rats were given test drugs a t  2.5 mg/kg ip. The rats were challenged 
45 min later intravenously with 0.3 ml of 1% egg albumin in pH 7.2 iso- 
tonic saline and 0.25% solution of Evan's Blue. The animals were sacri- 
ficed 30 min later, and the blue wheals were measured a t  the serum 
antibody injection sites (40,41). Control animals gave an average response 
of 22.4 mm (diameter). 

Histamine-Induced Anaphylaxis or Hypersensitivity-Female 
HLA-SW mice, -35 g, received 0.15 ml of reconstituted B. pertussis 
vaccine in 0.996 saline intravenously 4 days prior to the administration 
of test drugs a t  20 mg/kg. Histamine base (1 mg) was injected intraperi- 
toneally 30 min later (42). Histamine anaphylaxis resulted in 88% mor- 
tality for the control animals. 

Antibody Production-CF1 male mice, -30 g, were administered 
sheep red blood cells as an antigen intraperitoneally. On Days 2-4, test 
compounds were administered a t  5 and 10 mg/kg/day. On Day 5, the 
spleens were removed and the lymphocytes were harvested. Lymphocytes 
were incubated with sheep red blood cells and guinea pig complement 
on 1% agarose slides according to the Jerne plaque microassay technique 
(43). and the plaques were counted. The control animals produced 275 
plaquesll06 lymphocytes. Animals were treated similarly with chicken 
red blood cells, blood was collected by tail vein bleeding on Day 5, and 
the serum was separated. Chromium 51 was incubated with, and taken 
up by, chicken nucleated red blood cells (44). Labeled cells were then 
incubated with serum antibodies from the mice. Normal mouse serum 
resulted in an average 22% release of chromium 51 from the chicken red 
blood cells and a maximum 95% release with 3% acetic acid. 

Mitogenic Teet-CF1 male mice were given helenalin (I)  a t  5 mg/kg 
2 hr prior to sacrifice or on Days 1-3 and 10 pCi of [14C-rnethyl]thymidine 
(49.2 mCi/mmole) was injected intraperitoneally on Day 4 (6). After 1 
hr, the mice were sacrificed, the spleen was excised, and lymphocytes were 
prepared. The I4C-thymidine incorporation into lymphocyte deoxyri- 
bonucleic acid was determined. In an analogous manner, spleen lym- 
phocytes from 2 hr-treated mice were analyzed by radioimmunoassay 
for cyclic AMP. 

IleIayed Hypersensitivity Screen-Sprague-Dawley rats, -160 g, 
were administered methylated bovine serum albumin as antigen sub- 
cutaneously on Days 0 and 7 (45-47). Test drugs were administered daily 
a t  2.5 mg/kg ip. On Day 21, the rats were challenged with antigen injected 
into the right plantar footpad. The left hindfoot acted as the control. 
Animals were sacrificed 24 hr later, and the paw weight was obtained. 

In the second experiment, rats were administered chicken egg albumin 
a i ~  antigen on Days 0 and 7. However, dosing with test compounds a t  2.5 
mg/kg only occurred on Days 18-20. The methylated bovine serum al- 
bumin resulted in a net increase of 119 mg whereas the egg albumin re- 
sulted in a net increase of only 46 mg upon challenge with the respective 
antigens. 

Antifertility and  Teratogenic Effects of Drugs-CF1 female mice, 
-30 g, were administered test compounds at 6 mg/kg/day for 28 days. On 
Day 10, they were exposed to males (two females per male) for the re- 
mainder of the experiment. On Days 27-30, pregnant females were sac- 
rificed and the number of viable fetuses and intrauterine deaths were 
tabulated (48,49). Fetuses were examined for teratogenic effects by lit- 
erature methods (50). Uterotropic effects were determined in female rats, 
-50 g, by published methods (51), 

Adverse Side Effects-Central nervous system (CNS) effects such 
as drowsiness, convulsions, hyperexcitability, and reflex activity loss were 
determined by observation of all animal species used in the screens a t  
various doses. Ulcerogenic (estrogenic side effects) tests were carried out 
in Sprague-Dawley rats, -160 g, who were administered test drugs a t  2.5 
mg/kg/day for 3 weeks. After food had been removed for 18 hr, the last 
dose was administered on Day 21. Four hours later, the rats were sacri- 
ficed and the gastric and duodenal linings were examined for bleeding 
and/or ulcers (52). 

In an analogous experiment, animals were bled on Day 21 by tail vein 
and the red and white blood cells were counted in a hemocytometer and 
expressed as numbers of cells x 1@/cm3. Hematocrits were also obtained 
(53). In oitro effects of test drugs on aerobic respiration of rat liver ho- 
mogenates were also determined a t  0.75 pmole as previously outlined 
(12). 

RESULTS 

In the edema-induced inflammation test, a t  2.5 mg/kg twice, 111, IX, 
X, XIII, XIX, XX, XXIV, and XXV caused a t  least 40% inhibition, while 
I caused 72% inhibition (Table I). A t  2.5 or 5 mg/kg, the sesquiterpene 

Table I-Anti-Inflammatory Activity of Sesquiterpene Lactoues 
and Germacranolides 

Percent Control 
Anti- 

Inflammatory Writhing 

Sprague- CFI 

Rats, 2.5 mg/kg 20 mg/kg, 

Screen, Reflex, 

Dawley Mice, 

Comoound (n = 8) twice. jl f SD i f SD 
~ ~~ ~~~ 

I Helenalin 28 f 15" 7 f 3; 
I1 Plenolin 8 9 f 1 6  8 3 f 8  

I11 2,3-Dihydrohelenalin 51 f 19" 50 f 11" 
IV 2,3,11,13-TetrahydroheIenalin 96 f 15 93 f 13 
V Dimeric helenalin 68 f 11" 64 f 5" 

VI Helenalin dimethylamine 7 4 f  16b 7 9 f 8 "  
adduct 

dimethvlamine adduct 
VII 2,3-Epoxyhelenalin 

VIII Helenalin yrrolidine adduct 
IX 2,s-Epoxyielenalin 
X 2,3-E oxyplenolin 

XI Ten& 
XI1 2,3-Dihydrotenulin 

XI11 2,3-Epoxytenulin 
XIV Isotenulin 
XV 2,3-Epoxyisotenulin 

XVI 2,3-Dihydroisotenulin 
XVII Aromaticin 

XVIII Eupatolide 
XIX Deox elephantopin 
XX Eupaiyssopin 

XXI Eupaformosanin 
XXII Molephantin 

XXIII Molephantinin 
XXlV Phantomolin 
XXV Thymine a-methylene-y- 

XXVI Trimethoxybenzoyl ester 

XXVII a-Methylene- lactone 
XXVIII a-Methylene-]&dicarbeth- 

lactone 

of thymine lactone 

75 f 13b 

72 i 16b 
54 f 3" 
49 f 7 
84 f 18 
93 f 8 
57 f 19" 
84 f 17 
69 f 9" 
92 f 15 
65 f 6" 
70 f 12" 
49 f 11" 
43 f 6" 
69 f 8" 
67 i 8" 
68 i i T b  
54 f 19" 
57 f 7" 

83 f 9' 

64 f 13" 
75 f l l b  

86 f 7c 

73 f 6" 
47 f 5" 
I1 & 12 - ~- 
95 f 7 
81 f 8" 
28 f 6" 
87 f 12 
64 f 9" 

101 i 16 ~ ~~~ 

77 f 11" 
64 f 9" 
47 f 7" 
32 f 5a 
62 f 5" 
46 f 8" 
53 f 6" 
53 f 9" 
59 f 7" 

69 f 7a 

78 f 5" 
- 

oxy-y-butyrolactone 
XXIX 2-Cyclopentenone 7 7 f  13b 7 9 f 8 "  

43 f 7" XXX Indomethacin (10 rng twice) 
XXXI Phenvlbutazone (50 me twice) 53 f 13" - 

22 f 8" 

XXXII 0.05% PdysorbaG 80 - 1 0 0 f 1 2  1 0 0 f 9  
(0.655 e) 

Pl , ... 

a p = 0.001. * p = 0.005. p = 0.010, 
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Table 11-Antiarthritis Screen Test Drugs in Sprague-Dawley 

ComDound (2.5 mdkg for 3 weeks) ( n  = 6) Percent Control 

0.05% Polysorbate 80 
I 

VI 
IX 
XI ..~ 

XI1 
XI11 
XIV xv 

XVIII 

100 (0.830 g) 
23 
59 
54 
47 
92 
33 
47 
37 
70 

XIX 31 
xx 34 

XXII 40 
XXVII 17 

X X X  (10 mg/kg/day) 55 

Table 111-Antipleurisy Activity of Sesquiterpene Lactones in 
Rats  

Compound (2.5 mg/kg/day) 
(n = 6) Fluid Increase, ml Percent Control 

0.0596 Polysorbate 80 2.50 - 
I 2.02 81 

X I  1.58 63 - _. 

XIX xx 
1.50 60 
1.60 64 

Table IV-Passive Cutaneous Anaphylaxis Test of Antiallergy 
Effects in Rats 

Antigen Challenge, 

( n  = 8) Diameter. cm Percent Control 
Compound (2.5 mg/kg/day) Average 

0.05% Polysorbate 80 2.24 
I 1.67 

XI 1.65 

- 
74 
73 

XIX 2.04 91 xx 1.78 79 

lactones afforded no activity against induced hyperpyrexia in rats. In the 
hot-plate test, which more closely relates to narcotic analgesic activity, 
these analogs were inactive at  20 mghg. The writhing reflex text  (Table 
I),  which is more closely related to inflammation pain, showed that 111, 
IX, XIII, XIX, XX, and XXII-XXV caused greater than 40% inhibition; 
I caused 93% reflex inhibition; XI11 caused 72% inhibition; and XX caused 
68% inhibition. Compounds I,  XII, XV, XIX, XX, and XXVII a t  2.5 
mg/kg/day caused greater than 60% inhibition of induced adjuvant ar- 
thritis in rats (Table 11). Compounds VI. IX, XI, XIV, and XXII showed 
greater than 40% inhibition. 

In the antipleurisy screen, I, XI, XIX, and XX caused 2040% inhibi- 
tion of pleural edema a t  2.5 mg/kg twice (Table 111). These same com- 
pounds offered only minimal protection in the passive cutaneous ana- 
phylaxis text (antiallergy) in rats (Table IV) and offered no protection 
against histamine-induced anaphylaxis in mice. 

The sesquiterpene lactones (I, XI, and XXIX) caused a slight, but 
significant, increase in serum immunoglobulin production in mice (Table 
V). Chromium 51 release from nucleated chicken red blood cells also 
demonstrated the increase in antibody synthesis after I and XI admin- 
istration. Sesquiterpene lactones suppressed T cell delayed hypersensi- 
tivity with both methylated bovine albumin and chicken egg albumin 
(Table VI). Short-term dosing prior to antigen challenge caused the most 
suppression of T cell function compared to continued dosing, although 
different antigens were used. Compound I caused 81% inhibition, XI 
caused 32% inhibition, XIX caused 68% inhibition, and XX caused 47% 
inhibition. Compound I demonstrated 46% inhibition of delayed hy- 
persensitivity to methylated bovine serum albumin. Helenalin (I) was 
judged to have mitogenic effects on spleen lymphocytes since 5 mg/kg/day 
resulted in a 342% increase in W-thymine incorporation into DNA after 
2 hr and a 445% increase after 3 days. Cyclic AMP levels were reduced 
51% after 2 hr. 

The sesquiterpene lactones had no effects on fertility in mice a t  6 
mg/kg/day (Table VII). The viable fetuses and intrauterine deaths were 

Table  V-Jerne Plaque: Immunosuppressant/Stimulation 
Activity of Sesquiterpene Lactones in CFI  Male Mice 
Administered 0.2 ml of SheeD Ervthrocvtes 

Jerne Plaque, Chromium 51, 
comDounda %control % released 

____ ~~ 

0.05% Polysorbate 80 100 f l l b  22.2' 

XXIX (0.25 mg/day) 140 f 12 - 
Melphalan (0.1 malday) 5 1 f 8  - 

I (0.125m /da ) 138 i 11 65.9 
123 f 11 76.3 
104 f 9 - 

XI (0.25 mgydayy 
XIX (0.25 mg/day) 

0 Intraperitoneal administration on Days 24. * 275 plagued106 spleen cells. 
Maximum release 95%. 

Table VI-Effects of Sesquiterpene Lactones on Delayed 
Hypersensitivity in  Rats  

Methylated Bovine 
Egg Albumin Serum Albumin 

Compound (2.5 mg/kg/day) mg % mg % 
( n  = 6) Increase Control Increase Control 

~~ 

0.05% Polysorbate 80 46.1 - 119 - 
I 8.6 18.6 64 54 

XI 31.2 68.0 112 94 
XIX 14.9 32.0 86 72 xx 24.5 53.1 93 78 

Table VII-Effects of Sesquiterpene Lactones on Reproduction 

Fertility in CF1 Female Mice 
Compound ( n  = 8) % Pregnant Viable Fetuses per Litter 

I (6 mg/kg/day) 100 
XI (6 mg/kg/day) 100 
Diethylstilbesterol 0" 
1% Carboxymethylcellulose 100 

1 1 f 2  
9 f 3  
00 

1 2 f 3  
Uterotropic Effects in Rats, 

mg increase 

I (20 mg/kg/day) 63 f 5 
73 f 7 

XX (20 mg/kg/day) 87 f 10 
Eth nyl estradiol(10'g /kg/day) 184 f 9" 
1% 6arboxymethylcellufose 84 f 8 

Compound ( n  = 6) 

XI (20 mg/kg/day) 

0 p = 0.001. 

within normal control limits. No teratogenic or congenital abnormalities 
were noted in the viable fetuses. The sesquiterpene lactones had no es- 
trogenic effects on immature female rats. After 3 weeks of drug admin- 
istration in rats, no gastric or duodenal bleeding or ulcerogenic effects 
were noted. White and red blood cell counts were within normal control 
limits, and hematocrit values were also normal. No abnormal CNS effects 
were observed in any of the animals while being administered drugs. 
Sesquiterpene lactones a t  equivalent doses had no effect on liver aerobic 
respiration. In Tables I-VII, the number of animals per group is expressed 
as n ;  the mean of the percent of control and standard deviation is ex- 
pressed as P f SD. The significance level p was determined by the Stu- 
dent t test (54). 

DISCUSSION 

The genera1 anti-inflammatory screen of induced edema by carra- 
geenan demonstrated that the a-methylene-y-lactone sesquiterpene 
lactone moiety and related compounds (compare I-XXIX) was required 
for activity. When the 11.13-methylene group wassaturated (11) or oth- 
erwise masked (XI), significant activity was lost. Among the compounds 
studied, helenalin (I), which contains a cyclopentenone ring in addition 
to this essential a-methylene-y-lactone moiety, was the most active. The 
6-unsubstituted cyclopentenone ring (XXIX) demonstrated minimal 
inhibitory activity and probably is responsible for the slight anti-in- 
flammatory activity of 11, XI, and XIV. Saturation of the 2,3-double bond 
resulted in the loss of this slight activity, as seen with IV, XII, and XVI, 
and the reduced activity of 111. 

The 6-hydroxy group of helenalin may play a significant role in receptor 
binding since esterification (as in V) or elimination of this group (as in 
XVII, which has a transfused lactone ring) drastically reduced anti-in- 
flammatory activity. The 2,3-epoxy derivatives in the tenulin and iso- 
tenulin series (XI11 and XV) afforded increased anti-inflammatory ac- 
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tivity; however, the 2,3-epoxy of helenalin (1x1 did not improve the 
anti-inflammatory activity of helenalin. If the a-methylene-y-lactone 
was converted to the dimethylamine adduct (VI) or the pyrrolidine ad- 
duct (VIII), activity was reduced. The adducta may be hydrolyzed slowly 
in uiuo to give back the a-methylene-y-lactone, which would account for 
the observed activity. Here again, the 2,3-epoxy derivative (VII) of the 
dimethylamine adduct caused no increase in activity. 

The structural types of sesquiterpene lactones might affect their 
anti-inflammatory potency; thus, the pseudoguaianolide 2,3-dihydro- 
helenalin (III,49?6 inhibition) is more active than the germacranolide, 
eupatolide (XVIII, 30% inhibition). The difference in the degree of po- 
tency (57-30%) among the germacranolides tested (XVIII-XXIV) might 
be due to their dissimilar conformations as well as to functional groups, 
e.g., eupahyssopin (XX) which, in addition to the essential a-methy- 
lene-y-lactone moiety, contains an allylic ester, an epoxy ring, and a 
primary hydroxyl group, any one of which may be responsible for the 
additional activity. The simple a-methylene-y-lactones (XXVII and 
XXVIII) caused minimal anti-inflammatory activity, indicating again 
that there are other steric requirements for potent pharmacological ac- 
tivity. 

The writhing reflex test demonstrated the same structural require- 
ments as did the general anti-inflammatory screen; i.e., the a-methy- 
lene-y-lactone in the cis-position with relation to the central cyclohep- 
tane ring resulted in the best activity. Here again the 6-hydroxy group 
of the cycloheptane ring appeared to play a functional role and the 
8-unsubstituted cyclopentenone ring resulted in only minimal activity. 
Of the germacranolides tested, eupahyssopin and deoxyelephantopin 
again showed the best inhibitory effects. The simple a-methylene-y- 
lactones possessed only minimal activity. In the chronic adjuvant arthritic 
screen, a t  a relatively low dose, the simple a-methylene-y-lactone 
(XXVII) possessed the best inhibitory activity against arthritis. 

Helenalin (I), which contains both the a-methylene-y-lactone moiety 
and 8-unsubstituted cyclopentenone ring, was very potent. The di- 
methylamine adduct (VI) of helenalin showed less activity, as did the 
2,3-epoxy derivative (IX). In the tenulin series (XI and XIV), the j3-un- 
substituted cyclopentenone appeared to play a major role in inhibitory 
activity against arthritis. Saturation of the ring led to loss of activity (XII). 
The tenulin epoxy derivatives (XI11 and XV) had improved activity. Of 
the germacranolides tested, the allylic ester- bearing deoxyelephantopin 
(XIV), eupahyssopin (XX), and molephantin (XXII) all were more active 
than the simple germacranolide, eupatolide (XVIII). Thus, the structural 
requirements for chronic arthritic inhibition were not as rigid as those 
for general anti-inflammatory activity. 

The sequiterpene lactones at 2.5 mgkg had only marginal inhibitory 
effects in the pleurisy screen, with helenalin (I) having less effect than 
the germacranolides. As antiallergy agents, the sesquiterpene lactones 
were essentially inactive. The effects of these agents on the immunological 
system were twofold. First, the serum antibody production seemed to be 
elevated with agents containing the 8-substituted cyclopentenone ring. 
Second, T lymphocyte production seemed to be depressed, with helenalin 
(I) having the best effects. The mitogenic effects of helenalin would ex- 
plain the immunostimulant effects on B cells. 

Chronic arthritis in humans has been treated with BCG vaccine, le- 
vamisole, tilorone, and various immunological fractions like transfer 
factor, which are immunostimulants (55,56). Complement, T cells, and 
IgM of rheumatoid factor have been found in the joint synovium or 
pannus (57-59). The exact etiology of rheumatoid arthritis is unknown. 
I t  is believed to be related to persistent viral (60, 61), mycoplasma, or 
bacterial infection or to an autoimmune disease due to uncoiled IgG au- 
toantibody formation and a deficiency of suppressor T cell function (62). 
Substances of T cells, e.g., lymphotoxin, migration inhibition factor 
(MIF), and blaetogenic factor, were found in the synovial fluid of patients 
with rheumatoid arthritis (63,64). For these reasons, immunosuppressors, 
eg., azathioprine, cyclophosphamide, D-peniciuamine (56), and gold (55), 
are used. Whether elevated T cell responses are due to the primary 
pathogenesis of chronic arthritis or to secondary changes in the disease 
state, e.g., response against phagocytic products or vasoamine release, 
is not known. Thus, the sesquiterpene lactones offer an alternative to the 
current anti-inflammatory therapy. The dose required for antiarthritic 
activity is relatively low compared to marketed drugs. No deleterious side 
effects were noted in rodents with the sesquiterpene lactones a t  the doses 
employed. The exact mode of action as antiarthritic agents is being 
studied. 
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Abstract The simultaneous solubilization of some androgens and 
estrogens in aqueous polysorbate 40, tetradecyltrimethylammonium 
bromide, and sodium lauryl sulfate was studied. The solubilizations of 
estradiol and testosterone were independent of each other in all three 
association colloids. However, if the estrogen component was ethinyl 
cstradiol, the soluhilization was dependent on the addition order. The 
estrogen precipitates more readily than testosterone in polysorbate 40 
and tetradecyltrimethylammonium bromide, but the opposite is true in 
sodium lauryl sulfate. The simultaneous solubilizations of methyltes- 
tosterone or ethisterone with the estrogens tested were different from 
those of testosterone. The solubilization behavior of the steroids is dis- 
cussed, starting with the pseudophase model and different solubilization 
loci. Results indicated that the free energy change of micellar binding, 
LGb. decreases with increased steroid polarity. The simultaneous solu- 
bilization cannot be predicted by ACb but may be explained by differ- 
ences in the solubilization mechanism. 

Keyphrases 0 Solubilization-androgens and estrogens in various as- 
sociation colloids 0 Androgens-solubilization in various association 
colloids D Estrogens-solubilization in various association colloids 

The solubilization of poorly soluble drugs is of great 
pharmaceutical interest. The surfactants used may be 
important in drug bioavailability (1). 

The solubilization of steroid hormones by aqueous so- 
lutions of surfactants was reviewed previously (2). More 
recent reports (3-7) indicated that solubilization continues 
to be of interest. 

A recent report from this laboratory (8) dealt with the 
simultaneous solubilization of estrogens and Cnl-steroids 

in aqueous solutions of association colloids. The poorly 
soluble estrogen, estradiol, solubilized independently of 
the Czl-steroids, whereas the solubilization of ethinyl es- 
tradiol was independent of corticosterone and hydrocor- 
tisone but dependent on the presence of progesterone and 
desoxycorticosterone (21-hydroxyprogesterone). 

This report deals with the dissolution behavior of es- 
trogens and androgens simultaneously solubilized in 
aqueous solutions of three association colloids chosen as 
representatives of nonionic, cationic, and anionic types. 

EXPERIMENTAL 

Materials-Purification methods and the tests of purity of the steroid 
hormones and the association colloids were described previously (8). The 
association colloids used were sodium lauryl sulfate’, tetradecyltri- 
methylammonium bromide*, and polysorbate 40“. 

Solubilization Experiments-The solubility studies were carried 
out as previously described (8). The procedures were: saturation of the 
solution of association colloid with the first steroid and quantitation of 
solubilized steroid, saturation with the second steroid, and, finally, UV 
spectroscopic quantitation of both solubilized steroids. Special notice 
was paid to complete equilibration of the solutions. The soluhilization 
temperatures were 20° for tetradecyltrimethylammonium bromide and 
polysorbate 40 and 40’ for sodium lauryl sulfate. 

The UV absorbance of the steroid solutions was recorded a t  around 

Koch-light Lahoratories. 
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Tween 40, Atlas Chemical Industries 
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